System for Substratée Processing with Meniscus, Vacuum | PA vapor, Drying
Mani f ol d 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 techniques for nore efficiently
: addlng and renoving fluids fromwafer surfaces while reducing ,
contam nati on and decreasing 10 wat &t processi ng costs. 2. Descrlptlon of
"the Related Art In the sen1conductor chip fabrication process '
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15  include plasma etching (e.g., tungsten etch back (WEB)) and chemlc-al 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 sharry which consists of
chemicals and abrasive materiais to cause the polishing, Unfortunately, this process tends
to ieave an accumulation of slurry particles and residues at the wafer surface. If'left on the
20  wafer, the unwanted residual material and particles may cause, among other things, defects
| such as scratches on the wafer surface and inappropriate interactions between metallization
~ features. In some cases, such defects may cause devices on the wafer to become
inoperable. In order to avoid the undue costs of discarding wafers having inoperable
devices, it is therefore necessary to clean the wafer adequately yet efficiently after

25  fabrication operations that leave unwanted residues.

After a wafer has been wet cleaned, the wafer must be dried effectively to prevent
water or cleaning fluid remnants from leaving residues on the wafer. If the cleaning fluid
on the wafer surface is allowed to evaporate, as usually happens when droplets form,

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




drying techni ques are enployed such as spin drying, |PA or Marangoni.

- drying. Al of these drying techniques utilize some formof a noving

l'i quid/gas interface on a wafer surface which, if properly maintained,
results in drying of a wafer surface without the formation of droplets.
Unfortunately, if the noving quuid/gas I nterface breaks down, as often’
happens with all of the aforenentioned drying net hods, droplets form and
evaporation occurs resulting in contam nants being |left on the wafer
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‘circle formed by the moving liqﬁid!gas interface 12 is free from thé fluid and the _oﬁtsidc |
20  area of the circle formed by the moving liquid/gas interface 12 is the cleaning fluid.
Therefore, as the drymg process continues, the section inside (the dry area) of the moving
!iﬁuid/ gas interface 12 increases while the area (the wet area) outside of the moving
liquid/gas interface 12 decreases. As stated previously, if the moving liquid/gas interface
12 breaks down, droplets of the cleaning fluid form on the wafer and contamination may
25 occuf due to evaporation of the droplets. As such, it is imperative that droplet formation
-and the subsequent evaporation be limited to keep contaminants off of the wafer surface.
' Unfortunately, the present drying methods are only partially 'success-ﬁll at t_he prevention of

moving liquid interface breakdown.

In addition, the SRD process has difficulties with drying wafcf. surfaces that are
30 hydrc)phobic. Hydrophobic wéfe_r surfaces can be difficult to dry because such surfaces
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contamination to deposit on the wafer surface. Such deposits as often occurs today reduce

the yield of acceptable wafers and increase the cost of manufacturing semiconductor
20 wafers.

SUMMARY OF THE INVENTION

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

25  invention can be implemented in numerous wayé, 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
dryfng system where the drying system includes at least one proximity head for drying a

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




i ncl udes processing nodul es coupled to the integrated drying system where

" the processing nodules are selected fromone or nore of a chenical .

- mechani cal planarization nodule, a negasonic processing nodule, a cleaning
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The .second conduit region enables a renoval of the first fluid and the
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surface. I n another enbodi nment; a substrate preparation systemis provided

whi ch i ncl Sabahavd S : . surface is.
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- Trstsurface capable of being placed in close proximity to the wafer surface. The head also

inf;ludes a first conduit regiorni on the head where the first conduit region is déﬁm_ad- for -
20 delivery of a first fluid to wafer of the surface and the first conduit region is defined in'a

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

25 -~ defines a semi-enclosure of the first conduit region and the second conduit region. The
second-conduit region enables a removal of the first ﬂuid and the second fluid, and
wherein the delivery of the first fluid and the second fluid combined with the removal by
the third conduit region of the head defines a controllable meﬁiscus 'thai is deﬁned.be_tween
the head and the wafer suﬁacc when in-operatioﬁ_and the.head is proximate to the ,wafer-

30 . surface.



5 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
renovi ng each of the first fluid and the second. fluid from the surface of
the substrate where the at Ieast on%iof the third conduit is located to
substantially surround the at | east one of the first conduit, wherein the
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- I'n one enbodi nent, a net ho cessing a substrate is provided which
" incl udedocgteddo allbsfﬁglt!alljf swrirainden lQastrspQrtlon lof thewat fleastoms of the thied condait) y
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“the sybstirate and capabl e_of being_ noved over.the surface of the
leads to the vacuum region.. The method alsc 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.

.20 In another embodiment, a wafef pfeparatioh 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 élso includes a wafer
drying insert where the wafer drying insert is capable of being integrated into the wafer
brush scrubbing unit where the wafer drying insert including a proximity head for drying a

25 surface of the wafer without contacting i:he surface. |

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

surface of the substrate.
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~ substrate. In yet another enbodi nent, a manifold for use in preparing a
~wafer surface is provided. The manifold includes a first process wi ndow in
a first portion of the manifold being configured generate a first fluid
-neni scus. on the wafer surface. The manifold 10 further includes a second
process w ndow i na second portion of the manifold belng configured to
generate a second fluid neniscus on "§he wafer surface.” The advant ages of
the present invention are nunerous. Mbst notably, the apparatuses and
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as corqubsimlwvlth ot her cl eani ng -and drying techniques. In addi tion, the
present invention may utilize application of an isopropyl alcohol (I PA)
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and drspniigwed jageneraty p seeomd finid meaisspeer the WaersiIfass evacuates fluid from
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enables the improved drying and cleaning through the use of vacuum fiuid removal in.

-conjunction with fluid input. The pressures generated on a fluid film at the wafer surface
'_ -by the aforementioned forces enable optimal remoiral of fluid at t'he'wa-fer‘ surface with a
20  significant reduction in remaining contamination as compared with other cleaning and -
dijzing techniques. | o
In additidn, the present invention may utilize application of an isopropyi alcohol
(IPA) vapor and detenized water towards a wafer surface along with generationof a
vacuum near the wafer surface at substantially the same time. This énables both the
25 géneration and intelligent control of a meniscus and the reduction of water surfape.tension
| along a deionized water interface and therefore ehables optimal removal of fluids from the
wafer surface without leaving contaminants. The meniscus generated by iﬁput of IPA,
I_)IW 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




waf er transport time 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 10 apparatuses. Therefore, the present .
i nvention may be incorporated into any suitable variety of systens. to make
waf er processing nore-efficient and_gost effective. is Qther aspects and
advant ages of the present invention wll becone apparent from the .

‘follow ng detail ed description, taken in conjunction with the acconpanying
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enbod; YRR giPpfiins Beiahee e prpiaioct arfym e od BB R A
T ustipatd gﬁaeex%?g gaha%%&ggﬁ ma%awm roea@ingprom mity.

e e di ment of t

“heads i.n accordance W th on he present invention. Figure 3B

o Illmstappmalsas sThI@refme\xh@presm imechton olaydei mgaramat&ﬂriylt(r@ysspﬁaﬁm with dual

pr oxi maﬁy S‘#ads I n acca&P ce wi th one enhodi nen r“'ﬁh resent I nventi on.
Fi gur HENHSWECmS o f SProcessipg mare gkfgiend and goghefertive-sy st em whi ch
“includes nultiple proximty heads for a particul ar surface of the wafer in

~accor dance Qihenagsetsend advantases of thamgesntuwantionwilhbresmne :rnpgrﬁﬂé 28 shows a
' S' de \ﬂlg %lﬁn’vrﬂg ﬁet\ﬁﬁ&? Eles%hségﬂ, Q&eﬁqg cgﬁﬁh&gor? %‘Iﬁl?ﬁé X\‘Q:'oﬁﬂ)an}ang drawmgs

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

15 ' BRIEF DESCRIPTION OF TI{E DRAW]NGS

The present mventlon W111 be readily understood by the following detailed
. descnptlon in conjunction with the accompanying drawmgs To facilitate this descnptlon, '

like reference numerals designate like structural elements.
Figure 1 'illustrates movement of cleaning fluids oﬁ a wafer during an SRD drying
20 proceés. -

Figure 2A shows a wafer cleaning and drying system in accordance W‘iﬁl one

embodiment of the present invention.

F _igure 2B shows an altemate view of the wafer cleaning and drying system in

accordance with one embodiment of present invention.

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

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

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

system in accordance with one embodiment of the present invention. .




includes nmultiple proximty heads for a particular surface of the wafer in
accordance with 10 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 horizontal configuration which extends across a dianeter of the"
wafer 108 in accordance with one enpodiment of the present invention.

" Figure 5B shows a side view of a wafer cleaning and drying systemw th the

15 proximty heads in a horizontal configuration. which extends across a

Svont on. " Ellfs YRious s 60 AR AL RIRI LI RS sl il

Wi th' t.8eal ppeximityileyddinadcoriinca with biexihbddinent ke pidsent iMbdntion) s conf i gur ed

. to clean and/or dry the " wafer that is statlonary |n accordance with one

- - shown in Flg.ure

. “enbodi nent nglﬁ@?BE’l‘I@%‘ﬁ&Easﬂié%WQTtheagai%foé ﬁa‘nﬁi%t}i'd%l of a
waf er “cl eani ng and drying systemwth the r axi mty he s I'n a horizontal

confi g];foaunmy\heﬁdscmamrdmné withroad ettbodireent cﬁﬂwpmsam;nvtehbon wafer that is
stationary in accordance with one enbodi nent of the présent invention.

Figure S5E sHipuge 4Asheies ﬂttﬁﬂh&ﬁ'o@fa\w&ﬁrciéérﬂﬂ@ SeeinghiRpshcadesi t h t he
. proximt heads in a vertical .configuration enabled to clean and/or dry the
" “waf er lg proxigmity heads rferrﬂypqrhadebw&ﬁﬂ@éﬂwmf%wcémem ithoBe the

- presej émfa&ﬁ%@éf%eg eﬁ{g@ows an alternate side view of a wafer

cl eaning -an ryi-ng sy i's shi fted 90 degrees fromthe side vi ew
esent

n.accqrdance th on nt ~of the
~_invention. ¥ %ﬁ*&%@%‘ ngwaotitﬁ% Isg%fﬁﬁ“n‘&h‘gﬁd drying
“Syst engWnbibs ﬁultﬁﬁ@ﬁo’ﬂtﬁﬂy head o ﬁarBQﬁl aﬂﬁek of QS B dcRBrthiSRRXT ends

_‘across a radi us of 'the wafer in ‘accordance w-th one ‘enbodi nent of the

priés e mone emtediment. of Rheypresenb fvehidews a si de vi ew of a wafer cleaning and
drying systemw th the proxinity heads and in a horizontal configuration

_whi ch 'exterﬁgu&csmssovesampi\ﬁavefawerm ﬁm&@ﬁ@@@ﬂ&ﬁﬁwﬂﬂah one
enbodi ment of the present inventiagn. ure 6A shows a proxinmty head

i nl et /RBAXIOEEY Wéﬁﬁépﬂéw%eﬂmbenmm QlétandsOacreqseéhaIaﬁer afthetraderpafer in

accor B%I% 9{189 mﬂ& ntion. Figure 6B shows

~anot hcejlr%%prom m head ch% (E 1:3% lgtp%‘ééhnq ﬁat' maybe 10 utilized to
clean and. ey, L, LY, LA, 965% aa@gewea&ngagd TR vilh e Presen

‘ 1_5. proxmuty 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 cleamng and dxymg system with the
| -proxnmty headsina honzontal configuration which is configured to clean and/or dry the

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

20 Figure 5D shows a side view of a wefer 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 5E shows a side view of a wafer cleaning and drymg system with the
proximity heads in a vertical configuration enabled to clean and/or dry the wafer that is

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

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

embodiment of the present invention.




. invention. Figure 6C shows a further proximty head inlet/outlet
“.orientation that may be wutilized to clean and dry the wafer in accordance
wi t h -one enbodi ment of the present invention. 15 Figure 6D illustrates a
preferabl e enbodi nent of a wafer drying process that may be conducted by a
- proximty head in accordance with one enbodi nent of the present invention.

“Figure 6E shows another wafer drying”process using another source
inlet/outlet orientation that nay be conducted by a proximty head in

-accordance wth O ' 20 enbodi ment he.present. i nvention. Figure 6F

" shows anot hl\é\{:g"rseou g‘é“.’sn‘ttg’f’ Véﬁ‘ﬁ%ﬁﬁ%ﬁ%ﬁ“@?ﬁ%@%ﬁ%ﬁ@ﬂ%ﬁdi tional

. SOUr Ceprawinhif hdilin R BoHdrdthIZRMAERratioR Whid eabitlislacRi3ah riditis 6f the wage@h dance
- With one: enbodi nent of the present invention. Figure 7A illustrates a

~ pr oxi raceqrdaaceowvith end embodigent of the pgeseptinxeitom. i n accordance 25 with one
~enbodi ment of the present invention. Figure 7B shows a top view of a
~_portion of RigmredSH shidws hisidel view oo aaftarianingtahd dovieg sysban witithe of t he
present invention. -10 Figure 7C illustrates a proximty head with angled
sodr cPIPRIMEREhesds angd in ahiprizontpl gonfigurpiemvhich exiends agperahdiugiof theoone

enbodi in CF% nd o7 Bhe 4 t;gmegp%bqlgi egﬁzlpeddohystrat es a proximty

- head w ang .source I nl'ets an source outlets performng a
drying operation jn accordanc i t nbodi pent _of th rese

venti on. ReyhA S porratcbead ol pulPaenfop S04 R o EEAR s for use
N a Qiéin MATdRy HeWdfBCR deb&abhdiOw il On eXbOdintehs bk phesRACRVERIIE W th one
~enbodi nent of the present invention. Figure 8B shows the proximty heads

., in a dual : 6?&% Ml ﬁﬁ £ Vi Leem i ~cprdance with

. one enbodi Vrr%%?co t}{?g%%%lg{ggﬁpil nve %e%%ﬂl%ﬁ:ﬁl%ﬁo@eﬁ%ﬁﬂu% rlg{ egéa processi ng
wil 0d owitilized toceledealairyitiicwafee ireadvodd i 8 withf onelehtbodimat of thepresit on. - Fi gure
9B il l,ustrates a substantially circular processing w ndow i n- accordance

Wi t h mvention. : : 7 _ |

Figure 6C shows a further proximity head inlet/outlet orientation that méy be
utilized to clean and dry the wafer in accordance with one embodiment of the present
invention. ‘

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

.invention.

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

'20  embodiment of the present invention.

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

embodiment of the present invention.
Figuré 7A illustrates a proximity head perfonniﬁg a drying operation in accordance
25 with one embodiment of the present invention. '
- Figure 7B shows a top view of a portidn of a proximity head in accordance with

one embodiment of the present invention.




one enbodi nent” of the present invention. .15 Figure 9Cillustrates a

- processing W ndow i n accordance wi th one enbodi nent of the present
invention. Figure 9D illustrates a processi ng wi ndow i n accordance with one.
enbodi ment of the present invention. Figure | QA shows an exenplary process
window with the plurality of source inlets 20 and as well as the plurality
. .of source outlets in accordance w thli%ne enmbodi ment of the present
-invention. Figure | OB shows -processing regions of -a proximty head in
Laccordance wi th one enbodi nent _of the resent invention._ Figure 11 A shows

~a top vi ewE‘lg“@'H?d%iSﬁﬁatef apseimifythead vwa ledsputce yulels peHREMINGA 25 shape
|1 eGS0 SRR PO S d Sl o, 7 our 135

cil Iust e VIew 0 e proxim | n accordance with one

- enbodi nent g esent invention re.11C shows a rear .vi of t

© " proxim ty hg‘ﬁﬂ‘p‘i ﬁé‘é‘tﬁaﬁ?&ﬁd@mﬂ”&?ﬁa Wﬁgwedﬂegﬁ@dﬁpgl@ﬁ?mcﬁventl on.
Figure, &H@?ﬁ&%b Hati5As Abdhanddarit Sle difSd RS SFthepsar Li al
-circul ar ap\epﬁ]i"% accor lig"lce V\nth&%ne enbodi mfnt of the presg%t invention.

Fi dur ein¥@Bionhows a si de Vi ew of the proximty head with a partial
rectangul ar and partial circular shape in accordance with one enbodi nent

- of- the preskihre SW eiisuatts aRidsNiew b theproniiey ladk forewidh didlavafeoxi ni ty

- prese

~head with:a partial rectangular and partial circul ar 'shape in accordance

Wi th owefaeer and dfying eystere seancordapenwith one pogodimens af hegpgscat

- rect aﬁgu?ﬁ}? proxi mty head in accordance with one 10 enbodi nent of the
tion F| gure 13B shows a rear view of the prOX|mty head in

“.accordance Wi odi nent, he p i nvention. Fi 130
i1 ustrat esFlgu%q %‘?ﬁ@lﬁqﬁaﬁﬂﬂ/&%@& o R R A S
enfpodi 3961amwitg\6ﬁeun%¢ﬁ4&tﬁmﬁ estAin9tih. @ T ect angul ar

proxi mty I n accordance wt od| nent of the present invention.

. accordance’

* Figure 148 %Vg%&lﬁus%rate%'aepvrvoeéssﬁlg%&& 0544 RfanBS Rt Do ¥oBBafindt of

the present invention.

Figure 9B illustrates a substantially circular processmg wmdow in accordance with

. one embodiment of the present invention.
15 .' Figure 9C illustrates a-proces_sing window in accordance with one embodiment of
~ the present invention. |
Figure 9D il.lus'trctcs a processing window in accordance with one embodiment of
 the present invention.
- Figure 10A shows aﬁ'excmplary pracess win_dow_ with the plurality of source inlets
20  and as well as the plusality 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 substantiaily rectangular

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

Figure 11B 111ustrates a side view of the proxmnty head in accordance with one

' embodlment of present lIlVCIlthIl




one enbodi nent of the present invention. Figure 14Cillustrates a side view
of the rectangular proximty head in accordance 20 with one enbodi nenttf
present i-nvention. Figure 15A shows a proximty head in operation according
- to one enbodinent of the present invention. Figure 15B illustrates the

- proxinmty head as described in Figuge 15A with |PA input.in accor dance
.with one enbodiment. of the present invention. 25 Figure 15C shows the
proximty head as described in Figure 15B, but with the | PA flow increased
to 24 m/mm gﬁl#,rﬁ% i nvention.
-12.Figure 1@51%?\/\%59%% pr ox%‘?np?gl%ﬁ% ere {I‘ﬁs’w% urd ?r"?etﬁlmgcus i s shown
‘wher e emfbedimaitef thepresinbinventiat.ed i n accordance with one enbodi ment of the
- present invention. Figure 15E shows the proximty head where the fluid
MeNi SCUS’ | Figiie? AMIRWR alfi6ximif Rhd WithRepffalredid@larl @atprtidl kadulahe
~rotation shown in Figure 15D in accordance with -one enbodl ment of the
pr es eshapeingaeordancerviguore aabodimentofithepresent inventiomead where the |1 PA flow
has been increased as conpared to the |'PA flow of Figure 15D in accordance"
wi §h one erﬁigxﬂbrrentshoﬁvstahaiemxese&teprwmﬁtymavﬁtlgaxpauiﬁ;&ctahgﬂarmd op view
of .a cl eani ng/ i ng, system in accordance wi.th one 10 enbodi ment of the
or es e Atk GREeHI hap¢inycerdenes with e smbadimenhaf thy presest jnyentidne
. cl eani ng/ dryl ng systemin accordance w th one enbodi ment -of the present
“i'nvent i on. Higurad@Cishows abatk m@wfahmammpybwhmthgm#@mmaﬂafﬁn@nt end

 he BB bbe s VR S B RRL POR S SRR, o i o

has mul'tipl e vva&ﬁ{rxisgﬂocesm ng .tools iin_accordance wth.one enbodi nent of

" the present'8H§ WS pirgiugulay PEprRty Sieqd ieaccpriees Wity st em wi t hout
tp@ e &%bw%h‘%}g@seﬁﬁ&%%nce with one enbod! nment of the present
g

~invention ure strates a wafer processing system which includes a.
dryi ng nod a_cl eanin dul e i.n ac ordance with.one enbodi nent

of "the prelifire TRBARPYE R e T & BR PO 4R mccaf%gfam B vt er

proc esﬁlbaaﬁnw betdpreRAERIARIEE Wi th

Flgure 13C illustrates a side view of thie proxumty head in accordance with one

embodnnent of present invention.

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

embodlment of the present invention.

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

one embodlment of the present invention.

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

20  with one embodiment-of present invention.

Figure 15A shows a proximity head in operation according to one embodiment of
the preseni invention.
Figure 15B illﬁstrates the proximity head as described in Figure 15A with IPA
-input in accordance with one embodiment of the present invention. |
25 - Figure 15C shows the proximity head as described in Figure 15B, but with the IPA

flow increased to24 ml/min in accordance with one embodiment of the present invention.




one enbodi ment of the-present invention. Figure 22A illustrates a proximty
head begi nning a wafer processing operation where the wafer is scanned
‘vertically in accordance with one enbodi ment of the present 25 invention.
Figure 22B illustrates a wafer processing continuing fromFigure 16A where
- the proximty head has started scanpi.ng the wafer in accordance w th one

- enbodi ment ‘of the present inventidﬁ.f-lS Fi gure 22C shows a continuation
-of a wafer- processing operation fromFigure 16B in accordance with one

enbodi nent Qf t Lese I nvention.. Eigure 22D il ustr f.er
oroogser g B3PS The orlitls Sl i Ao gl KR diferd S
enbodiygret isBeire18tadEin @Bt orllahee Wiltlohe dThtsHHiRertE (B pieBerit itventiber processing
operation continued fromFigure 16D in accordance with one enbodi nent of

~ “the presentg: i ' : i W st ekdinky heads

i tunt od oV PRIt Bwe B Andd RN Pue M MM e oyBh ety
accor dedfegisWelng rotutedefabiedtiham® tic rofatibh eh@we sreFigurenl5Din accordeicdwithroae22G
il'lLustrates a side view of the proxi mty heads during processing of dual

‘suPt acabodimenof jig RieseTf inyeR¥MHance with one enbodi nent of the present

_invention. Figure 23A shows a wafer processing systemwhere the wafer is

- .hel d st at-i dfigurg 15K shows thtgmoximifyttread avherethiedBAflow hat beandngreesed as

et Al e 1S B E5SRRM G . on

- embodi t Rivedt. Present invention. Figure 23C shows a wafer processing

system where. the proximty head extends -about a radius of the wafer .i'n

~.accordance it 1 Qne Qdi ‘ D g ' b QR rdabOWER gD shows a

-waf er procesSi n&gg‘y%@ggn%m%ﬁa%%ﬁ%ﬁm?g%g; ferticall y and the
waber entbodirfentiof tkopresena iiventidrd. h one enbodi-nent - of the present 20 '

invention. Figure 24A shows a proximty head-that may be utilized for

verti c?I 'S qqgrtsﬂerl@moars Nafteihative FeRUABS ERaNhArANE sPiiiAGh BERtdate t he
- present invention. - : : S - , -
- with one embodiment of the present invention. ' '

Figure 17 illustrates a wafer processing system with frou; end frame assembly with -
‘adrying module in accordance with one embodiment of the present invention.
15 Figure 18 shows a wafer processing system which has multiple wafer processing

" tools in accordance with one embodiment of the present invention.

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

‘accordance with one embodiment of the present invention.

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

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

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

‘one embodiment of the present invention.
Figure 22A illusﬁétes a proximity head beginning a wafer processing operation
where the wafer is scanned vertically in accordance with one embodiment of the present
25 iﬁvcntion.
Figure 22B illustrates a wafer processing continuing from Figure 16A where the

" proximity head has started scanming the wafer in accordance with one embodiment of the

~ present invention.




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

- enbodi ment of the present invention. 25 Figure 24C shows an isometric view
of the proximty head in accordance with one enbodi ment of the present

i nventi-on. Figure 25A shows a nulti-process w ndow proximty head in
~accordance with one enbodiment of the present invention. -14 Figure 25B
shows a:nmulti-process w ndow proxi n’f’@yhead Wi th three process windows in
accordance with one enbodi nent of the present invention. DETAI LED '

‘DESCRI PTI ON_OF THE, PREFERRED. E NTS An invention.fo hod
appar at uses FIBFE TS HHTHER S P HaTes PrasPBITE Poiu e
fol | oV ke g%éémthgﬁeeﬁHM§om€%é§eﬁtlgeélﬁiolns are set forth |n order to

provi. de a t hor ough understandi ng of 'the present invention. It wil I be

nder st 00d, B iR SIS i e 308 16050 5o

~.I'n ot hggeordmbenitone SRibodHAGIOS Heqsiesent in¥BRtic. | ons -have not been descri bed
in detail in order not to unnecessarily obscure the 10" present invention.

‘Wide this F@ﬁ?@ﬁi@&d%@s%h@%?er §£ers§19§@{3é n&&&&i&m%d %&?F@m@I@jﬁi red
enbodi nents, 7't wll be appreciated t those skilled inthe art upon
r eadi ngc@tcbnpcwﬁhahnagmbsﬂmdtpﬁﬂtame@nanﬂesmmyl ng. the draw ngs wi |
realize various alterations, additions, pernutations and equival ents

thereof It Figutd2ledone am@ﬁdwobﬂthaprdthtpheamimme&em the tdbpartioh udes al |
‘such-alterations, additions, per rrut ations, and equivalents as fall within

“the trefthsyesticellypesitiensdavaler mrascordansn wish onrrghpdimentof hepsembD bel ow
il ust{j11 %Stéerrbodl ments of an exerrpl ary wafer processing system It should
- be appre %d that the systemis exerrpl ary, and that any other suitable

t f hat | d t of th R t d
28 nto ci oSt g3 Aot aSHE Ve o CHagomEaRt Mats SAog RRE B RS ont o

- shown, irhges Bf B Wk in a%rmem SRYVéEbdtifheht SYARE pledditiRventiom a cent er
~portion-of the wafer to the - edge of the wafer. ? should be appreci at ed

t hat . ot her Ry (s}, nmove in
~a linear fag{gag glrln%&%ne g%?g%dfeg éggﬁ%gﬁe{)é%%o %d;metrl ally
-opposr:t@oﬁiigeewithtoheemb&imcmbfﬂidjﬁésdnohwlenmmr rmverrents maybe utilized

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

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

Figure 23C shows a wafer processing system Whére,the 'proximity head extends
- about a radius of the wafer in accordance with one embodiment of the present invention.
Figure 23D shows a wafer processing system where the proximity head moves
vertically and the wafer rotates in accordance with one embodiment of the present
20 invention. |
- Figure 24A shows a proximity head that may be utilized for vertical scanning of a

‘wafer in accordance with one embodiment of the present invention.

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

. embodiment of the present invéntion.
25 - Figure 24C shows an isometric view of the proximity head in accordance with one
embodiment of the present invention.

Figure 25A shows a Iﬁulti-proccss window proximity head in accordance with one

embodiment of the present invention.




25 such as, for exanple, in a radial nmotion, in a spiral notion, in a

" zig-zag notion, etc. In addition, in one enbodinent, the wafer may be
rotated and the proximty head nmoved in a |inear fashion so the proximty
- head may process all portions of the wafer. It should also be understood
~that ot her enbodi nents nay be utilized where the wafer is not rotated . but
the proximity head is configured t o Hove over the wafer in a fashion that. -
enabl es 30 processing of all -portions of the wafer. In addition, the

‘proximty .ad ) thexfs\c/}iarfEl Hl%gﬁﬁ%l eani and %M&a&yﬁfe@% %§scr| bed-

herein nay Sl z€e Substrates

such agfqr, s%aena c@@@mmﬂe%{b%ﬁﬁne&%@mr@@hﬁn%nﬁéﬁt panel's, etc.. The

- waf er eani ng and drying system nay be utilized for -ei ther or
bot h. cI eani nmand r -t he_w ' ation of the

-system Figu i A F3te

~accordance wi'th one enbodl ment  of the present |nvent|on The system 100

i ncl udes r oAhdneentiog for riethbds amkpprotesesfircicaning and/er AL RIAEES a waf er to

- fer, sur S to eered The syste oxi mty

hegg ﬁsegnin i‘l?%%ﬁf’ﬁ'gfg SSEIRA Qmﬂa“ﬁ'éﬂwﬁg %t%g‘cf% Ss%t f(?%oﬂgﬁ&ﬁ%er arm
(104a. a@%m%fa LoRYR linddrSadift of BRIREhY Rivitiol Gt WRIPBE uaderstboda and the . 10
|l ower "arm 10 are part of a proximty head carrier assenbly 104 which

*_enabl elsoveavies thyrunieaif loydihanyeskill mhem;mabhepmemmwynﬁémmqw and 106b
" -along a.yadius of -waf er nt the OXI ead carrier
-assenb ‘1‘5&°‘i”§°66h1°? sap%ﬁ%@?tﬂ[fs tlﬁé" 3&5! cfﬁ%% :aéﬁéove t he waf er
- and t%eﬂ{t%h Eh&%n&%én S0RPiLDE P thill $ YRAELAOLHH unﬂ&esé.a@ngeowmmt y to the
~wafer. 'Thi's may be acconplished by having the upper arm 104a and the | ower
arl lq&bsdneinmnad!ne in a vertical manner so once the proxi mty heads are
- noved horizontally into a location to start wafer processing, the proximty
heads 106a wiile tAi9Glivention has bevnattsvdbdd inatring dfgeverplysiefared i n cl ose

proximty to the wafer. The upper arm _104a and the | owgr arm 10%rraybe
conf i gt mﬁ#}“ﬁ“l"?&ﬁp@c\ﬂﬁﬁ@@f @ﬂ@%@lﬁ@l%ﬂi‘?mﬁﬁpﬁ‘ééﬁmﬁ)‘éﬁpﬁ B6b can’

* . be nove houl d be
-appreC| gfiﬁgaﬁﬂrgs%n ? e &S{sgt %ﬁ%a%lgﬁacon %r&éﬁ%%lt?ﬁdi%ﬁﬁ asdltﬁt%ogfs’ﬁ e manner as -
| ong qserﬁm&tﬂaﬁ@mmmvﬁaﬁd&&)cdmyt itsehefefoedlmmdeﬂdmﬂpepocsmtwmt}om he waf er

to generate and control a meniscus as dlscuased b ce to
Filgur einciades #lt sasraligptions, adgiiomsPATRAIOES. AR EAYLY ﬁ}fr oximty

Y byt ARbfe 8F Bk HGibhOM the

Figures 2A through 2D below illustrate embodimerits of an exemplary wafer

7 processmg system. It should be appreciated that the system is exemplary, and that any
other suitable type of configuration that would enable movement of the proxmnty head(sy
20 mto, 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
tthe proximity head(s) move in a linear fashion from one edge of the wafer to another
diametrically opposite edge of the wafef,"or other non—l_ineér movements may be utilized
25  such as, for example, in a radial motion, in a spiral motion; in a zig-zag motion, etc. In
_- addition, in one embodiment, the wafer may be rotated and the proximity_head moved in a
linear fashion so the proximity head may process all portions of the wafer. It should aiso
be understood that other embodiments may be utilized where the wafer is not rotated but
the profxiniily head is.configured to move over the wafer in a fashion that,. cnables

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




25 wafer as long as a nmeniscus as discussed in further reference to Figure

6D through 8B may be maintained. In one enbodiment, the proximty heads

_.106a and 106b (as well as any other proxinmty head described herein) may

each be noved to between about 0.1 mmto about 10 mmfromthe wafer to
initiate wafer processing operation§ In a preferable enbodi nent, the

- proximty heads 106a and 106b (as ﬁe?[ as any other proximty head 30

~described herein) nmay each be noved to between about 0.5 mmto about 4.5 mMm

fromthe -16 Ok i L i in nore
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ot her - 43 @itievf sibstatsd st6ts 8¢ fob egarhisle £200) mniRifeps 300 wefl wafers iy pantlsyym f rom t he.
wafer to initiate wafer qErocessi ng operations. Figure 2B shows an alternate
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-t he cdif0@tsogrclpdes praxignity heads L0Gappd HI0bthet, ipgne,embadimpef, prg 2FachsdRr st ood
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mdY bdowérd drizHdbsise para of a proximita fipddcarfier &semblyliH44vhibh efisblest c. The
proxi mty heads, 106a and/or 106b of the wafer cleaning and dryi. system
- 100 maybdantisllydingarymeyempens of the praxigpitshesds 1962 %Wﬁb@g?n& %Pd&%éﬁ%ree, any of
~the Q{)a?- i mty heads as described herein. The different configurations
"~ described herein generate a fluid neniscus between the proximty head and

 the wafer. ;The flyi i . Ry b od across i he waf Gl d
dry ¢ e wadBPRs BTN PR D A e r o 10 B BeaioBdine  he

f1 ui dshd profinkibEheudr 1086 @bovid Rk & a¥értandithe pfox@xityhbad PesliseldW Bee walr inl06b can
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moved horizontally into a location to start wafer processing, the proximity heads 106a and

* 106b can be moiied vertically to a position in close proximity to the wafer. ‘The upper arm
104a and the lower arm 104b may be configured in aily suitable way so the proximity
.20- - heads 106a énd 166b can be moved to enai)lc 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) Iflay be moved in close proximity to the wafer to generate
and control a meniscus as discussed below in reference to Figures 6D through 8B. It
should also be understood that close proximity may be any suitable distance from the
25  walfer as long as a meniscus as discussed in further reference to Figure 6D through 8B may
- be maintained. In one embodiment, the proximity heads 106a and 106b (as well as any |
other proximity head described herein) may each be moved to between about 0.1 mm to
about 10 mm from the wafer to initiate wafer processing operations. In a preferable
embodiment, the proximity heads 106a and 106b (as well as any other proximity head
| 30  described herein) may each be moved to between about 0.5 mm to about 4.5 mm from the
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the bottom surface of the wafer. 25 In addition, besides cleaning or drying
both the top -and bottom surfaces and of the wafer, the system 100 may 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
shoul d be appreciated that the syst 100 may utilize the application of
‘different chemicals top and bottomin the proxinty heads 106a and 106b
respectively depending on 30 the operatlon desired. The proximty heads can

‘be conf r QﬁFM{ in addition

to cl eam ngq%rt\%%o‘%g @(}é&gm%&ﬁ?%agsnp glogg%ﬁ%lé)%m ta‘l'hl S can be:
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proximty heads. -5 Figure 2C illustrates a side close-up view of the wafer
wi th one
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to a portion of the wafer 108 that is to be cleaned .of dried. In one"
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or a counterclock 5 di rec on dependi ng on.th fe t.ion desired.
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proxi mty heads 6a and 1066 rough e rotation of waf er 108.°
The dsysteny 100 mabfedﬂmhmrsertaiﬂcsueldrsmge asshcwnby,cbeebiﬂmpla;adymﬁhc one of the
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generate a fluid meniscus between the proximity head and the wafer. The fluid meniscus

may be moved across the wafcr to clean and dry the wafer by appiyl_ng fluid to the ‘wafer
20  surface and removing the fluids from the surface. Therefore, the proxiﬁiity heads 1062 and
1 06b can.have any numerous types of configurations as shown herein or othef '
ponﬁgurations that enable the processes described herein. It shbuid élso be appreciated
that the system 100 may clean and dry one surface of the wafer or both the top surface and

the bottom surface of the wafer.

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

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




a center region to the edge region of the.wafer 108 in a spiral novenent as
a drying 25 operation progresses. In a preferable enbodinent, the dry are
of the wafer 108 would nove around the wafer 108 and the wafer 108 woul d
be dry in one rotation (if the length of the proximty heads 106a and 106b
are at least a radius of the wafer 108) By changing the configuration of

- the system 100 -and the orientation ‘df-and nmovenent of the proximty head

'106a and/or the proxinity head 106b, the dryi ng nmovenent nmay be changed to
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orientation. It should be appreciated t hat”-ot her types of . orientations such

‘as | Pty acellarand 109y The motler 2022 may alsmbepatatdly its ewn spipdlsdast i | zed

dependi.ng .on..t he frer pr es Si I, e eani ng
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intelligently and powerfully generate, control, and nove the nmeniscus 20
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n t he .| PA v I nl e vacuum e arranged
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_ ex amol #hparted 3 9hd Wafer 108 b ehd BhersaRE, 102beind 102R serves to move a wgfer area

' that has not been processed into close proxirnity to the proximity heads 106a and 106b.

HoWever, the rotation itself does not dry the wafer or move fluid on the wafer surfaees
. towards the edge of the wafef. Therefore, in'an exemplary drying operation, the wet areas
, 20 of the wafer would be presented to the prdxilhity heads 106a and 106b through both the
| linear motion of the preximity_ heads 106a and 106b and through the rotation of the wafer
108. The drying or cleaning operation itself is conducted by at least one of the proximity
heads. Consequently, in one embodiment, a dry area of the wafer 108 would expand from
a center region to the edge region of the wafer 108 in a spiral movement as a drying
25  operation progresses. In a preferable embodiment,_ the dry are of the wafer 108 would
move around the wafer 108 and the wafer 1-0 8 would be dry in one rotation af 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 drymg movement may be changed to
© 30 accommodate nearly any suitable type of drying path. | |




- vacuum outlet, and the DIWinlet, in an additional enbodiment, there may be
~additional sets of |PA vapor outlets, DIWinlets and/or vacuumoutlets

- dependi ng on the 25. configuration of the proximty head desired.

Ther ef ore, anot her enbodi ment nmay utilize an |IPA-vacuum DI WD Wvacuum | PA
or other exenplary embodiments with,an TPA source inlet, vacuumsource.
outlet, and DIWsource inlet confi gurat ions are descri bed herein with a
preferabl e enbodi nent bei ng descri bed |n reference to Figure 6D. It should-
be apprecia E BJE#H{ L8 1
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enbodi rrent of the present invention. In this 10 enbodi.ment ;- the pr oxi mty
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,_source inl ets and a vacuum source outlet(s) to generate wafer processing

meni scumssble withavaterct with. the wafer 108 15 which are capabl e of renoving
“fluids froma top surface 108a and a bottom surface. 108b. The wafer -
~ processing hmnesamlmd[mgntbﬁegehestamedPArvapoanmarbamto thieaat l;hestocmept ions in

f to Fi 6. t.h h 9B | PA W tted t
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applied in close proximty to 0O wafer surtfaCe to output the |PA vapor,
t he DI IRA-BW-vdvaufo, DIWSsvaduam- H#y, vasuwn-1RAWBRIW| etcsmay &celtﬂllzod depsndingbe
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.. sought to be enhanced: In a preferable embodiment, the IPA-vacuum—DIW orientation.

‘may be utilized to mtelhgently and powerfully gencrate control, and move the meniscus
20 located between a proximity head and a wafer to clean and dry wafers. The DIW inlets,
t_hc IPA vapor inlets, and the vacuum outléts may be arranged in any suitable manner if the
above orientation 1s maintained. ' For éxé.mple, in addition to the ]PA vapor inlet, the -
vacuum outlet, and the DIW inlet, in an additional embodiment, there may be additional
sets of IPA vapor outlets, DIW inlets and/or vacuum outlets depending on the
25 .configuration of the proximity head desired. Therefore, anbther embodiment may utilize
- an TPA-vacuum-DIW-DIW-vacuum-IPA or other exeﬁpiay embodiments with an IPA
“-source nlet, vacuum source outlet, and DIW source inlet configurations are described:
‘herein with a prefefable embodiment being described in reference to F_igure 6D. Tt should
be appreciated that the exact configuration of the IPA-vacuum-DIW orientation may be
30  wvaried depending on the application. For example, the disfance between the IPA input,

vecuum, 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.
exanple, nitrogen, any suitable al cohol vapor, organic conpounds, hexanol,
—ethyl glycol, etc. that may be miscible with water. The portion of the. DIW
that is in the region between the 25 proximty head and the wafer is the
meni scus. It shoul d be appreciated that as used herein, the term "output”

~can refer to the renoval of fluid from a regl on betvveen the wafer 108 and

a partlcul ar proximty head, and the term"input" can be the introduction
of fl yj; L&t PRE Hah el t ivakingh, AH0Xi m ty
head. In anot er exenplary e n&’jlﬁﬁ;ent eﬁég%}%g%jtj?ﬁ%hds 106a and 106b
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- -prefeﬂ@{,&%&gﬁg gent, . when the proximty heads are larger in length than
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~a radius waf er, the prOXI mty heads 106a and 106b may be noved over

‘the entire surface of the vvaf n one.rotation. I anot h enbodi nent, the
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-108a and/ or 108b. nay be processed. In yet . another enbodi nent,
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reference to F res 2A the er arm 104a v,n%hﬁ}e c%g] red to
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proxi mty hea 106a froma center portlon of the wafer 108 towards the
edge dihetvraferpabenssing gndniscas mauzbbgﬂnﬁateﬂyn beovedanceagth the des@iptionnirequent |y,

Jino "€ el[gf)lgéj {or?igufes %sthrtou B’gf\%ere ?i?A vapor and DIW are inputted into the regxon :
between the wafer 108 and the proximity heads 106a and 106b. At substantially the same

time the IPA and DIW is inputted, a vacuum may be applied in close proximity to the '

20 wafer surface to output the IPA vapor, the DIW, arid the fiuids 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 regien between the

25  proximity head and the wafer is the meniscus. It should be appreciated that as used’

herein, the term "output"-can refer to the remeval of ﬂuid from a region between the wafer
108 and a particular proximity head, and the tenn 'input” can be the introduction of ﬂuld
to the region between the wafer 108 and the particular proxmnty head.

| ~ In another exemplary embodiment, the proxmnty heads 106a and 106b may be
30 movedina manner so all parts of the wafer 108 are cleaned, dried, or both without the




. enbodi

nmoves as shown byrotation 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 8.
Therefore, the proximty head 106a may dry the wafer 25 108 in a
substantially spiral path over the wafer 108. |In another enbodi nent as
shown i.n reference to Figure 3B, t1re may be a second proxi mty head
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~apH! yi gty asposs das wates 48 ﬁ%ﬁlépmémﬂs agascl 08 é&r?ﬁ’é‘@maa the bottom

sur f ac e ot i 6 one
m%s &E In\(?ét %Ottﬁ%g I%?Oo‘%ﬁm bmw ads Jf%éaghggg&f%%gwﬁgﬁgﬁcg% 100 may

~dry a E@Qrdﬁﬂl\ﬂ&ﬁegh $H theslse mthmed4Eossazmdﬁy cbnnmseﬂit&remmﬁgmnms wher e
-+ the 15 Prommty heads 106a and 106b (ﬁﬁe at least a raid f the wafer in
- | engt hot thayderil ng@a}wuqmedanmp Jngm qrozazapn-olBe Mt ds. 1t should

be un%‘rg W odrving or cleaning tine maybe decreased by increasing
the s al I'ch the prOXI mty heads -106a and 106b travels fromthe

SRSl ont | PEnfE8no0E 216 L5 AHEERE 0§88 Rlaninkiha ddu@3gidR00

faster wxmhﬁrpraﬁmﬁle} Rédde rih héroftancé hi@th\/@fe%mblﬁﬁnem dfespies¢nt inventipet anot her
enbodi nént, the rotati.on. of the wafer 108 and the novenent_ of the

~ proxi mktsgiesc@ézaé ahgedngnirange ks Figprs 24djq 2P edeupper arm 104a may be -

- conﬁgured to move and hold the proximity head 1063 ma position in close proxumty over

the wafer 108. The upper arm 104a may also be configured to move the proximity head

o 20 106a from a center portion of the wafer 108 towards the edge of the wafe_zr i08ina

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

25 108 in a substantially spiral path over the wafer 108. In another embodiment as shown'in
reference to Figure 3B, there maybe a second proximity head located below the wafer 108
to remove a fluid ﬁlmﬁ‘om 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 acéorda_nce with one embodiment of the present invention. In this

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




- conjunction to obtain-an optinmal drying/cleaning speed. In one enbodi nent,
~the proxinmty heads 106a and 106b may nove linearly froma centeéer region.
of the wafer 108 to the edge of the wafer 108 at between about 0 nmm per
second to about 50 nm per 25. second Figure 4A shows a top view of a wafer
cl eaning and drying system 100-1 whi.gh includes nmultiple proximty heads
for a particular surface of the waf€r 108 in accordance with onhe -
enbodi ment of the present invention. In this enbodinment, the system 100-1
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“the system 100-1, the proxinity heads 106a-1 and 106a-2 (as well as 1066-1
and 10®m 209 may spfatgibe milerobfiZe.tG2e and) 1 Qdcasspestively. Thisimatptionebithet ed) wor k
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~halg 5w9fcr‘lb$rﬂa&'&pr%@%ﬁi@ﬂié,pr&aﬂnﬁ?q{eﬁaé 0062 Mdl 106bibedYRigendR8 is . -

rot at ed, 1-hehglr oxi mty heads 106a-1, 106a-2, 1066-1, and 106b-2 start
pr oc eseleanng. hin angfebodiBenicwhile the wafor E08 isbetngaotajs dre proginzifithagds e out war d

RS el 18R e S Sose Boxii? o RS AR e LR 108 BRI e
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- of the wafer 108. 10 Therefore, with the |1 near novenment of the proximty
‘heads ihG6elode progidaityto thoeiafer,108,the wal@hirgingrod cldaninganay bobrgunmbvenent of

b et R O A R S B L0,

e”bOd'tgsﬁgiplyihé‘ﬁ'&,ﬂ%ﬁdﬁé&’wﬂ@@ﬁﬁ!'aﬂ&ﬁﬁm]to%ﬂéjto]a%ﬁaéqmm%‘lﬁ&bm sEfasessi ng the
- wafer I08 and after they have noved away fromthe center region of the 15
waf er the&vaferHd8ss drsombey itheedetencedodtigurgréd. | Obb-2 nay be noved into pl ace
~in. the center region of the wafer 108 to augnent .in wafer processing
oper at i ons. Inkdiereaftodamerit sy waigthe proxinasshdads 1 06eamibl06be thtosysteasHd

v or Tt R 2O veta B s an 45 sicnsc: SnpsnencompsRBre PRSIGRG and i yi ng
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I nventfopa walfer rhiyi ise lessthan 8@ sécontiheltsyistdrbelfiderstood that drying or cleaning ,
| time may be decreased by increasing the speed at which the p’roxin’:ﬁty heads 1062 and
106b travels from the center of the wafer 108 to the edge of the wafer 108. In anothcr
embodiment, the proximity heads 106a and 106b may be utilized W1th a faster wafer

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

25 second.

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

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




i ncl udes 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

. “of thelOfg

- 106b-1 and 106b-2 capabl e of processing the bottom surface 108b of the :
- wafer 108.. As in the system 100, the spindles 25 11la and I | Ib along with

aroller arm 109 may rotate the rol Izgrs 102a, 102b, and 102c respectively. -
“-This rotation of the rollers 102x, 2b, and 102c may rotate the wafer 108
'so. substantlally all surfaces of the wafer 108 may brought in close

proxi sé@@%rl 6 rGAthi for
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- 106a- 1106206amd2] 0626@s ivellmdﬂﬁﬁﬂﬁaaﬂ 106Y-2 i op adbottohd mebrmsﬁﬂgasmafer 108
- by -appl yi ng I PA, _deignized water and vacuumto. the top -23 surface and the
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processin gstem described in reference to ure 3A'5 and 3B, the speed
fle 1 062t 0661, magtﬂ@éb-;rsm;amemg tbw%mlesmre@e SEHdIRS {he

.confi e one t he waf er
:-proceg"g{ﬁ%%i@ ?er}%?rlécilg eg)ﬁea\é@g}fﬁ iﬂgﬂrd :’ll%lrll}%(%?g%h;eiﬁ%a er 108 is -
-used tfastdén. IntRisGdy, wﬁmbahonlmzwqibxaﬂfeﬁ @ngimsuaﬁemm:ocessu ng
* speed may be about half of the processing spee when only one proxi mty

 head i ¥8unproximiyyath thepsexigtityheadpsaasgameomss alhpats of thewalerd@Bof a wafer
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-embodi nment, ‘the proximty head 106a-3 is held by an upper arm 104a-3 that

* ext ends a spialdeshion Sonniesentst of the wiferct08t0ghe @dgetcmtlse wafssd0%ent , "t he
proxi nmty head 106a-3 may 15 be noved into a cleaning/drying p03|t|on by a
vertical nﬂuenethbrelﬁbﬁdlmeupphﬂpmxmﬂﬁheads 1062-1tdnd 106bx1i miy stattead 106a- 3 can

be in-a positi n. cl roxim.t toth waf er - 108. ce the
oF o oGRS e et 108 &nd S B ie e thetalveb dram B P ra R Of {08 vt o1
PH8C e S54£B801 0D BedirbRiiRf héhdb ‘i@6§9rahé%69f2 rﬁgﬁbmb%d &9@ £R0 it Mk RembAce.

- Figure 5B shows "a side view of a wafer cleaning and ry| ng system 100-2
Wi th trhgion of the wafer 108 to augment in wafer processing operations. ‘Therefore, the wafer

processmg time may be decreased SIgmﬁcantly by using multlplc proximity heads to

o process a part:cular wafer surface,

Flgure 4B shows a side view of the wafer cleamng and drying system 100-1 which

: 20 includes multlple proxmuty heads for a particular surface of the wafer 108 in accordance
'w1th one embodiment of the present mven_txon., In this embodiment, the system 100-1
inctudes 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. Asin the system 100, the spindles’

25 11laand 111b along with a roller arm 109 may rotate the rollers 102a, 102b, and 102c
respectively. This rotation of the rollers 102a, 102b, and 102¢c may rotate the wafer 108 50
substantially all surfaces of the wafer 108 may brought in close proxmuty to the proximity

heads 1063—1 106a-2, 106b-1, and 106b-2 for wafer processing operations.

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




20 proximty heads 106a-3 and 106b-3 in a horizontal conflguratlon whi ch
- extends across a dianeter of the wafer 108 in accordance with one :

~ -enbodi nent of the present invention. In this enbodinment, the proximty

head 106a-3 and the proximty head 106b-3 both are elongated to be able
to, span the diameter of the wafer 108. In one embodinent, while the wafer

_ 108 is being rotated, the proxinityZleads 106a-3 and 106b-3 are brought to
.close 25 proxinmty of the wafer surfaces 108a and 108b by the top arm 104a

. -and a bottom arm 106b-3 resp ectlvel , Becaus OXI ?Eﬁ‘% Feads 106a- 3
~and. 1%@8396’(@1‘?&’059%39‘?\@ QSSB%W ot ation may

be ne gml? eMtieh 2 waf er
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" the stmm@.@ere@sedmbewm@amzwmft@wmmrﬁguspﬁéo ditthe 0tSt or
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~ vafer Btds ee%iwﬁﬁéﬂ"oﬂ QR pRoxdRYBEAT is ukilik Wﬁérs’iﬁé’i from one edge to
. an oppé)smglwggge It shozl d ge appr eci-at ed tﬁgl; the proxinmty heads 106a-3

ngy or . 106 %ufézy cqggn%%@a eﬁp}dodzmlal e noving.
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- head 1 Int‘o cl ose proxim the wafer .and,” 15 through one
.pass mmsstahhametbeof theSyafei H):Sn/ldrtl;as btwodm]mnartw proxiroity bead I0Gazkayt t he

vvaf er - 108. ure 50 shows a si.de . view of a wafer ani n |ng
. enbewevef W heleruneisrRg Wfly%aﬁasvem%\ﬂ@"%fﬂaﬂ%g ‘%aﬁﬂﬁ%?ﬁ; Zont al
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i's stationary I n accordance wth one embodinent of "t

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

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

_ Figure 5B shows a side view of a wafer cleaning and drying system 100-2 with the
20 prox'ixﬂity heads 106a-3 and 106b-3 in a horizontal configuration which extends acrpss a
diémcter of the wafer 108 in accordance with one embodiment_of the present inv'eiitibn. In
this embodiment, the proximity head 106a-3 énd the proxi_mit)f head 106b-3 both are
elongated to be able to span the diameter of the wafer 108. .In one embodiment, while the
“wafer 108 is being rotated, the proximity heads 106a-3 and .'1 06b-3 are brought to close
25  proximity of the wafer surfaces 108a and 108b by the top arm 104a and a bottom arm
| 106b-3 respectively. Because the proximity heads 106a-3 and 106b-3 extend across the
wafer 108, only half of a full rotation may be needed to clean/dry the wafer 108.

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

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




- 20 present invention. In this enbodinent, the proximty head 106a-3 is i.n a
hori zontal position with the wafer 108 also in a horizontal position. By
.-use of the proximty head 106a-3 and the proximty head 106b-3 that spans -
at least the dianmeter of the wafer 108, the wafer 108 nay be cl eaned
and/or dried in one pass by aning-R%Qxinity.heads 106a-3 and 1066-3 in -
~the direction 121 as discussed in reference to Figure 5C. 25 Figure 5E

~ ‘shows a.side view of .a wafer cleaning and drying system 1004 with the

proxi nj; gggi- 69+ wéﬁﬂiz%gg,- ' ‘ e i ' nabled-to
'cieanmgkéfgr r?aﬂtﬁgﬁaa-er : gnﬁﬁgﬂm?gWgﬁa %%%%&gg%%gg%%gpggﬁge wi th one
enbodisuitableaipé bwhpfee heiding devive sicinas, for eixhinpies aib edigegiy, finjgls witloedgei t y
. heads 106a-3 and 106b-3 are in a vertical:.configuration, and the proxinmty:

- heads attashognispetcs dbs proxamidy beak cageragsamgblyd 04" i qomigureddo be gipvekle ¢ o -
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- ¢l ean Rl die edby td AeopdkRe edddS Tt SHotld e Hiprédiftvd tabthal préxindtycheadsle vi ew of a’

~wafer cleaning and drying system 100 4 that is shifted 90 degrees fromthe

" side viQar3 1G6br3 may be sPvedrams gey shitable manner dieé woulderablamevise the |

- .present i nventdon..lt sho be .eciated that .th rpximty head 10 -
BLERR P ol B Wk Bt i et Ao BEP ARl bBRlict Miel B, Y stich s 1 or

- exanpl énbdiitient the MOxMiB)Mhdili 1106418 Ald/LR tid ROxMHGERRNAY 0684 may glovedsl 180

degrees as conpared wth what is shown in Figure 5F. Fi %ure 5G shows. a top

vi.ew ofiregtigng b21 (d-2aleptg battem or Pottem g tapcof RigeresGhj (Theretprieotienyalfsr head

- 106a-4,40na_horizontal copfiguration-which. exte across,.a rad f the .

15 war W8 R e SRR By ot Rolsian Srste et S e AR B RET on 11
one endhafirtBe broximifty REAII 06bLY ma g atbvkGeR-closwpreXiffitytsiithe waf@wadt han a radi us
of ‘a substrate being processed. In another enbodi nent, the proximty head
‘106a- 4hraugherepass avesthe wafer 128, leapiey thaitep aud/er buffang swf@@eﬁpwafeﬁ a
preferghl e enbodi nent, the proximty head 106a-4 extends over a radius of
. the wafef 108 so the proximty head nmay process both the o

~ Figure 5D sh_oWs 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.anid/o_rjtllry tﬁe wafer 108 -thaf is statibné:y in accordance with one mnbodimeni ofthe
-_ 20  present invention. In this embodiment, the proximity head 106a-3 is in a horizontal
B po-sitim_l \_Vith the wafer: 108 also in a horizontal position. By use of th¢ prdximity head
106a-3 and the prbximity head 106b-3 that spans at least the diameter of the wafer 108, the
wafer 108 may be cleaned and/or dried in one pass by moving proximity heads 106a-3 and
106b-3 in the direction 121 as discussed in reference to Figure 5C.

25 - Figure 5SE shdws a side view -of a wafer cleaning and drying system 100-4 with the
proximity heads 106a-3 and 106b-3 in‘a vertical conﬁ'guration enabled to clean and/or dry
 the wafer 108 that is stationary in accordance with one embodiment of the present
invention. Jn this embodifnent, the proximity heads 106a-3 and 106b-3 are in a vertical
cénﬁguration, and the proximity heads 106a-3 and .106b—3 are configured to move either
30 'from left to right, or from right to left, beginning from a ﬁrgt edge of Vthe wafer 108 to a




20 center point of the wafer 108 as well|l as an edge of the wafer 108 so the
proximty head 106a-4 can cover and process the center point of the wafer
‘and the edge of the wafer. In this enbodinent, the proximty head 106a-4
may be noved into a cleaning/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 proxinmty to the wafer 108256nce the proximty head 106a-4 is in
"25 close proximty to the wafer 108, the wafer processing operation of a
.top surface of the wafer 108 can take place. .Because, i n.gne enbodi nent, -

" the prasond edgeiné the wifenl 0B thatds dipmetacally enpesite9ithe st edgre ThATRIPIS tthe waf er
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.of the wafer 108 .in accordance with. one enbodi nent of  the present
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'pr'_ ximty head 106b- oth are elongated taq b e t. Xt end:over and
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dependiigg £a/dr ey arkedi Rzt desired, the proxinity head 106a 4 nay extend

| ess than a radi'us, exactly a radius, or greater.than a .radius of the -

“waf er 108. wln.Qf i | Yiewldie WakEd @ﬁ,ﬁ% kehpieyl, the

. proximty h%g@%’%é‘gwgg’gng %té;bs\-r@%lrevevdg?oughta?o*c %)]gde p’rox.i-m.'e;- y .of .t he

- waf er 4thaf Bchifted 3Balegreds fiofibthbyidehview epowan in Figrkeb Bximdacottancowithone 106b- 4.

. respectively. Because .in_ one.enbodj men&)-, t he ,p?r-e%i( mt&g hea s-'hlgdﬁaf 4and
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and aniie ptoximaly Beatbcardartastdashle 004" ratytelid 80 idepiczeat ammpared withevhat ool wi t hi n

© a wafer .processing system A cluster tool is an apparatus that nay be

i ncor pBPYPABFigSE: frame assenbly (such as.those discussed in further

detail in reference to Figures 17 through 21 bel ow with other ‘wafer o
“processi ng Hguiefhteshovse tenivigvp pfa waferrodeaning and dringisysten 103 Wi 215 waf er

.processing. onducted in one.system. .Fj A & DLeH.M ty head
et AR e AR s TR BT i PG RIS aBuR T ] 1o
vwaker w48 108 RGResrdantesyith bite &iBodERAtbNBE prabntiReerons dafonei nvention. In
one. enbodi ment, the orientation 117 is a portion of a proximty head 106a
wher e embndimers, ithe proximityhead 206m4 expads Wfaféﬁipﬁﬁ than p sadipnefa %‘315 € outlets
304 n%lxoneg processed. In an(_)ther embodiment, the proximity head 106a-4 may extend the -
" radius of the substrate bemg processed. In a preferable embodiment, _t’l_le.proximity'head '

'106a-4 extends over a radius of the wafer 108 so the proximity head may process both the |

20  center point of the wafer 108 as well as an edge of the wafer 108 so the p;oximity head
1663,—4_can cover and process the center point of the wafer and the édge of the wafe'r; Iti_
-this embodiment, the proximity head 106a-4 may be moved intb 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
25 . close proximity to the wafer 108, the wafer processing operation of a top suffac_:e 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 n a horizontal configuration which extends across a

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




20 utilized in addition to the orientation 117 shown. The orientation 117
~may include a source inlet 306 on a |eading edge 109 with a source outl et
304 in between the source inlet 306 and the source outlet 302. ‘Figure 6B
shows another proximty head inlet/outlet orientation 119 that naybe

- utilized to clean and dry the wafer 108 in accordance with one enbodiment

of the present 25 invention. In one ¥ribodi ment, ‘the orientation 119 is a
portion of a proximty head 106a where other source inlets 302 and 306 in

‘ot ent & ibelel SRHSRRI R Todtd sl bePmeipbihAfd ool A b ot ot 304

on a | ¢lengandl 10deabkDS ewtdnll oFeSAM 5&0hd HRiradil? of theRPIMEE0R. | RS dROWEEE  OUt | et

- 304 and the source inlet 306. -27 Figure 6C shows a further proximty head.
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© ssur f acetatiog maydiemgeded ®dleantdry itlpavafeb@08ppr eci at ed that the wafer. drying .
~ process may be acconplished in substantially the sane way for the bottom
_.suof ace 108bslafuld beuiddreibod Bt atyPoDMe sgtias1 06 100-B 1900, 360i3)100-4302 maybe
utilized to. apply .isopropyl.al cohol (I PA) vapor. toward a top surface 108a

of t hetO0mhrd anysuitahlgvanagbibereot maxbe Bilizedmy asduster toph withing wplst v
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in cl caseniblp Xduch tay those Uiveusyad & fisthet a6l 0rdfeeRctolHiginds Q7 thrdpghi 21t hat may
-located on or near the top surface 108x.. It shoul d be .appreci ated that any
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to clean and dry the wafer 108 in accordance with one embodiimmt of the present

- invention. In one émbodiment, the orientation 117 is aAp'orrticrm. of a proximity head 106a
' where other source inlets 302 and 306 in addition to other source outlets 304_. may be
© 20 utilized in addition fo the orientation 117 shown. The orientation 117 may include a
| source inlet 306 on a leading edge 109 with a source outlet 304 in between the source inlet

306 and the source outlet 302.

Figure 6B shows another proximity head inlet/outlet orientation 119 that may be
utilized to clean and dry the wafer 108 in accordance with one embodiment of the present
25 - invention. Inone embodiment,'the orientation 119 is a portibn' 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 oricntation 119 shown. The orientation 119 may include a
goﬁrce’ outlet 304 on a leading edge 109 with a source inlet 302 in between the source

outlet 304 and the source inlet 306.




| PA-may be in any suitable formsuch as, for exanple, |IPA vapor where | PA
s in vapor form is inputted through use of a N2 gas. Mreover, although D1IW
~is utilized herein, any other suitable fluid may be utilized that may
enabl e or enhance the wafer processing such as, for exanple, water
purified in other ways, cleaning fI_ul"gIs, etc. In one enbodi nent, an | PA 25
~inflow 310 is provided through the source inlet 302, a vacuum 312 maybe
applied through the source-outlet 304 and DIWinflow 314 may be provi ded

t hr ough t he ) | LR ,
1 P vacuum RO sheut ool prot BEATRALS AR RLEREN 121 defaybe o,
uti | i zetilize@os Slear eid diy, thé twafer 108 it addotdiint € slitame @mbolnatfof theiésent. i r st
~fluid pressure may be-applied to the wafer surface by the I PAinflow 310, a
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t he Dispures inlet BOforadeadimg qdge d 09 iwith a saveceTiniet 3A2 imbetwean thesouscs oxfel i ed
"t owar d3‘d4h‘e \ ff}er. s.u_rfﬁ%%ﬂgncount ers the IPA inflow 310. The I PA fornms an-

i nterf aceﬂnfl f%urr ‘ oy as an |PA/DIWinterface 118) with the DIWinflow -

e vacuum 312 assists.in the renpval of the DI'Winflow

314 d.al Wi th.th m: .
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' al Mostinventiadi ltHopgh Figare @ shbwng top sunfabt 108k being Hriedydf souddibé ace by t he

vacuum applied by the source outlet 304. The DIWthat is applied toward the
vaf er %F&yéﬁdd.fézﬁéﬁw&afaf rﬂrocqswaagg apgprplshed i Swsweﬂeo@gweéawoxi mity
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bei ng - pljed toward the surface and bei ng yeppved at su ntially the
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possi bpplt yacoumdo atregion a close proximity tnthictveaforduefacd GBrenidve fhrid os vaper

that may focated on or near the top surface 108a. Tt should be appreciated that any suitable

. c_:dmbination of source inlets and source outlets may be utilized as long as at least one
combination exists where at ledst one of the source inlet 302 is adjacent to at least ohe of
20 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 utilizéd herein, any other
suitable fluid may be utilized that may enable or enhance the wafer processing such as, for
example, water purified in other ways, cleaning fluids, etc. In one embodiment, an IPA
25  inflow 310 is provided through the source inlet 302, a vacuum 312 may be applied through
the source outlet 304 and DIW inflow 314 may be provided through the source inlet 306.
Therefore, an embodiment of the IPA-vacuum-DIW orientation as described above in
reference to Figure 2 is utilized. Consequently, if a fluid film resides on the wafer 108, a
: first fiuid pressure may be applied to the wafer surfaée by the IPA inflow 310, a second
' 30 ﬂmd pressure may be applied to the wafer surface by the DIW inflow 314, and a third fluid




20 (which is caused by the flow rate of the |IPA) of the downward.inj ectidn

" of IPA also hel ps contain the nmeniscus 116. The flow rate of the | PA

assists in causing a shift or a push of water flow out of the . region
between the proxinmty head and the wafer surface and into the source
outlets 304 through which the fl ui gi may be outputted fromthe proximty
head. Therefore, as the IPA 25 and thée DIWis pulled into the source '
outl ets 304, the boundary making up the IPAD W interface 118 is not a
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- from tthewatsadaceit | et 304 pulls the DOW | PA, and the fluid on the wafer

. ~-surface, the flowinto the source outlet 304 is discontinuous. This flow
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- vd6uursfss: DDNg Inspérationthe BIWSis hpplicbiowaed theiwifed suefhce bind alawsenbodi nent, -
the flowrate of the DIWthrough a set of the source.inlets 306 .is. between
“about Bediatelx remoyad opg with glwid on thsowater syséace by the vacupm appliedbythep) e

- enbodi Al . -t hey. g0, et of; . csaurce inlets
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enbodi mepnt a _| arger. head nay, have a greater rate of fluid f]aow than snalle
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vapor appligitgivasd thetsurfhcd fgl tsedng eemoved at substantially the same time with any fluid

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

prevents the forimation of fluid droplets on the region of the wafer surface being dried - |
‘thereby reducing the possibility of contamination drymg on the wafer 108. The preésure
20 (which is caused by the flow rate of the IPA) of the downward injection of IPA also helps-

Sy contain the meniscus 116.

The flow rate of the IPA assists in causing a shift or a pﬁsh 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 proxinﬁty head. Thercfore, as the IPA
25  and the DIW is pulled into the source outlets 304, the boundary making up the IPA/DIW
| “interface 118 is not a; continuous boundary because gas (e.g., air) is being pulled into the

source outlets 304 along with the fluids. In one embddimenf, as the vacuum from the

7 Source_ outlet 304 pulls the DIW, IPA, and the fluid on the w,afer surface, the flow into the |

source outlet 304 is discontinuous. This flow di.scontinixity is analogous to fluid and gaé

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




_ process.. using. anot Yer saurce, |n et /out

inlets 302 is between about | standard cubic feet per hour (SCFH) to about
100 SCFH. In a preferable enbodinment, the IPA flowrate is between about 5
-and 50 SCFM 1In one enbodinent, the flowrate for the vacuum through a set
of the source outlets 304 i's between about 10 standard cubic feet per hour
(SCFH) to about 1250 SCFH. In a preferable embodinent, the flowrate for a
~vacuum.t hough the set of the source outlets 304 is about 350 SCFH. In an
exenpl ary enbodi rrent -a flow rreter may be ut| lized to 25 rreasure the flow
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. ‘orirentat | on
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~waf et - surface and renove romt reby cl eaning

- and drtytuln@dtdepemh:ﬁgaon ﬂlermhﬁgmeﬁusbflmelappaxhi‘mssneﬂhaﬂmﬁﬁﬁrs sizehad shapece i nl et
flow 314 toward the wafer surface 108a, the source inlet
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_--appremated t Inthis nment's of the
~ proxi nvacyuﬂnennﬂeﬂOGa descri bed herein, -additi onal nunbers and types of
s souyrce inlets.and. source outlets may be used in conjunction with the

- orientati onitgholi®e % 1@xeurah9fs§1téiﬁgﬂaﬁcht%%aﬁ%wlﬁ%dff&%8?PR,UDW s 304

shown in Figure 6E. ITn-addition, in thi's embodi nent as well as ot her
- pridxi mndyarweg aséomlthememscwl I¢ovanrte] thaintginede Immcmb@dmmqmb@ﬂom ui ds

ontoth e fac b tol lin he cyum appl.i ed, the
 neni scu% 0%6 Pﬁ%ﬂo &glcf Sﬁﬁ&@Sﬁ?‘Fﬁ? F‘ﬁﬁtsgﬂ% Q%MF é? H’g ?0
exanplbout 3,000 &1 pEPREHUTE Ny, a%ﬁéf rAIE %%b&ﬂnén@ OB R HADN ugh.
decreasi'ng the vacuum 312, outfl ow t hrough the source outlet 304 may be

near | }hemt@ﬂwmetmbtsrsﬂﬁmbmwgmammm«er drshbhld beainderstend thee 108a I'n

~anoth : by decreasi DI W. w 314 an creasing the’
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from.the wafer surface 108a
h - This may occur because larger proxumty heads, in one embodiment, have more

_ source inlets 302 and 306 and source outlets 304 More flow for larger head.

In one embodlment the flow rate of the IPA vapor through a set of the source
_ inlets 302 is between about 1 sta:ndard cublc feet per hour (SCFH) to about 100 SCFH. In
200 a preferable embodunent, the IPA flow ratc 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 cubie feet per hour (SCFI-I) to about 1250 SCFH. In a
preferable embodiment, the flow rate for a vacuum though the set of the source outlets 304
is about 350 SCFH. In an exemplary embodiment, a flow meter may be utilized to
25  measure the flow rate of the IPA, DIW, and the vacuum.

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

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




~ Figure 6F shows another source inlet and outlet orientation where an'
additional source.outlet 307 nay be utilized to input an additional fluid -
in accordance with one enbodinment of -the present invention. The
orientation of inlets and outlets as shown in 20 Figure 6E is the
~orientation described in further defg.l in reference to Figure 6D except
.the additional source outlet 307 is included adjacent to the source.inlet-
306 on a side opposite that of the source outlet 304. In such an
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. 315 h | folhe wafer 108 while at
e W) PR B . o
“Fi gur eodthet BM b it B Rimake Waker shgad 1588, H%h&ﬁiﬁ%raggfécf%{%d e ﬁﬂ%at on in

accordance wi th one enbodi nent of the present | nvent e proximty head
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and/ or, _drying operation. It -
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"~ discussed in ref erence to Figure 6 e gener ure ws a top
vi ew ¢hitablpgranpen Hoir eaalppbxmnewnlﬂﬂﬂhhl&ﬁﬁby mofeegﬂg dﬁlDEW ﬂoﬁrmnne

enbodi f the present entio In the top view of one enbodi nent,
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outlet304, and a setofthe source r and DlWare .
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"1 m)vesth I,LPA and th DIWIongvylthan fluid film that"
- USRI Ee o8t P uche wbsrpalb s Gupbineten SRV Aot o 206,
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of geonetry -such as for 15 exanpl e, circul ar opening, square openi ng, etc.

In one e ”b@‘i%rﬂEBF shéhe aﬁ&Hér%%ufc@llﬁl%is aritPutlet orientation where an addltlonal

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

| emhodnnent of the present invention. The orientation of inlets and outlets as shown i in
20 Figure 6E is the orientation described in further detail in reference to ngure 6D except the
: add:tlonal source outlet 307 is included adjacent to the source inlet 306 on a side oppos;te
that of the source outlet 304. In such an embodiment, DIW may be mputted through the
- source inlet 306 while a different solution such as, for example, a cleaning solution may be
_inputted through the source inlet 307. Therefore, a cleaning solution flow 315 may be

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

Figure 7A illustrates a proxnmty head 106 perforrmng a drying operatlon in
| accordance with one embodiment of the present invention. The proxnmty head 106, m
one embodiment, moves while in close proximity to the top surface 108a of the wafer 108

30  to conduct a cleaning and/or drymg operauon It should be appreciated that the proxumty




and 306 and the source outlets 304 have circul ar openings. Figure 7C ,
il'l'ustrates a proximty head 106 with angl ed source inlets 302" perfornming
~.a drying operation in accordance wi th one enbodi nent of the present
invention. It should be appreciated that the source inlets 302" and 306 and
the source . 20. outlet(s) 304 descg bed herein maybe angled in any
-Suitable way to optim ze the wafer &Ieanlng and/ or drying process. In one
enbodi nent, the angled source inlets 302" that input.lPA vapor onto the

~waf er s angled, t rd.the ce gnle th PA vapor
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Figure 7C illustrates a proxumty head 106 with angled source inlets 302

performing a drying operatlon in accordance with one embodiment of the present
invention. It should be appfeciatéd that the source iillets 302 ﬁnd 306 and tﬁe source
.20 outlet(s) 304 described herein niay be angled in any suitaﬁle way to optimize the wafer
cleanihg and/or drying process. In one embodiment, the angled source inlets 302' that
input IPA vapor onto the wafer 108 is angled toward the source inlets 306 such that the

IPA vapor flow is directed to contain the meniscus 116.

Figure 7D illustrates a proximity head 106 with angled source inlets 302 and
25  angled source outlets 304" performing a dryihg operatidn’ 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 ahgled in any
suitable way to optimize the wafer cleaning and/or drying process.

7 In one embodiment, the angled source mlets 302' that input IPA vapor onto the
i 30 wafer 1081is angled at an angle Osqp toward the source mlets 306 such that the IPA vapor




- present invention. .In this enbodi nent, by .usage of source inlets 302 and
- 306 to input IPA. and DIWrespectively along with the source outlet 304 to
_.provide:-a vacuum the meniscus 116 naybe 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 rean%zDIMIand;to keep the 20 neniscus 116

" ~intact.. As discussed above, in one éibodi nent, the source inlets.302 and

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

whi | e ghe:s .81 ’ ' i | [ : : It shoul-d
. be app?@ggi%ﬁﬁtg@gﬁ?tggﬁ ag ié‘q?g%m%]ﬁ@%%n o;%}%?g@ | |’§%§"e3oz,' o
" . sour Ceembddigict, BOdngladlats@ingR: 055 vardiQhe fnideus U146, It skshid ber exanple, the

. proximty heads 106 and 106b may have a configuration of 25 source inlets

-..respectiv

- be .drie

~ ‘and soppeesiaged that thelangle Gsieand ¢ dnple Q4o D12y be 0y shitablemgle thah wogld:r ence t o
- Figure 7A and 7B. I n addition, in yet nore i ments, the proximty heads
- To8 arertinge e mmetRRtand sApirgl AL Brensics bl tusdte siptiogiepen b o, o |

- Figur ' ' ace ' 210 ' igt h the
o s ooy R P doghint and e Bl O, M MG C BB O " ha
anay fdeppecsand fass fRO®O0 degieek Jhl b §rédBrablonbbidigent, the dligle/04erdbodOB and 106b
~i'n a dual- wafer surface cleaning and drying systemin accordance with one
. embodi dagrees ofdiin angthexpgferably embpdiment, [the amfls anglod el areangle Oopispbet Mty

head 106, ses -the t surface, 108a of, the wafer, 108, and.the ,
. proxi MYJPERESG 106 aBEIS Pere abd B angle Qe adiied iy STt eble EBnGy OIS or 108,

- . By theyui [ A adin@: 1 é’%ﬁ’% DE aiPleGEiel S, nd 306
S %bﬁ%%gﬁg&%ﬁtu?ébgwﬁgm%&% r ?r?foﬁe sog%glgje(r)éﬁﬁ e%ﬁ%tk,@ the
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108 and between the proxi mty head 106b and the wafer 108. The proximty

" heads angbng the anglsd sourcs lalsis)303; and/ereangling tha angladi wureailetEhIRL theer t he

wet. aneas. Qfe.t \ I e 140 ‘ r | Iy A ;,ﬁi[ 108 10 can
_ ' 'b%g&erl%lfé%ér}ge llﬁer%g‘ggr I%_tsgesélgar r%‘%@g g ?aﬁaﬁ\?ﬁr%%gﬁvg% ?lei n-accordance .
- W th cind/orelanihpgthdiurtice beRigipresesdd. i nvention. I n one enbodi nent, the- ,
- processing wi ndow 538-1 may include a plurality of source inlets 302 and

306 and al sEgareld AMIRsirhtés 8Fide Q5w Bf etk niBPeadd 106 RAOT661 foR@swimslow 538- 1
s a region on a proximty head 106 (or any-other .15 proximty head :
r dber alvebwafee swifsee clésaingrangd dywping systemdn decmdancs i withengrembedinent afthe
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- and DIW respectively along with the source outlet 304 to provide a vacuum, the meniscus
- 116 tay be generated. In addition, on the side of the source inlet 306 opposite that of the
source inl'etl 302, there may be a source outlet 304 0 remove DIW and to keep the '
--20-  meniscus 116 intact. As discussed above, in one einbodiment, 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 3 12. 1t should be appreciated that any suitable
configuration of source inlets 302, source outlets 304 and source inlets 306 may be
_utilized'. For example, the proximity heads 106 and 106b may have a configuration of
25 -éourqe 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 referenbe to Figures 9 through 15. Any
~ suitable surface coming into contact with the meniscus 116 may be dried by the Vmov_cment

~ of the meniscus 116 into and away from the surface.




the proximty head 106 is desired to be used in.that manner. In one
enbodi nent, the processing wi ndow 538-1 is a substantially rectangul ar -
shape. It should be appreciated that the size of the processing w ndow
538-1 (or any other suitable processing w ndow 20 descri bed herein) maybe
any suitable length and wdth (as segn fromatop view). Figure 9B
~illustrates a substantially circul ar processing wi ndow 538-2 in~ accordance
with one enbodi nent of the present invention. In one enbodinent, the
processing I ts 302 and
306.'and al so”a %urgl?ﬂfl %#@?&?I%?Qb%ﬁg%e%%gyéﬁg wi ndow

- 538-2 dIé‘mﬁlg’:ﬂ@(ﬁ'ymgrs taﬁmﬁmmkyuaﬁmman&arofﬂwpmanmv@nﬂmm ty head
referenced herein) that may generate and control the neniscus 116.
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accordance with one 30 enbodi nent of the present.invention. In one

enbodubmwpofﬂreevqsu@nmmgwmﬂsmthawml qanaes foredral i ty of -
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ot her anarmwafeno@emep@&ﬁﬁwﬁ@ﬁsh@s%ahom%dwemmeahaum laeptrol the

" nmeniscus 116. Therefore, the processi.ng wi ndow 538-3 nmaybe a reg| on t hat

“dries randb@)m%@cbavﬁsﬂ@cmmasmff thehwafor swafadetiyp an saannens the entitsswaler 199 pe -
; ua(@ i n nner,. In one enbodi nent; the processing w ndow 538-3 is a:
st (fﬁf‘ %ngval in shape. Figure 9D illustrates a processing w ndow '

538-4 in a ordancig’él\é\nth one enbodi e —§)f h re ent i.pvention. In one
_ enbodi nent, CALHY PIRCRIFG 0213’ 3r§ai/ CAWIG i ty=0f source
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processing Wwn "1's a region on the proximty head 106 (or any other
pr oxi mhdyyinkisde aphirelityrofscurhe uﬂeta)SOﬂ laait 3ﬁﬁym@ else raqﬂuraht)doﬁmnmeoiuﬂbtse

"~ meni s¢ 6. Therefore rocessi ng w ndow,5 be a. regl on that
dri es &ﬁd}%‘F PEQGEETE We? 38-{is RSN PRFP?“‘H@%&*“%@E{%I OML4 to be
us d J}ﬁy Hza@&%ené Pfiix'ag%%?ra{e%d%ﬂ&mb ?&n‘ﬂcﬂg‘?% 538-4 is a

square s ape. 15 Fig shows an exenpl ary process w ndow -
538 1 ’llhetdfo:tehélc piroressing yirafovs 538-d enay e er@mﬂmmdmlesaﬁﬂ/tasﬂm b wafer ifie
Phural L AP HLE 31 SRS Be e *Ba{ Rasrer. T ond Bfibodiment, the
processing window 538-1 is a substantially rectangular shape. It should be appremated
that the size of the processmg window 538-1 (or any. other suitable processmg window

20  described herein) may be any suitable length and width- (as seen from a top v1ew)

Figure 9B illustrates a substantially circular processing window -538-2 in
accordance with one embodiment of the present invention. In ohe embodinlent, 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 53.8-2“ is a region on the proximity

25" head 106 (or any other proximity head referenced herein) that may generate and cont'rol. the
meniscus 116. Therefore, the processing window 538-2 may be a region that dnes and/or
7- cleans a wafer if the proximity head 106 is desired to be used in that manner. Inone

‘.embodiment, the processing window 538-2 is a .sul)stanﬁally circular shape.

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

30 embodiment of the present invention. In one enibodimeﬂt, the processing'-vrindovlf 538-3




enbodi nent of the, present invention. In one enbodi nent, the process w ndow
£ 538-1 in operation may be noved in direction 546 across a wafer during,

- for exanple, a wafer drying operation. In such an enbodi ment, a proximty.

- head 106 may encounter fluids on a 20 wafer surface on a | eading edge

- region 548. The | eading edge region;48 is an area of the proximty head

~.106 that, in a drying process, encounters fluids first. Conversely a_

.~ the process w ndow 538-1 inclu

: V't-r'airl ing edge region 560 is an-area of the proxinmty head 106 that
encounhey fcldg aPi&al ﬂeurceﬁﬁgg?%g%h%_% and\ish *a?mraﬁw dPsbrcd Sifletd 06. and

_ herein nove across the wafer in-the
di r ect3GEin Théfrodehangwiindove 3B B it heegiad on tlepréxiadtydead 106 ifer £iy gthescess

. wi ndow 538-1 through the |eading edge region548. Then after_ processing of
"the VISPXMHE leﬁqu?fgrfeﬁeedﬁm@n?%? %@#’eﬂ?ﬁ%@dﬁeﬂ%’é&% THERIFCUS éf){;ener ated and

B e e

- précesthe pioxdinity BaRE 106 fsdesighd ta beruaed iinat magerr, bgonserhbadindent, be. pr oxi ni t y

~210A7 It “shoul d

- head 106. As di.scussed in reference to Figures 9A -35 through 9D, the
_'_.p:rocesl%f_"?ﬁsﬁéém§3'$r§93'5é“1§‘i‘91“§m’t9%11§58%e[ such as, for exanple,
-rectangular, square, circular; oval, sem-circular, etc.. Figure I OB shows
..processi ng Figee dhkillpaatesSa procasaingswindoyf 538-p irvadoerdapchwath g6 i n accor dance
C.with one enbodi nent of the presepnt invention. Ln one enbodi ment.,the 5 -
b oce BGTREH o e niftent iSveBhcs, cions RRAREN, BR SRGATE SN 55 he br oken
| i nes)m#pielude a%ﬂ\ﬁaﬂ%@%ﬁ&ﬂc@&ﬂ%%&%&%@ 88 HES adliralifdfotRedutlesFi gure . .
€ appreciated that the processing regi ons 540, 542, and

. 548 medP4b dhg pyocsssingpiindoyr 538-dnsl vegios b e poximigsheadd06denany atherci r cul ar,

- sddrce 15
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-~ the processing "~ region 540 includes the plurality of source inlets 302, the
- pr ocesh¢ proximiy beads® is desired tibowsediin thatsnsunem i ong embedinwot theie plurality

. of source outlets 304, ,and the prqcessing . .region 544 includes the
pl uralﬂr?‘ifs%f‘gg’blﬁfo%g#ﬁé? §'S'§Efg‘?r8\ YEIWEP@PEbl e enbodi ment, - the regi on. 542
surrounds (Qr. substantially surrounds) the region 544 with.a ring of
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inlets 302 exist on
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embodiment of the present invention. - In one embodiment, the ‘process window 538-1 in

. opération may be moved in direction 546 acros'sra'wafér'_&uriﬂrg, for éxamplc, awafer - -

| drying operation. Tn sﬁch an embodiment, a ptoximity head 106 may encounter fluids on a

._ .20 wafer surfaée on a leading edge i‘egion 548. The léadhg é’dgé region 548 is an area of the

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

25  process window 538-1 through the leading edge region 548. Then after processing of the
wet region of the wafer surface by the meniscus ﬂ_lét is generated and controliably |
méintained 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 frailing.
edge region 560 of the proximity head 106. As discussed in reference to Figures 9A




t he process wi ndow 538-1. Therefore, in operation, the proximty head 106

" generates a. fluid neniscus by application of IPA, DIW and vacuum in the -
regi ons 540, 542, and 544 in the process 20 wi ndow 538 (as shown in Figure

- 10A). When the proximty head 106 is noving over the wafer surface in an

- exenplary drying operation, the waf §r surface that noves through the -
~opening 541 in the region-542 and ci Rfacts the meniscus 116 within the
process wi ndow 538 is dried. The drying occurs because fluid that is on -

‘t hat qu} !,ﬁ ' hage at_contacts th ni s 116 is

renoved a ? f%%n%ﬁ? g%}%fsxﬁ%%@xgsﬁg.@ a#Qee&gusﬂr}g@g.sg%ﬁ'ﬁggséft%rc%?mﬁ%' sur f aces

of a weébanigulay s@uitr€ circliar, Wvak; eefi-dirdilV\ete 38 through the opening 541 in the
- regi-on 540 and by contacting the fluid neniscus nay undergo a a
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~source.inlet guISOZ, t he s%g?ﬁefg]ﬂgtff‘g‘i%% 53‘?0?{%%?%‘ Ié‘]ti]gyggé ar}ghﬁ\fiopﬁ%r ality
.. of souaccerdended with 080 dmbhodinsnoufthe prashintsnvertoad imon¢ embodimene tieodi nents may
-be .utilized where apy sujtahle nber, of the source 30.inlets 302, the - =
* sodr cPTPHFSYPE TeEgns Q%d%?%ﬂgé&ﬂg cAeRIPRY @%@%b‘éﬂﬁ%wwéwe@sm g as the
- -36 &5fdol herejn. 5ol 11 iU kLl ustrate
exerrpmj);t;hlgg%c%géihrlr%ntsoﬁ%%g%géggfl%gﬁe%ﬂﬁggo oﬁﬁ%?gﬂ%ﬁgggd nunber of the
. pl ur alappseciztedsthat the protesding BibnstSde, $42) ah@ sS4y be 09 suitable sitdhanddqur ce
"~ outlets 306 may fg‘ener ate g stable, controllable fluid neniscus that can dry
a. sursPERSSUSH 35, 197 srAmpleccirouiarJing, Fﬁnb@I%H%F%rée@héﬂuaﬁ%ﬁ@ﬁ?%bl e type

- of  subst ral _ - QA SO, ct or _wafer mavhe orocessed by

 the apk 8 Mgl o bort My R CO0AE et ERK B BARE

- erffodiremots flofds tiiven pswfhas ihyan k@derit @Ranner. Ok dlieteynbodadentithe pradessingher ei n may
be utilized in any suitabl e wafer cleaning and dryjng systemsuch as, for
_‘exanpl'egiop a0 %ﬁ%ﬁ@%@“ﬁ*%@%%ﬂlw e precessingegef 544 (3l er ence to

- F, . ._l | . . T .- . - - - ,‘ ) . ’
oot nERe#has vabtu BBl B0 e 16l 8 St AR Y ol BE pRRUSAY o0,
- and 3@égion 544 hehidts e plpmiiey bfdontedinkits 306 Miadgefeiatldiempodimient, the heads

. shown from.a top viewis the side that conmes into- close proximtyw th the
“waf er TEBOR 3¢ E‘HFOW%FX/?I'%’PB‘@EgisIIYrFQWOﬂ«PﬁS)dhe Feohr Ak e Fingef §Qurcliescri bed in
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~ buthasan opening 541 where there are no source inlets 302 exist on a leading et;'ge side of

- the process 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

20 window 538 (as shown in Figure 10A). When the proximity _I-aeadrl"(')ﬁ;-is_movin.g over the
wafer surface in'an eﬁcempiary drying operation, the Wafer_ surface that mov'és fhrou'g_h the
opening 541 in the region 542 and contacts the meniscus 116 w1thm the process window
538 is dried. The drying occurs bc_cau_sé fluid that is on th'at'portion of the wafer surface
that contacts the meniscus 116 is removed as the meniscus moves over the surface.

25 “Therefore, wet surfaces of a wafer may eﬁtér the process window 533 through the opening

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

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

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




DiWorientation in a process wi ndow or a variant thereof as described above
- in-reference 20 to Figures 2 through 10. The enbodi nents of the proximty
. head 106 as described below in reference to Figures 11 through 14 all - have
enbodi nents of the process wi ndow 538, and regions 540, 542, and 544 as -
described in reference to Figures 9A through | OB above. |In addition, the
~.proximty heads described herein may " be utilized for either cleaning or
~dryi.ng operations depending-on the fluid that is inputted and outputted
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1 nes gnghuiel SuRE30Bthh R berel 168 sthble coitRoRBic iid reRisc@nthantanidi¢a rel ative
~ flowrates of |iquid and/or vapor and/or .gas through the outlets and ,
.- i nl et'surface ofshabistathe Itabpuld bicanderstood thasway yuitpblaype pf shgtrate sieh a%s and

source. out |l ets can.have descli bed.may be used,as one or bqgth of the
pr oxi Pk §* ﬁsa'sf%%’."élﬂ‘dtoﬂ%{?r gy bemracess %CEPP%G%%"H e to Figures 2A

t hgou%@@dgx@ﬁm@&gﬁp exenpl ary figures that follow, the proximty
- head maybe -any .sui table. configuration or size that nmay enable the fluid

renoval pr i A0 ELaurs &ﬁ&%e ‘ [-JE sone, or
all of t he%ﬁ%gﬁgg@@%%ﬁﬁ@g ka%éﬁﬁ%\}é E tsig'?%s olg]@m e appreci ated
. that _t106. 3 sheukisbe/giprecidied & dfabadiffenent efnboliasaty aftthe pretimityhnall b0G | et s may
" be varied_as long .as the meniscus produced is stable. In One,%ggodinent,-

- the sidgecribed oy Bapised agenq o bty pE thejprpamitydivads 1003.a0d 106bdssctibe@s ang

G Aty i deiied Py d AR AA: Ao B hdtniiayadlainaon [0
- SQ0r CEolldW,ahs priiématptichdfag b b e sitibletdnfigidition ofbias thad nf¥y dnable thand t he

size of the openings of the source inl'ets 302 .is about_0.03,iﬂ%$ In one
- enbodiflwidirenoyal pecesscasidesaibed nPicures @el 0. nTheaipre, awy.semener dlpftbe outlets

304 ar qd. about 0. P3. 1. in QP iAG18 VAREE bteadifle dnc abl e
emboaPreis et gibrited Her il il AR M s oy o518 B hcare BPASMEL T 1 €

ot her sgdteintsich 8) forcexagiple, elicssysiet 100 aF £vahat tdibrédf b2 Besonbbd apmfdrenced. t he

source inlets 302 ar e*"sga_c_ed about'., 0.06 inch apart. Additjonally, the

pr oxi- 8 Figupest t2D)- A additien dheproxymity hgad may also have g fuifgbleusiPerhut nay

_ Prg% IaP%r gfﬁl}eggk Eo&gg{aﬁtg:% ?64 8{211 Soﬁﬂ%ﬁﬁle_tsaf@, zﬂfd Zﬁjﬁ.Z Q_t %ﬁ_ﬂi @éappfr&fiat‘é& anple, a

that the side of the proximity he’ads- shown from a top view is the side that comes into

cIQse proximity with the-wafer to conduct wafer prbcéssixlg. All of the proximity heads
desé:ibed n Fig’urés_ 11 t_hr‘ouéh 14 are manifolds that enable usage of the IPA—Vacuum-
- DIW orientation iﬁ-a process Wihdbw or a variant 'ﬂxereof as described above in rcfe:rjené;e

120 to Figures 7 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 operat’iohs depending on the fluid that is _inpttted and outputted from the source

25 _inlets 302 and 306, and the source outlets 304. In addition, the proximiﬁy heads described

herein may have multiple inlet lines and mulﬁple outlet lines vﬁth the ability to control the
relative flow rates of liquid and/or vapor and/or gas through the outlets and inlets. It
should be appreéiated that every group of sourcé iniets and source outlets can have

independent,coﬁtrol of the flows.




swtab € manner as suc

- a circular puck, a bar, a square, an oval puck, a tube, a plate etc., as-

" long as the source inlets 302, and 306, and the source outlets 304 maybe

- configured in a nmanner that would 15 enable the generation of -a controll ed,
- stabl e, manageable fluid neniscus. In a preferable enbodinent, the
~proximty head may be a type of nanijfold as described in reference to
"Figures | 0A. through 14C. The size of the proximty heads may be varied to
any suitable size depending on the application desired. In one enbodi ment,

- ~the lLength fif8MBel 8 g\%;gg roximty .
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of fluids that may resi de on.a wafer surface maybe renoved. . The pI‘OXI mty

 head 106-1 Aﬂ&nona:ll;i thgqropiatityshedd2 may 2 PhecennatlyBdes "lidad! mwnﬁgnmtmn
- enbodi_nent correspond to. the source inlet: 302, source outlet 304, .and

sour céﬂ% e be sy suiighle eeniiapgation, shape nd(on sizg Fh pedex sxmRle marifoldugh t he

_ports 34Ra , | Tl t hrough
* the source |i’ﬂet a3]%g’da§lne églllj%%i ou @%ﬁbg’oﬁé g’l% lgﬁgggg%%%gﬁ%nl et 306.
“Al t hougletst302, pad 365, 4@ the Héde, owalets BA2na l@erdmﬂigom inid matuiee tikowoidd i nl et
Bﬁé the.source outlet 304, and the source jnlet 306 in this exenplary

odi<eble the geneeigniod aisentipliods etoblce mapeaeblerlvig graniscys o Ip 4 Bisfablend 342e.
- my.s Lbﬂmo\ﬁuﬁentr EPYSxitdity'iad may be a type of manifold as described in reference to

' Flgures 10A through 14C. The size of the proximity heads may be vaned to any su1tab1e
- ..size dependmg on the apphcatlon desired. In one embodunent, the length (from a top
_ B view showmg the process wmdow) of the proxumly heads may be between 1.0 inch to
| ‘20: about 18.0 mches and the width (from a top view showing the process wmdow) may be
‘between about 0.5 to about 6.0 inches. Also when the proxmuty head may be optm:uzed to
- process any suxtablesize of wafers such as, for example, 200mm Wafezs 300, wafers, etc.
" The process windows of the proximity heads may be arranged in any suitable manner as
long as such a configuration may generate a controlled Stable and manageable ﬂuid
25  meniscus. |
Figure 11A shows a top view of a proxnmty head 106-1 with a substantlally
_rectangular shape in accordance with one embodiment of the present invention. In thls
: embodlment the proximity head 106 1 includes three of the source, inlets 302 whlch in
one embodlment, applies IPA to a surface of the wafer 108.




- apart. Figure

- fromany suitable source inlet or source outlet dependi-ng on the
~configuration desired. Because of the configuration of the source inlets

- 302 and 306 with the source outlets 304, 15 the neniscus 116 may be forned
_ between the proximity head 106-1 and the wafer 108. The shape of the

meni scus 116 may vary depending on the configuration and di nensions of the
proximty head 106-1. It should be appreci ated that the ports 342x, '342b,
and 342c for any of the proximty heads described .herein may. be any

sui tabl e orieptat and nensi q gg ggﬁg gus can be
. generated ah‘d% §§ F Phe® ?éizlaﬁ?cé‘%ab@dgaﬁg e out ets 304, and
SOUr Cewafdr@hTactR oﬁ,haeeaa@@liﬂmases afe dapable Of bisplPAg DIVE 4dbardaisiwaikr C -
~described herein oéfvbe applicable to ani/ of the proximty héads described-

her ei nsutfaceaegioncmddhie savmee outlets 3rare sapabledt apnbm;g:vqcslumaa resmbn and 342c
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di agret g5y laBd 9AF ofEPHPE BPNhids bE ntklySeside 6n a%ﬂa%rﬁb@mgm&mnaved@et ween -

about 0..125 inch and about 1 inch apart. In a preferable enbodi ment, “the

di stance betygenlieROE] Fod b oi6HAGR-ARON 49, bl B8 BROME oy 37 i nch

esas e view o he proximty’ head 1061|n
- accor dembedinwnt; fbon@ﬁﬁmﬁﬂdaﬂﬁlsﬁm‘bb islet BOZ; Seilice baﬂarﬁonpamd decqomlnt 3A6ty head

°106-1 includes the ports 342x, 30 342b, and 342c..in ggg g ment, the

" ports: 8%529\0“"9142533’@HM%T%WSM@QW&%PQ@@@Q 3 g‘bt lets 304,

-and th diﬂge? at the
ports r?fhﬁ?}ﬁlééa%gonyﬁéﬁ%a% le ﬁlf’y‘cfm(#rcres Qpéﬁ%ﬂ?{o ng aéﬁzeﬁg% (?E}?ce :

i niet s thEkdurce ialeB6b. asumahgh the- p&ﬂu BﬂEa,(MQbeml 33[Qé coﬁysﬂmdumth thesduice ,
generate, maintain, and manage the neniscus 116. 5. Flgwr(e 1.C shows, a

rear vindel 392, ﬂﬁ@owoﬁuwﬁ@‘*h@a’dhfoeu@e ilrﬂeta?@édnalaﬁ EEHP Odlé‘%%dﬁ ment of

~the pr 24 in one
enbodi ?}i?{l‘&bé g‘?pﬁgéﬁtgﬁ a-{%]{q%%% cfbﬁ%zfg @pﬁ% proxim tué/d head :

106- 1. fibin @lyGuitdble bauaoﬁﬂamrabﬁdehhﬂét dai)endingnn Iﬁhdgodf@thﬁhﬁﬁiemreck exenpl ary

I n nature and may be an sui t abl e di nmensi onas -t he. sourceﬁgnl ets 302

" and 30Begansqef thegenfignratien eitbe sopnce inlely 40 %@néll"@ﬁ“g ' &%Y&WH lets Wdoner to
| e,cl bed
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ports %Qﬁhaﬂelofﬁldmymﬁcﬁﬁdlﬁlma}dvﬂrpdaﬁenldﬁ@sdn ﬂlermnﬁgm'ahenand:dmeusmnet s 302a

"~ which run .
! of the proximity head 106-1.

It should be appreciated that the ports 342a, 3425,_ and 3420 for anyof the " |
, | otoxifrzity heads described herein may be any suitable oﬁdﬁta_tibn and dlmensmnas fong as
20 a stable meniscus can be generated and maintainéd by thc source.iiﬂcté 302, source outlets
364,"31.1d source‘inlcfs 306. The embodiments of the ports 342a, 3l42b, and 342c described-
~herein may be applicable to any of the proximity heads descﬁbcd hefein. In one
embodiment, the port size of the ports 342a, 342b, and 342¢ may be bétween about 0.03
~inch and about 0.25 inch in diameter. In a preferabie cmbodiment, the port size is about
25  0.06 mch to 0.18 inch in diaincter. In one embediment, the distance between the ports is
between about 0.125 inch and about 1 inch apart. Ina preferable embodiment, the
| distance between the ports is between about 0.25 inch and about 0.37 inch apart

7 - Figure 11B illustrates a 51dc view of the proximity head 106—1 in accordance w1th
- one embodiment of present invention. The proximity head 106—1 mcludes the poﬁs 342a,

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




parallel to the input ports 342c shown. in Figure 11 C. Figure 12A shows a
. proximty head 106-2 with a partial rectangular and partial 15 circul ar

~.shape in accordance with one enbodi nent of the present invention. In this
- enbodi ment, the proximty head 106-2 includes one row of source inlets 306
that is adjacent. an both sides to rgys 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 -

sour ce302yisbeics 0dféts 304 Cankd (REESREEENIROIG6 &sﬁéc%el&' h%l& ef¥dodl ty head

© 106-2 with a partial = rectangul ar and part Ci rcu ar ape I N accordance
‘with othat ﬁlﬂmd(@rmyrbmytsmahlc gumher, sizeyarshapmas lbng rmtheenbmd infets 302t he

-proxr m_ t 6 2 rncI %es orts, 342a, 342b, and 342c on a side of the
pr oxi nr?‘iﬁ‘ﬂ’e %S%’W%fél 6714 mapbe ualieed to grueralsoaAiRAnd maneES ed t o
i nput @g%@ﬁs&gtlpgt fluids through the source.inlets 302 and 306 and the
source 25 outlets-304. In one enbodiment, the ports 342x, 342b and 342c

corg espond S the. s tlets d -t he
source inl e?%“%%?(?glsl{gp‘g% |é\z/’£+q%%v gupgxlwgﬁ%ﬁgof’of 5‘? toﬁﬁ

_proxi nembodimedt di0fie areeeﬁthneenmﬁt m& redr @févaaﬂmbqsroﬁﬂﬁhym 106-1Cindiel ar shape
in accordance wi th one enbodi nent of the present invention. The back side

“as sho#RPesimeRte comespopdsin the leadingedzh 84 at thegireniniity hed 18G1adeshogll end of

th .13A t r ty head.
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| nlets. 302 and 306 and source outlets 304" that is simtar 'to the

pridki rre gonfagied e maa%erdrs seable eldaning pad/er drying ofthewaderel 08 in theThe

| recta ead 1 I ncl.udes. t he-sour ut s.,304" that
Care rgg%!'eﬁﬁdés %gd(h er "t Han'¢ 8 %ﬂi’ﬁ’ﬁt@ﬂﬁﬂ Pﬁ’t‘%‘gﬁ&?ﬁﬁﬁg “?sthﬁe proximty
heads ﬂm&@&ZﬁWfﬁiﬂm:ﬁ' re%ddmdrﬁmrlem sérﬁeofﬁxe%ﬁ&ehﬂb%tﬁ)2§%&n%306 as
~well as the source outlets 304 maybe altered so meniscus generation,

mai nt diiEdisdto @ﬁdﬂl%ﬁagéﬂélﬁshwm@@pﬁrldﬂzed In thi's enbodi nent, the

source inlets 302 are capable of applying |PA toward a wafer surface

region, t h&lsm@rl@éx st@visrd posinfifthadd 06 aithe pzi‘tlaipp:ttymgigaﬂn\m/pBﬂMr d the

er sur e region, .and the source
g circ af's ape accordance with one embodiment of the prcsent invention. In this

embodlment the proxmuty head 106-2 includes 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. Pcrpen_dlcular to and at the ends of the

rows described above are rows of source outlets 304.

20 Figure 12B shows a side view of the proximity hiead 106-2 with a partial
rectangular and partial circular shape in accordauce with one embodiment of the présent
invention. In one embodiment, the proximity head 106-27incluc_1es ports 3425, 342b, and
342¢ on a side of rthe proximity head 106-2. The ports 342a, 342b, and 342¢ may be
utilized to input and/or cutput fluids through the source inlets 302 and 306 and the source.

- 25 outlets 304. In one embodiment, the ports 342a, 342b, and 342¢ correspond to the source
inlets 302, the source outlets 304, and the source inlets 306 respectively.

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

30 end of the proximity head 106-2.




outlets 304 are capable of applying vacuumto a region-in‘olose proximty

- of a surface of the wafer 108. By the application of the vacuum the | PA

DIW .and any other type of fluids that nmay reside on a wafer surface may

- be renoved: The proximty head 106-3 al so i ncludes ports 342x, 342b, and
- 342c that, in one 15 enbodi ment, correspond to the source |nIet 302,

. source outlet 304, and source inlet Boe respectively. By inputting or
‘renmoving fluid through t he ports 342a, 342b and 342c, - qurds may be

i nputted or .out d thro he sour 02 ce out | et- 304, -
and  the sdil p‘r% ftﬂﬁﬂx‘t‘ﬁ @%333 °°§5 donf420 -

corr e%mmamﬁeﬁ 'bfttllihepl%% ﬁﬁrenﬁé’ﬂ & (ﬁﬁ?emﬁdaﬁn&ﬁ,uﬂh@?r tgme&oﬂoe-and the

- source Inlet 306 1n this exenplary enbodi nent oul-d be appr.eci at ed

~that tihelugeyra cordigRetiod T bourenhl@s 262 rud 386ippd sounse wélﬂ:ta\mfﬁlatids @m any -

. and tain source-I'nlets

gosi £ oh T bkt R 100 SoHkGeli BrerbrineBinila’ e dSSRBY ' 50
CWikh t ﬁgﬁf%dgg&ﬁhﬁg&%wso eHEtnét§§9§ tﬂal@ré‘%epﬁlaﬁﬁﬁﬁgﬂ%ttﬁ@en the

- proxi mty 108. The shape of the neniscus 116 nay
vary depeeautigts 3041 hemgomﬁthgpma:imﬁnhamﬂ@smﬂrwrham thé dpfaetdrof threoxi i ty

- head 106-1. It should b ted that t 342 342b d 342
For aﬁyuopmlﬁeﬁa%%wﬁ%%ﬁﬂégiﬁ&ﬁm%%ﬁ%ﬁ hegielig et o
-ori ent érgﬂo | 904 ASndoRfin gﬁge%‘gﬁﬂfeimiﬁ‘ﬂﬁt@&ib&ﬁﬂwgé t&ener ated

- ource outlets 304, "and source .
il et $oﬁ®6nﬂ$hé!02mb@chpabletcﬁ‘ applylriplPPotosrd d Mafer3atihce mpwn3th@soukescr i bed- 30

_|nreIat|ontothe roxinity head 106- ol'i cabl e;to a of the
priBxi rinlets 306 406 ¢ capable ‘&fé’é’E]rYFftge]aIWﬁ"Wé%’de&‘ér‘M"’é“t e&%@%ﬁﬁ&?&é In one .
enbodr , o|f fhily 8f' SurfdRy ofe bet ween
~about ogﬁg% 30&% Q%rgbggdgu?plg&%&%u t&%rdglgﬁgnglr%&??mx pggferablg :

" enbodithewafer 108. Byrthe sppdieation aﬁhatva&nﬁﬁ, tha@PA 1 DIV, atﬁianyo:ﬂhttrrtyph aiet er .

- one epbodi nent, the di sta ce vveen the ports is between about 0.125 |nch

and a%ﬁ@sqlaﬁlﬁél‘rres f"é‘%\ EOYE0di ment | the di stance between

- the ports is betvveen about 0.25 inch and about 037 inch apart. Figure 13B
:shows a reélrhemfewﬂl;ﬂ’ haad 1&66”)(41% Whh’@&mll@éﬂ% PZl@pd Bddn @b AR OAC one

1 ggOdl dgﬂent, cor%%r SREG tﬁ)tthe Dgpdd m?& 3 % ur %gut}@t §Qﬁ %dt Q&rcg gggﬂ Em6t y. head

correspon of the
pr oxi li‘bép)écthﬁﬂijd BY Snphtting o1l thelffuil ehrepgh ﬁre;mrecwza,aad,zbhmqo:mct mty head
106 3 is exenplary in nature and maybe any
fluids may be inputted or outputted through the source mlet 302, the source outlet 304, and
_ .the source inlet 306 Although the ports 342a, 342b, and 342¢c correspond with the source

m]ct 302, the source outlet 304, and the source inlet 306 in this exemplary embodiment, it

- 20-  should be apprmlated that the ports 342a, 342b, and 3420 ma_y supply or remove fluid
| | from any suitable source inlet or source outlet depending on the configuration desired.
‘Because of the configuration of the source iniets 302 and 306 with the source outlets 304, |
the meniscus 116 may be formed between the proximity head 106-1 and the wafer 108.
The shape of the meniscus 116 may vary depending on the configuration and dimensions
25  of the proximity head 106-1.

1t should be appreciated that the porte 342a, 342b, and 342c for any of the
| proximity heads described herein may be any suitable orientation and dimension as long as
a stable meniscus can be generated and maintained by the sodfce inlets 302, source otlttets |
304, and source inlets 306. The embodiments ot‘ the ports 3423, 342b, and 342¢ described
7 30 inrelation to the proximity heed- 106-1 may be applicable to any of the proximity heads




sui tabl e di nension as long as the source inlets 302 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 in the nmanner described herein. In one enbodi nment,
- the proximty head 106-3 includes the input ports 342c which may feed
fluid to at | east sone of the sourceginlets 302a which run 15 parallel to
the input ports 342c shown in Figure 13A. Figure 13C illustrates a side
-view of the proxinmty head 106-3 in accordance with one enbodi nent of

. presenfedef | : ) ik ol 106- 3 _ : : a, 342b,
- and 34g€§cﬂ}£ﬁp%lnngb§n%-5g§? arr%ﬁ%%&ltﬁr%mg%?%s&g%ﬁo h@zéé%?ﬁgﬁgﬁggg%ﬂ%@f%our ce .
i nl et 34230342t and 3420utz)y bt betd@én abot O.0Rcingh wid sboun DASIndOi dimpgectinvel y. |t
~ shoul d be ‘un'e'rs,tqgﬁgnzo_- hat the. ports naybe any sujtabl e number, size, or
- shape - 4BT9igfARe sEbor & BOrt §1Zgs abays 0.09aciod). HEingh i diggnedesy @Syt | et s

- 304 may; itlehl eS8 OGRS ' IR ' : e 4t 2 116.

- Fi g.u_r‘_e¥_n1_1§§q S 05\5 a ?{S@? angu ar'ﬁBP{%% %Wﬁ?g%gﬁgig@g%ﬁhggggp@gr@g%th one
~entfodi aput. Infa priferableasbddimeie thel distande beonéenahi® pokitsTis Hetwédacabpitox2s t y head
~106-4 25 in¢cludes a configuration of source inlets 302 and 306 and source
~out | et Beh@nd abt0.37%inch aparr  to the proximity head 106-3 as discussed in
.‘reference to Figure 13A The rectangular proximity head 106-3 includes the
..sour ce -out-| Bxgyre3tfB shaves a searvicwrafdhe proxithifyrbeadr106khin ddcerdapoawiteoneit | et s

- '304. I'n_any of the proximty.h d i bed, herei.n, the,dj t f the
* Soar ceSnfitimhese)Bo RSt ivehiog s fihe SE% i SHnF Bty 68 TP nEe ol tored

SO MENkEBAEmMER, 66REHBAALS théRhMnSRABE §48 81 fle PRAGHISYRIRA TOY.3DG: SBLIaM zed: | n
.one enbodi nent, the -42 source outlets 304" are |oCated closer to the

-+ sdér cebs apipeeciatadthat therprotimitydichd § 06-3tis exemplagtingsbue and nefydeanye to Fi gure

. 13A Wth this type of configurati.o smgl ler nmeni scus may be r at ed.
The r iR SRR pilonsa® tstpuieiniets 2359 30805 VElS de FOR e IoE e
+ 304" ( Ofre 8biBfpurSHiCEmaktidr S SnadiiédcRaning 8R&6! &Sfhd &F theHalEN08 ik fheFl gure 11 A)
- maybe any 5 suitable size and/or shape. In Oon€ enbodi ment, the process :
" wi ndovmarner Jescpibedvbenaing bbuene @nipgiiment b proginttyspad 166+ ninbkdes thaa

prefer.able e i nent, the process wi ndow maybe about, 0. i nch. :
Rer orinpuPofd 4k Bt sl RS B at el Fng Y BE solgR B 0% Wikt oy o
-1 nket %@Q&l_'a{meq ‘ %ﬁsgﬁg@gﬁwiﬂ@iéﬁél@@/_\ard a wafer surface region, the
source. inlets 306 are capable of. applying DiWtoward the wafer surface

region, and{i&ﬁl‘% SeUIGE A 4 §H§ on?@e%ﬁ'&?iﬁﬁtﬁ ke Tl@é-sqﬂ Rb¥drishc4dm to a
~region.in close proximty of a. surface.of the wafer _
. one embodiment of present invention. The proximity head 106-3 includes the ports 342a,
342b, and 342¢. In one embodiment, the ports 342a, 342b, and 342c feed source-inlets
302, source outlets 304, and the source inlets 306 respectively. It should be understood:
20 that the porfs may be any suitable number, size, or shape as long as the source inlets 302
and 306 as well as source outlets 304?may be utilized to generate, maintain, and manage

the meniscus 116.

Figure 14A shows a rectangular proximity head 106-4 in accordance with one
‘embodiment of the present invention. In one embodiment, the proximity head 106-4
25 includés a configuration of source inlets 302 and 306 and source outlets 304" that is simila;
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 diamefer of the
sourcé inlets 302 and 306_’as well as the source outlets 304 may be altered so meniscus

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




108. By the application of the vacuum the IPA, DIW and any ot her type of
fluids that may reside on a wafer surface may be renoved. The proximty
- head 106-3 al so includes ports 342a, 342b, and 342c that, in one
enbodi ment, correspond to the source inlet 302, source outlet 304, and
source |nlet 306 15 respectively. Bysinputting or removing fluid through
- the ports 342a, 342b, and 342c, f|UIdS may be inputted or outputted
““through the source inlet 302, the source outl et 304, and the source inlet
306. Abww@mm@afetlscﬁé@aos%@hm seiile 16 300 HAPES dihe source
- inlet 302, the source outlet 304, and the source In I'n thIS :
- exenpl. M@Uﬁf@mﬁewﬁglshbiAdWlmﬁWoMgtﬂmmmmﬂmm&éﬁﬂ 342b,
~and 342¢ renove flyuid 20 from.any sujtable source inlet or
Sour ooy PR kSRRt 18R A mnedy 1 o GHoR 0406 SdBERRASUIGE t he

- confi g80A{drQilses, u}&emﬁ&w Out lets
- 304, thetmenl sc?us 16 nﬁ?%gk%@é%@&%ﬁ%ﬁ%@ﬁﬁﬁ%u ween t he
pr- i néuitpblecsint andbor shapr.n dntone embbdimeh@ahe fifveessvapdow imdy s ebwécsicaboutl 16 may
th the shape of _the process .window and therefore the size and

_, -_Sﬁééisﬁﬁg?%é@%& L3qyareighasy a Preferablg embodupat the grqyﬁsamdewmxgbﬁ ation
and o 0994l Til5eoREbIUS S il 8613, AECANAARGY AMg0! one o

~the source outlets 304 rear view o ngul ar

. proxi nintegs 30ate t@[ﬁab&e ofapmpngxtmfarmm:mat%fma@f@idm e saai:rdehﬂetsrme nt -

-|nvent|onﬂE£P proximt head 106-4, in one enbodlnent
_corr esBof %Oé gt"@’ ths penfesrs el #ad thesgurce putlaty 304 '
o | t

| -.?Z‘é“‘aﬁaé@ﬁa@“%g‘%ﬁ%%?% BB BN e BRSO b SR 1211

306" aSIG&eIBy&sapj:imatmmmfdmmﬁmﬁtﬁﬁQﬁAaDFWQEﬁﬂamm&ﬂyﬁeafﬂma@&{atto enabl e -
108-in the manner. described herein.

- cl eani ng an: f the wafer -
In oné™ r?Bﬁ‘tW ﬁglrgqcsﬂqﬁt{efew@g@ﬂ 106-4 includes the input ports 342c
~which may feed fluid to at |east some of the source inlets 302a which run
~ parallel téfhwoxmmh@érk%- s inshusien ports 3420842t 3nd 342¢ that,dn enC

il 1 ust, th | head 1 |
rccor duibeginéhesdtfesboRtiothe Wil o0 srled it b i e R A%, e
1Q6- 4- rembtm’hfﬁ Bymmmﬁgoﬁ@&@m@fahd 081 thé ports 349034980 @R! ,  the ports .

.- .342a, -342b, and. 342c feed source inlets 302, .source outlets 304 and the
sour ¢ dluidy lggjgbggwuptgg peewtpyiéed thrqugh the source inlet 302, the source outlet 304, and

- the source inlet 306 Although the ports 342a, 342b, and 342c correspond with the source
_ mlet 302, the source outlet 304, and the source inlet 306 in this exemplary embodunent, 1t '
. should be apprec;ated that the ports 342a, 342b, and 342c may supply or remove ﬂu:d |
20 . from any suitable : source iniet or source outlet depending on the qonﬁg_uratxon desired. -
' Because of the configuration of the source inlets 302 and 306 with the s_our'cg'ouﬂe_ts,304',
the meniscus 116 mgy be formed by the process wiﬁdow béﬁween the proximity head 106-
1 and the wafer 108. The shape of the mcrﬁscus 116 may correspond with the shape of the
process window and therefore the size and shape of the meniscus 116 may be varied
| 2§ dependmg on the conﬁguratlon and dzmensmns of the regmns of source inlets 302 and 306

7 and reglons 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, corfesp_on_ds to the leading edge 548 of the proximity
30 head 106-4. 1t should be appreciated that the proximity head A‘I 06-4 1s exemplary in nature




.10 . sheuld'be'understood that. the ports maybe any suitable nunbet; size;

- or shape as long as the source inlets 302 and 306 as wel | -as source

" accor

outlets 304 may be utilized to. generate, maintain, and manage the neniscus
116. Figure 15A shows a proximity head 106 in operation according to

- one. enbodim of the present inventio It should be appreciated that the
flowrate of the DIWand the 15 |PA the magni tude of the vacuum and
‘rotation/novenent of the wafer bei ng processed may be var| ed in any

- ?rglnagg!rarﬁen@?o ge%era%geaé%hance n?«?s“%)ersg esgﬁﬁ&%o% gi‘(’?ﬁ”%ﬁéﬁ?l%

i N onesowteowla 3P4 arsuai mh&laﬂhéﬂtbéﬁﬂﬂbale&nﬁgﬁﬁd!ﬁﬂ d8fingoe¥ the waesCr i bed
~in reference to Figure A. As shown in reference to Flgures 15A through

" 15F, t H@8 imthemangerdasridkad hepgins ilaong gmbodxmeut,dhmnxm Qﬂ}iﬂ&ﬁn‘%s can be

©.seen- Wt eren and I otations. The
flow rgtcgmg? hﬁW‘érPd’“r‘-‘ggz il{@lrﬁla}’:%ﬁ#lﬁ'gl ta?ﬁalem%f@? SWECHI e waf er
nays be3mwmhdapgﬁduago%ﬁm;e%@un¢Wﬁqqgt&bqsad during drying. In -~
- Figure 15A, the neniscus has been forned by i nput of DIWand vacuum

Wi thout any usﬁé J )Hﬁﬂﬁréﬁua n uneven-
boundary. F%%M@Yn% ttﬁgggfdevlium& g’ lon s zero. an the DDW

flow rmOGrdaacéﬁfﬁlhrdnklembodﬁneyﬂbﬁp:bE&ttﬂdenﬁm aTchpmhﬁnmthdﬂﬂﬁw head 106 as

: .descrlbeﬂ,é‘gn Figure 15A with I PA input in accordance w th one-enbodi ment

of thelBgudeatie H%&?éﬂ%éﬁ%ﬂ wddee Bnepemmhadiment; the norpAAPedHRead s 500 -

i L/ i gyang / agl fhe vaf er
~ being zero. e&%#:él%%%ﬁ %%5%3%3&3?%% o‘%%%#(ﬁ e%ﬁvéi det t he ‘
badidndashpuld bd hﬁmﬂmém%thﬁpbﬂs aMgbe an ediebiy ®umbdrpsifd, mdhaperasslmgas S nore .
stabl e_and control | abl 5 Fi gure 15C shows the proximty head 106 as

descnfbsaowlffemlefaﬁ@ - fnh3 @atwettltahsweeowm 3947nay he plligitogsnaatey /nin in

g the present invention. The rotation has
been. kept at zero aﬁd t e ow rate of the DIWis 500 m /mn. en the | PA -

“flowrate i the f us be onmes rrred an

~controll ablélgs"%l gur “35[?% 6&“’(“@&@ ﬂ‘éa%F"I 8? eIPﬁ% UI d 7
Meni sCafahé presbiviventibar & stlbﬂdw%fae{)rdcﬁtt&ﬁhwhé goatsat ST ﬁtﬁmte Wi th one -
enbodi-nent of . thg@present 10 invention. In this. enbodinent, the rotation

ofl 5t hePda et mpgnitulecfthn vasnempand tetationdnovrmeent of the wafer being processed
may be varied in any suitable manner {0 prov1de optimal fluid meniscus controllabihty and

.management to generate enhanced wafer processing. The proxnmty head 106, in one
excmpla.ry embodiment, is utilized in a configuration as descnbed in reference to thure
‘2A. As shown in reference to Figures 15A through tSf, the wafer is ra;cle‘ar material so

20 ‘ﬂuid' meniscus'dyﬂanﬁcs can be seen with different flow rates, vactlux'nirates,_and wafer
rotatio’ns. The flow rate of DIW and IPA as well as the Vac,m.tm and rotation of the wafer
‘may be varied depending on the condjtiozts_ encountered duting .‘drying. In-Figure 15A, the

| meniscus has been formed by input of DIW and vacuum without any IPA flow. Without

the IPA ﬂo.w, the meniscus has an uneven boundary. In this embodiment, the wafer

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

Figure 15B illustrates the proximity head 106 as descnbed n Flgure 15A with IPA
' ‘mput in accordancc with one embodiment of the present mventlon In this embodlment,
the DIW ﬂow rate is 500 ml/mm and the IPA flow rate is 12 mllmm with the rotation of
the wafer being zero. As shown by Figure 15B, the usage of TPA flow has madé the




flowrate of the DIWis 500 mM/mn while the flowrate of the IPAis 12

. SCFH. The magnitude of the vacuumis about 30 in Hg@80 PSI G ~Wen the
~wafer is rotated, the fluid neniscus becones |ess stable due to the added
waf er dynam cs as conpared with Figure 15C which shows the sane DI Wand

| PA flow rate but w thout wafer rotgtion. 15 Figure 15E shows the' proximty
-head 106 where the fluid meniscus i'S Shown where the wafer is being
rotated faster than the rotation shown in Figure 15D in accordance wth.one
enbodirent, of e pr.esent inventd.on..ln.this . e I t tion of
Ehe  waramdad of SR pBREREhole ST 1R ord piciia SIANCHE R Fhord Aaki¢ B 27,

- 7 ni negadoigbihe flow rate of the |PAis 12 SCFH. The magnitude of the

-~ vacuumis about 30 in HG®@ 80 PSI G Wien the 20 wafer is rotated faster, the

. rotati on,

f1ui d neni | - SR ' [HR wilh ted -
e scus. o S D T P E L e et

meni scus di sCUss . igure 1 e to the added waf.er
- dynam IPA fewdncrpased tb 24 il@uinén d&brddnoserithiome pribodimént off dedpré@@t where the

| PA fl ow has been increased as conpared to_the WA f] ow of. Fiqure 15D in
acdor diavertiag. t Fhegpiationbatser kepiat zeypand the Hp‘é’sléﬁ?tofit{wgﬁﬁ '615.08 PH? s

- embodi gRph vud 11, KA kARliERTHAL ARSAA Al O Al forhibian@flepsal er
and vacuum nmagni tude are the sanme as that described in reference
-t-o. Fi gédrferolibhle. | N this enbodiment, the IPA flowrate was increased to 24
" SCFH. Wth the | PA flow rate i ncr__eased, the | PA hol ds the fluid nmeni scus. .
~along the bpfegqf‘é,lmswaemabﬁ)xanwhe&dm@aﬁé&%éﬁﬁhqnaﬂ@hmwl e fluid
meni scus. Therefore, even with wafer rotation, 30 the flui-d nmeniscus |.ooks.
" st abl ewhérclthawafenis teimguotdiet iderccerdancesuits oanembodiyneabof bePseReat to - 45 the

gion with the plurality aof i phets 302 .and. t.he I eqion, Wik th
o1 B aivtoon s utbasiaed, 02 ShSn pEINETae ¥ 103plPts ARl e
cont 1 ohb @bk of BRIV ILEE0 mPhin WANBUNENSR rote JF'th P ARNIZSOOBHI Theor med i nsi de

~of the process wi ndow-so, in an exenplary dng rocess, - fluid that the
- proxi ningniteeof E6vacaymdnatoumt 88 in Hg@ 80256, dtetge waferrig pefoted, hRer eby

" quickly gnd efficiently drying,the wafer surface. FEigur Ansn Eﬁgs a top

- view oﬁ TREASES ﬁ@‘?"(ﬁ?‘iﬁﬁﬁ'ﬁ sé\?’gefg@rﬁr}gé? ?cﬁfegc %ﬁo‘gﬁ’%ﬂ%ﬁ‘ %shc%g#g’r enbodi ment of
~the preggRt1IcWARhisREws tHe SRRUIW BEd BIRTRW AtdsuttWiiovt Maf@frotaien. _
enbodi ments of the drying system 100 (e.g., cleaning systens 100-1, 100-2,.
106 3, Fig0@> WE shows 100pSXirdissbeadiée wisre e Hhiidmartiscug isShown where W di ment s

ot t hewg{:e? %‘s'-b”éﬁé’ rort?a%f;.i fa%?e? than the rotation shoWn in Figure 15D in accordance with one

embodiment of the present invention. In this embodiment, the rotation of the wafer is 15
rotétions per minute. The flow rate of the DIW is 500 mﬂrnjn while the .ﬂow rate of the-
IPA is 12'SCFH. Thé .magnitude of the vacuﬁm is about 30 iﬁ HG@ 80 PSIG.I When the‘
| 20 - waferis rot.ated faster, the fluid fneniscus,has armolre 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 coinparcd to the IPA flow of Figure 15D in accordance with one embodiment of the
25 présent invention. In this embodiment, the variables such as the DIW flow rate, raté 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
TPA flow rate increased, the IPA holds the fluid meniscus along the border to generétc a
highly controliable and manageable fluid meniscus. Therefore, even with wafer rotation,

30 the fluid meniscus 1ooks stable with a consistent border that substantially correspoh_d’s to




g 10 described in Fi gures 2A'to 15F herein may be utilized in cor\j uncti on

~with other wafer . processing technologies to generate an integrated.

~system such as, for exanple, those described in Figure 16A through 20

_ below. In one enbodi nent, the cleaning and dryi ng system 100 maybe - :

incorporated into a 2300 Brush Box A‘fienbly manuf act ured by Lam Research
of Frenmont, California. 15. In one effbodi ment, the cleaning/drying system

602 is the cleaning and drying system 100-5 descri bed above in reference

L0, SRR AR ot By R P LTRSS 1

uti i zodteéts 300 NTheteford) A sydbldland lﬁgﬁl&%ﬁﬁblleé %ﬁanﬂgm ahd enadepvdrsiles; the
-cIeanlng and drying systems (or conponents therein) ma also be known as a

waf er @uid mgniscus is inside afiibeiprochts wimdewspowdmiexgmplary dEyiBg Brossfbe nade

-. '-.out of t hat may, effect clean a te such

out of et RS IThEL fig LRt IR Rbh S ELE) RN B RRHY! © Such
'errbs)dl qeiRkly @dlémtﬁa,t@tﬁ-pmgme{vgfergml e a pol yvinyl alcohol (PVA) brush "
may be applred over the brush core 604. The brush core 604 may be any :

sui tabl e br r w%lﬁ Eﬁ% i8S aﬁ-ﬁéhdé .
t hose ‘ski | | gﬁﬁpﬁjﬁgﬁ%é%‘ggﬁhere ore P'ﬁe bru core 604 rot at es,

© ‘'the br unéremhodﬂnenbcrﬂthhpmscrﬂ 1ﬁ£bﬁt1my[t€sham]|ﬂlhee¢ptematélﬁhmzhgroﬂtﬂe to clean the

i e S Gt B o T
S st e o,

- Theo ef demnbai indfigwaf 2A tol16B hierein niaydbenailieed itDdnijmtibe with etlenwafert 6

di scussed above .in reference to Fi ures 2A thro gh 15C above. In this '
f ashi onCFerH%S trehpolagiesda BeRprAtG apdpicaried Rys ﬁ&?e@é%‘“ﬁb‘& %OSn in one

does naeRfieGTATAEE: 16, %%&%%@?%ﬁriﬁe%@%%ﬁ%% ol WiPBle" 166

- shows systeah 160 may be éncoimiwated it @ 2300 BrusigBdx )Alsﬂgnlﬁysﬁamfﬁﬁﬁred by Jaocor dance

- Wi th one g‘g rrent of t he .present invention., The cleaning/drying system
602 maB‘e Saliferga. ¢| yster. tool) in a vari ety of wafer

processr ng systems as discussed below in reference to Figure 17 though 21.

Bylhavi ng~ bl enceenehodimentgth pieaning/dmingesyeten off islin deamiag anddti®g  space
- MYPe SR160'8 bl HbvRh FeRRACR Yo FIgHESG and SH with a brush core 604 .
and a spray manifold 606. In such an embodunent when one of the cleaning and drying
-systems 100 are utilized in conjunction with a different wafer processmg apparatus ‘the
' cleanmg and drying systems (or components therem) may also be known as a, wafer drying
20 insert. It should be understood that the brush may be made out of _amy_ sultebl_e maienal that
may effectively clean a substrate such as, for example, po_lyvihyl alcohol ,(PVA'), ﬁlbber,'r .
urethane, etc. In one embodiment, a brush such, as for examplé a pollyvinylralcohol (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 tc those skilled in the art.
25 Therefore, when the brush core 604 rotates, the brush c_n the brush core 604 may be
applied to the wafer 102 to clean the sm'face of the Wafer after wafer processing such as,

for example, etching, planarization, etc.

In one embodiment, after the wafer 102 is cleaned by the brush, the: wafer 102 does
~_ not have to be taken out of the cleaning/drying 602 (also known asa eleamng/drymg
30 module) for drying. Therefore, after wafer cleamng, the wafer 102 may be dried as




'r.types of. robots 712 maybe. utilize

10 maybe made smal | er and-nore conpact while retaining substantially the
same finctionality : Figure 17 illustrates a wafer processing system 700
with front end frame assenbly. 705 with a drying nodule 704 in accordance
‘W th one enbodi nent of the present invention. The drying nodul e 704 maybe
~any of the systens 100, 100-1, 100-2,.100-3, 15 100-4, 100-5, and any

.sui tabl.e variant thereof It should be “appreci at ed that any suitable nunber
of drying nodul es 704 such as, for exanple ,1,2; 3, 4, 5, 6, 7, 8, 9, 10,
etc. Ngyhfssed WR . o | Ys 7, HBshgLat e the
waf er pr.ocessing g%g%l'g}eﬁcé?%? %f“%ﬁ%‘% #1"’}?&\/32? tﬁ\/\%f@%’%‘?’ocess? g _
capabi.besavwed, bylliavﬁigawbdvzﬁ‘hxqﬁobﬁs opeatisi ﬁmhetﬁiadulaayd clidiees forpes of  waf er
processing tools. maybe connected to the front end frane 20 assenbly 705
“such, a%ﬂtamg%ahe;& uce& bsrasa the wafen H02 dessmebhavedo bettalpndg adilereRbdul e,

cl eani g ég@ g etc. In one enbodiment, the wafer processing system
700 i ncl udes ig nodul es 704 and al so has a robot 712 that may.feed

d f d out of th | 704. bot 712
my® al 50 be e&sﬁ#?@%ﬁ G 5 R0 AL VAP REGVERE SR Bt of the
- front ﬁéuérdﬁe@%ﬁtﬁoﬂgmbb&:ﬁéw%%egﬁeébﬁﬂ%ﬁmﬁ ’fﬂk@éleﬁﬂﬁ{ aHji@gk@nnunber and -

as well as any suitabl é nunber and types

of frofi62 mdbelaomthﬂe(s)?(]:(g, divstarteol) i a staney pf wlafmpfaaeaﬁmgayjswmm@ers 710 may -
, recelv rlde waf.ers. whic Sin t he wafer
- proces ﬁ‘bssg‘{/ e, ere%@r]:ég&rg I‘Fbﬂ)éaghaﬁmaﬁg ﬁﬁﬂg{?% f%Fﬁ’%oo whi ch
has nuldid p ﬁ(en%:&feﬁﬁ%ﬁﬁé[& aéeozﬂ §bé &v@&%ﬁ&ﬁ&'\ﬁ@fei“bﬁ%e&'i}?g §elepdi ment of

.the present “i nvention odl ment, .t he wafer processing system

- 8010 i nmiapdle snagn smaﬂhlm@momdompﬁﬁewhﬂh&tdnmgmgbsmﬁrﬂﬂlyahemet he front .end
| oader 710, d the robot 712 located on a frane assenbly 720. = The wafer
procesg’r“ﬁﬁ ‘?ﬁ}fem 700 as with the wafer processing system 800 may have any
sui t abl e nupber and any sui tabl e types of nodul es/tools such as,
modul es, - 5 Hieyesbhillustrifesa sadermgosasting sxsters (708 withyromfrmddiame; i'fdefé‘?'dfhu ng

nodul e n ﬁ? el er proce55| ng

system'?%so%ngm S‘%ﬁégﬂ ren{ s%&? Lﬂ&e bnégr%‘r’%cess#ﬁgth%g%%éﬁ{s in one

erTbOdI ieaition eThealryiag ;ﬂodﬂlel?zmaemay&e&hybﬁﬂtetsweﬁmanem00-|n 10812, mﬂtﬁ;dl ment, a
I ng_ system as described herein nmaybe an -integrated dra¥| ng sg’gtem when

Segrhq 100 %, 286 Y switabls variang thesed ﬂ%oeidmmt@prwatedth any sui
number of drymg modules 704 such as, for example 1,2,3,4,5,6,7,8,9, 10, etc. maybe

connected to the front end frame assembly 705 to generate the wafer processmg system

700 with varying levels of wafer processing capabﬂlttes It should also be understood that
any other types of wafer processmg tools may be oonnected to the front end ﬁ'ame '
.20 assembly 705 such as, for example, a planarization tool/module etchmg tool/modue,

cleaning tool/module, etc.

In one erﬁbodiinent, the wafer processing system ~700 includes 6 drymg modulee
704 and also has a robot 712 that may feed and remove wafers into and out of the drying
modules 704. The robot 712 may also be configured to feed and remove wafers into and
25 out of the front end loaders 710. It shouid 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 recei\}e a carfridge fuﬂ of

w_afers which require processing b'y.the wafer processing system 700.

Figure 18 shows a wafer precessmg system 800 which has multlple wafer

30 processmg tools in accordance with one embodiment of the. present lIlVCIlthIl Inone




- one e

- 10 architecture system In an alternative enbodi ment, the wafer processing
- system 800 may have the etching nodule 722, the drylng nodul e 704, and a
cleaning nodule. In one enbodinment, the wafer processing system 700 may
include three of the etching nodules 622, and 6 of the drying nodul es 704.
When mul tiple wafer processing occurs, this may be known as cl uster
processing. It should al so be appref?ated that any or ‘all of the drying 15
"nodul es 704 maybe repl aced mnth a nodul e containing the cleanlng/drylng

gt B S R IR 0
~modul ﬁ%%lﬁfe 6;9%&1@ foatiet 110 2Rd BIEIGHLITEIN 106ted B8 a Bragfctitberibly @00J on. I n

processi ng system 800 has the franme 720-
cont aiThe M fer p:bmssahg system 708 @s sithi thg walkl precessiong systan $A0 mexthaye fbbcessi ng

o oo PHEhle bR AR GRY S g%«‘ﬁh%oﬁse@@ﬁrf‘éu%s Siondr 08 gBgegs [0 L one.
mogul g5 egé%%l(i g&seﬂa{gﬁﬁg&ggs ﬁeﬁ?g‘fﬁb&%ﬁ’ésn tnd ORRAY nhdfulost MheveFbreranpr ocessi ng.

sysStem ont end | oader 710. The robot 712 may take
‘the Waf)ﬁ:atixs@mﬁi@fdrreamhpleeﬂﬁWafmcessﬁlgaystemmdmw 102 into any

one of the plurality-of drying nodules 7 4 25 [.n dinent, the
etchi ﬁ@weéw@evp@cswa oAy, 1Pé‘F’§F’ eg‘i?:ﬁ‘@ﬁfé’i% been  renoved:

to gene ﬁlﬂqw %{%{i :qufes cTibbdGE inPdy: e drying .
rmdgl 3%@%%“%053% nel’ ugglg the cleani ng-a fr?i?}:llng system 60]}2l desbgtrdlﬁbed Yn g‘ '
- furt h(ﬁ[teﬁﬁtedldrymgsyﬂt&ﬁ&#lﬁmaﬁtegﬂtﬁgﬁhethbﬁmodhﬂesmfmmcmm dryi-ng and
cl eani ng. maybe acconpli shed. [ wthin one dule. 48. Fi 6@ il lustrates
.. A0 wa rrchiteetressysicay alierative %PW?%PW@@&‘W% )%:gf%ﬁ W84 and a -
cl eani dul CHRL t esent
{hflge#ﬁ% gh%:réég%ﬁ Poca %?{lﬁgnwd?ik RIL a5 R AR B meulé. "8 dpiee

I nven er processi ng. syst em 800" can i ncl ude

" a sepafbb@inidréahe %féf@ddd&sﬁgl@jﬂstaﬁ 7700 @nayeinelugé thre¢ bthe lehingmoduleul e 850.
It shoul d be aégremat ed 5 that_any sujtabl e;nunber .and/ or ﬁ es. of
cl eanitRd andfeelthe dedngrmpdyles 704 Whep mpitiple, W%PWW%?‘&‘?S Y ¥ystem

800" ch .as ¢ dde[@ﬂhﬁﬂadjmt m@@ggﬁ;gnl C- _
cl eanlb%m ewa?:ghg{e ?pocggg{noé]%swlgﬁlsngr#%}?%{c eani ng r?oa?i?ﬁfe 850 may be a
bn§sh nledales Tioe dhastisdrepiacedmythizemadiie suntaitietheycbaniie/dryingsysiosa @030 can

- effectively clean wafers such as kgﬁ&wgpthose skH led in the art.. 10 In

yet ahethrdeaningens dryme may e gegogp! S§80E d8f 800" may have a
cl eani ng
Figure 19 shows a wafer processing system 800 w1thout the etchmg module 722in

- accordance with one embodnnent of the present invention. In one embodlment, the wafer
‘processing system 800 has the frame 720 containing a plurahty of the drymg modules 704.
- 20 The wafer processing system 800' may contain any suitable number of drying modules '
704. Tn one embodiment, the wafer processing system 800" includes 8 of the drying
modules 704. The wafer 102 is shown bemg 1oaded into the wafer processing system 800
- through use of the front end loader 710. The robot 712 may take the wafer from the front
end loader 710-and load the wafer 102 into any one of the plurality of drying modules 704.
25 In this embodiment, the etching module 722 shown above in reference to Figure 18 has
| Vbeen removed to generate space to add more drying modules 704. In addmon the drying
modules 704 may inchude the cleaning and drying system 602 described in further detall in
reference to Figure 16A. In this way both drymg and cleamng may be accomphshed

within one modu_ie




: enbodl rrent o

~of wa proceSSIng syst e

nodul e 850 that is a megasonic nodule. In another enbodi nent, the
megasoni ¢ nodul e may conduct other types of processing besides cleaning:
~Any suitabl e megasoni ¢ processing device may be utilized as a nmegasonic
nodul e such as, for exanple those described in U S. Patent Application
No. 10/259,023 entitled "MEGASONI C SUBSTRATE 15 PROCESSI NG MODULE". The
~af orenenti oned pat ent appllcatlon i-48 hereby incorporated by reference.
Therefore, by having various types of nodul es or wafer processing devi ces

‘i nterconne roce te ner ed have the
l:ap'abi I ty %“Iﬁtﬁla‘{l ?‘%TIB‘% i %gb?%ogbﬁ‘agﬁb]flﬁ@lggs %’%}Lﬁe \2/1 'shows a
bl ock ¢4 &}% d AcealifE nﬂfdamllﬁgcéafwvﬁﬁpoﬂ&meﬁra%e PRseitt h one

, e present i nvention. .In one enbodi ment, the system 900
i ncl udention) Eaonaemisydiment, §yafer ploeedsig systeohS06 cai lqgllulﬁarﬁen%meon (CWP).

Geposlepiegpediln o qug%é%ﬁf“ %eﬁtqai‘xﬁadaxﬁé‘wﬁaﬁb ”ﬂsﬁ%@? R apgoHlaty: *can
+}§ms t@l%d 6, 908,

' ;L%ngwt%ﬁier eﬁ%ytj)re %1(%1 syst m may |aﬁ% ude - aII of t he . Z@Q.ﬂﬂrr%?or waf er

pr ocesaifagprbasking sydteral800f, dudteas mbirusk bow fort vaaiker bifush sqreblang eaits)can i ncl-ude

[l of th 902,..904, 90 houl d
al'so %&M&eﬁwg oviRueid o By oI LB g n ST S unber
of -an m%ﬁ%ﬁgﬁg V\ngthtéglet tﬁggof fﬁﬂﬁr géiptlﬁ?cdﬁf‘éffecﬁ%whhﬁﬁ types

se skilled in- theart. Therefore,

. the smaﬁsﬁaﬂadm“grte&hos‘elskﬂldmmm@/ann waf er processing abilities 30
depending on-the desires of a manufacturer or user. -49 The cl eaning system

- 998 may be AR it Rh®oalEdan (e waYS RO SHED sptemBOO" may havd £clelting h |
box(es),. spin, rinse, and dry SRD) apparatus(es), etc. Any. sujtable type
of - br sedubnISGihakp THEERIORIE arelp avether embgadianan, themeggeopisinodle The CVP

system 904 my itabl e t CIVP ap t hose

utiii ??%’gconfbé‘? 2@("5%9?163 oltlgrcf EToin- g%‘%eﬁ gping, @L&P@ﬁlﬁﬂ%@s g’?ﬁe megasoni ¢

- Syst egydRY Jagg Q0\8cSaf B8 GkilipRTasDRasoRic 161 Bach as| forteRemplynsni C -
proceSS|ng evice as described in further detail in reference to Figure 20.

- ]'cl'he eﬁcﬁnbgdswﬁk%rﬂammcﬁﬁﬂdlw ICV%@ 023 @ﬁﬁ?ﬁ"&ﬂ@’@@é‘mﬂ@%ﬁe sucE as,
|05 FROR S BRGd?’ TR St el A Rlont HcRgy AU BoatBhed by OUOT

et chi pefefedBe.! ThéeRIr@ B8 hatiroRedus tpies SYﬁIoﬁﬁleﬁ anwald peqiﬁessmgﬂéwcdse utilized
along. with the etching system 908.
interconnected, wafer processing systems may be generated that have the capahlhty to .

wutilized multiple wafer processmg methods.

_ Flgure 21 shows a block diagram of a wafer processing system 900 n accordance

- 20 w1th one embodlment of the present invention. In one embodlment the system 900
includes a cleamng system 902, a chemical mechanical plananzatlon (CMP) system 904, a
megasomc system 906, and an etchmg 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 inciude all of the

25 major wafer processing tools. It should be understood that the system 900 can include
one, some, or all of the systems 902, 904, 906, 908, and 910. It' should also be appreciated

| that the system 900 can inc_lude any suitable number of any of the systems 902, 904, 906,
| A908', and 910 as well as other types of wafer eroeessmg systems known to those skilled m

the art. Therefore, the system 900 has great flexibility in wafer processing abilities

30 _ depending on the desires of a manufacturer or user.
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The drying system 910 may be any drying system descri bed herein that

. utilize any of the different enbodiments of the proximty head 106 as

. described above in reference to Figures 2A through 14C. Therefore, the
drying system maybe the system 100, 100-1, 100-2, 100-3,100-4 or any

vari ant thereof. Therefore, the syg&9g1900 may process the 15 wafer 102 in
-any suitable nunber ways and dry the"wafer 102 in a highly efficient and
~cost effective manner by usage of the drying system 910 of the present

i nvention. S;rﬂé o : ' . ' 2 f er production
.costs and r_i;al:ilﬂ‘agéel wa %?W%“S?%%Mr‘fuﬁ’g&‘rﬁ ig&%@@gr o%ﬂls%gégg'%oavﬁfm%&enpl ary .
enmbodi.¢xanipte, bineshdor (s fspin, 1A, ahd deyo(SRDY dpParatiis{dsy; 2td. y Amysulisblptypeessed by
at least one.proxinty head where gg ei ther 20 nopvenent of the wafer

and/ orein _ _ . Ipﬁeé@ﬁhquﬁ@aﬁpot%%e?ﬁ@%il%ﬁ may
on or 1957 8t litab el of OO PRkt 188 b Rose Pl ARG oL PRISIEF GbRE 1 N

ri-13si Nghe ddtnfore DBRS, Y. I THethegaR6HI6 85iEMGn A  bd HiRe avalesdribed abevdhaneferarst r ol of
t he meniscus and reduce randomfluid -novenent. on the wafer during wafer

procedeithemegsanicquesnssipg dpyice sedeseribed ini fugtheretail inzsfopmmee da Eigwee B t he

Lproxi sty head(s). . 0 _known. as ni £l d) fer .or SSi : as, for-
St TR B0 ey by B Sttt el Boulh BT, R RS

ef fi cigetthdrandiades a roboSthatdatl dbeain BRVAI6H thiigha8dd Tobke afd proceis the wafer

- head/ mani f ol d: maybe ‘any suitable. configuration or size as long as the .

proxi rinany nealienelnroesse modules wheee ¢ichingisan takeplacgi Andeposidionsye@saind .

.appar at scri bed herein.. |.n . ref erab enbodi ment, to achieve 30 .

E p"ﬁ@ceso %ﬁﬂg& %@%edragq&g&&w{lﬁ%f){sﬁ%nh@% scus on the wafer surface is"
uni form -5Q_t hr oughout t waf er. Therefore, scanni di recti.an and speed

~ maybe cont r1 elé’é]‘“%éyftﬁ’é‘ ﬁp%h%a%f@aﬂ%% ang%rw F"ﬁﬁ%%fer:

- Fi 0ur ittt bfBbi RS KE B dad PP LRLEARd Wbode MR EEreREQBES ST NG

operation where er 1108 s scahned ver't I cally 1 n accordance with one
enbodiFipmts 2A throngk 18Ce Shetcfomey thetdraing sysieromeayehetbe systern, 100hE0OxASf er 108 i s

o eceritiib AR S oy sanms theed illepBifien e sygm ORmEN IR B ont at i on,
the suifacroh &Q%m‘ﬁﬁzfl@huﬁﬁémaﬁ.{ﬁﬁeiﬁ?% Wtes WS tANkicRly offibRheddElost 0

processi ng W ndow 538 ofthe proximty  head 106a. It Should be appreciated
t hat teffilectived manid ®ymaggdef the doying systean 810 of the\pecheteiprentiony Therefore,

~configuration of the 10 wafer prqcessi.ng. system .In one.embodi nent, as
G S cudhE e pateahdfo may IS o T bR dioss Tha s RasE TR |

" Figures 22A through 25B show’ exempl_ary,embo&iments' where a wafer that is

_ _oﬁ'énted vérti(j,ally may be pfoc'essed by at ieast one proximity head where by éither’

.20  movement 6f the Waferlandfo'r moVemént_ of the at least oxie proximity head, the wafer
surface may be procéssed' i}ertically from top to bottom. "It should appreciated that wafer
processing as described-herein -may include cleaning, drying, rinéing, etc. The vertical
processing of the wafer can enhance .control of the meniscus and reduce random fluid
movement on the wafer during wafer processing. Consequently, by use of vertical wafer

25 .prbcessing by the proximity head(s) (aIso known as manifold), wafer p._rocessing' such as,
for example, cleaning, rinsing, and/or drying mﬁy be accbmplished in an eﬁicie_nt manner.-
It should be appreciafed that the proximity head/manifold inay be any suitable
configuration or size as loﬁg as the proximity head/manifold structure is consist_ént with
the metﬁodS' and apparatus described herein. In a preferable cmbq&ime_nt, to achieve

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




- Figure 23A, the wafer 108 is held into place and the proximty head is

~ nmoved froma top to bottom scanning moti on, where a top portion 108c of

~-the wafer 108 is scanned before a bottom portion 108d of the wafer 108. In-
" such an enbodi nent, the wafer 108 is positioned, in a substantially -
~vertical orientation. The position gf the wafer 108 with 15 respect to the
y-axis can therefore be in any sui tabre angle as long as the top portion
108c of the wafer 108 is | ocated hlgher along the y-axis than the bottom

. portio er. 108. In referable 7 11 fer 108
i s pos‘ﬂ(quﬁﬁ%‘ﬁ t{“oWB v\éﬁ‘ﬂeé SHapwgedirseyPoan Speq‘ﬁ%trggg 5 rlggﬂ&?lrl\' suc :

~enbodigeitonsthie P EGhhed EVeneart: it6@afRy move vertically in a- downvvard

- fashion anc&lsprocless t he waf'er gurface fromtop to bottom 20 In another

STBo0 et il e LSO e ROl htepRicoand e vl o

108 nay be ve i na nmanne els processed ina

. verti c@jeratfonsiticd thahesfer 10%:is samnpd veitioally Bimcaklandeewith bae etbedirsert ofinned
" before the bottom portion .108d of the wafer 108, |t. shouldaﬁ %Xem at ed-
t hat athypsq;mtaeveltsevheenwmh@ﬂgm the wefer 10fis priept ef‘d“ﬁd(?émi B“’BE imty

head | 06a vertic a Bealg08. | N one
enbodi ifeh°P P ﬁoﬂd&%oﬁ&eﬁ# ad@fﬁ%@g&%ﬁ&eﬁ%@%ﬁ Eed tc an arty;othat s then
‘at t achgghat On SudhBe GHEnGHond@Y iseEade® Y ®afdh Beipl processed ik eabktatiallyi n a _
~vertical manner In another enbodi ment, the (grom mty head 106&?‘%

il tat e

di rectpayallelta pmessmawn@@wvaﬁmthe BROXirBidy Bea 4t shiouid b apprrc

;'.-m)veme ft oxl fer 108
~and to %@8 “falrtul% IBJ yﬁet%//d‘lﬂ&@ %%‘%%S‘Fﬁ?tgﬂ‘?‘}‘g%por |o%§%:°ng¥ﬁh%\g t he :
: Waifoer WoRr pRctRt e kleRIn ]BQihE leftibodRSeht Ofs didtRssbdfie furllts detailin ¥efepenor kori t y

head described herein. In ref.erabl e enbodi ment, - two pI‘OXI mt . heads 106a

“heads. merq&%gébeweﬁrelgwda into\plage ped theguoxipatyhirad &3 maved {9 head

©may pr s the .other.side of the -L06a and |
- 106b nﬁ&’f}’“%‘ Sronuine Mo YATC S 8"%%8?’%? Fhrﬁnpgfe g%isﬂfgé%éuaﬁn%hloob may
be utipdtigedp or\t{@ﬁﬁ%@@ﬁﬂiefwéibﬁlw qnlsﬁbﬁane:hbsmmdndthémfd:doms)rem ated that

©.a proxi mty head 106b (not visible in F:gl%gre 22A  but Sho%ﬁ an exenpl ary

-enbodi Mmoncd Wﬂgmmyamcme%@ﬂb M“&P&f&’%ﬁ&r Broximty

: 106a rocess. b LS 8% Sbrtioae ogef er
-lggd *Hel bEo er § gi){lﬁlﬁﬁﬁﬁ%ﬁ}regag éé %SS Wi n é%gws face each
ot her -_ofrtB@ m&f&qesss Rigated h1gher along the y-axis than the bottom portion 108d of the ,

o wafer 108. In a preferable embodiment, the wafer 108 is positioned to ble vertical along

| the y-axis. Thei‘efore,‘ in such an embodiment, the proximity head 106a may moire _
‘ ?erﬁcally ina 'downward' fashion and process the Wafef.stlrface from top. to -b'ottoni.
20 In another embodiment, the proximity head 106a may be held statlonary and the '
wAafer 108 may be moved in a manner such that the wafer su:face 18 processed ina vertlcal
- 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 apparatusma)'_f
“be used to move the proximity head 106a vertically so as to scan the surface of the wafer
25 . 108. In one embediment, 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 proxiﬁﬁty head 106a may be directly attached to a mechanical
| dewce 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 1080 of -
| 30 the'wafer 108 lto the bottom portion _108d of the _wafer 108. : '




W ndows of the two proximty heads may then be oriented in close proximty
to each other. In such an enbodi nent, the space between the processing

~wi ndows woul d be Iarge enough so as to be greater than the thickness of
the wafer 108. Therefore, when a neniscus is formed between the two
processi ng wi ndows, the proximty hegds 106a and 1066 may be noved down

- from above the wafer 108. It shoul d Bé appreciated that the proximty

-heads 106a.and 1066 (or any other proximty heads described herein) maybe-

.15 - suitable dist: . t he. waf er as_| st abl '
contron T bl ShEwd I Rt led AL ORIR o oL BRI AR 22A° || e
enbodi, pRihowiil aReR&hplatyeribeifent idG8aa0 @2& ARG 220G nVetustd dlofigwith about 3

- .nun away from'the respective surfaces bei ng processed. In another .

~ “enbodi theroxintity headA06a toyprhesssibothoaferswfatenin thetwosidesof themiafenl0%hout 2

v, fromth ctive . surf bei . d, and d re bl e
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1066 nove downward, the meniscus may contact..the a top:edge of the wafer
108 andthensidp ohithe yifergt 08wiThe gproxiuitychehdy Hotamadi196b snay heanyrssitahlef ace of t he

~wafer- 108, and. t he, ot or. i ng Wi .ndow id f a. | S M th th
ot her BORIEREheH 4R ol ¢ DR EbIE APPH T BT BT A% hat t he
- waf er BHORRHThAShONF AL A hEOME AriiBsshl viRfbws 1SS Each dtnd?! The Pidokssigads 106a

-and 106b starts by initially producing the neniscus-on the wafer instead

. of . noviglowisef thrtwoquexinmitychdade magthen HeOdridmahinatboserokimityoo eadk t i on 108a.

~ Fi 22Bjllystrates..a wafer eSSi- ti nui from Figure 22A wher
B Feer dneyhendokenibort S olee baver antaeestie arers 1o i 4Eor dance

Wi t - 0ggwu3 6 TPRAL BRAtePlhah IR RIKAERIF N/ Gl 08, THeRBSte WA MENt, ‘the top.

. surface of the wafer -52 108 is positioned In a substqnt’l_al ly vertical
©or i ent meniscusse forired thepvemrthetwo plocessingnaindows,11h8 praxdmitydicbde]l acandyi ew

om0 s Bl g ST s 5o TS SRRSO %, s

- Wi ndov,33BnitPheddd 2064 £ 106X 0P SR othBGTo Rty RordVALELribEHHERES) 18 BY
‘ pro.(_:e.\é\%xgggmlt)ﬁﬁone gnbodi‘ n‘ent(,o. -t he .proxiomﬁ%y-he_ad_ -1o§1a'. is confi %{jred. to dry
t heS wednyrsuitdige distarsa eivay frosntheovafent (8 asHeng ps asebl antrotleblsd®niseuel | i gently

o scey B3 gl 80 The B PEERDIFR- 1088 SPEPAENGT e PIOBHE A bot  om
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- processed. In another embodiment, the proximity heads 106a and 106b are about 1 mm to -
o “about 2 mm away frofn the respective surfaces being prbcessed, and in a preferable
20 embodiment, the proximity heads 106a and 106b are about 1.5 mm away from the
o respective surfaces being processed. As the proximity he‘ad 106a and'106,b move |
downward, the meniscus may contact the a top edge of the wafer 108 and one processing |

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

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

25 o 1t 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 accorc}ance with one

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




portion of the wafer 108 Wi ll becone larger in a top to bottomdirection.
The generation. 10 of the neniscus is described in further detail above.
By processing the wafer 108 in a vertical orientation from top to bottom
the - meniscus 116 may be optimally controlled by linmting the forces acting
on the meniscus 116. In such a vertjcal orientation, only vertical forces
exerted by gravity need be accounté “for in the generation of a controlled
and nanageable meni scus. | n addition, by 15 scanning the prOX|n1ty head 106

: ner f et ort| pggOr i ent ed
waf erd@ggs p?ﬂ‘é"‘? grds %&W‘?@lywﬁa&ap ‘1’6@“‘ °§{S 8@2%1%‘%@35 ﬁeen may be.
kept  dE ivRgbié Whéﬂvilﬂt h1684 a WBALGHal aki. SASE pREKHHity bﬁﬁdﬂﬂ@aédi@esflhﬁoldll&eor

- nmoisturein the regi ons of the wafer 108 not yet processed woul d not

nove Ln:nwyamﬁtthgqurtipsmw oenfseus hlG wéqgn@ﬂrbmm@pmesywpwm 22C

 ocor dhbEPweRE e e dn B %f% & ke RorRb I RO RORSE 2D, " e

IO“BX' rf? Yrdi Qyiagzﬁim Yhé@ﬁ!fér PO CRSSueR aﬁléﬁi%dﬁe‘x‘aﬁl’the circle of
‘ et 108) between the op po i on 108c and the bottom portlon 108d of.-

the Wefracesd @@ndow 638 tcligeritlylcostrolstapd nidmegesthe mepissue 16 $ng16]§?8 4Son

continyed from Fi ure Cin_. 25 accordan di of the -

O eriladh 5 S mhe! 1o gat<s fma o aospBIons ol el TR HERudh &

finis r | edﬁ@ah ‘t he
m%ﬁyaﬁﬁﬁagg ané %aeeghs T'gwe%&eeas th@dﬁﬁ'ﬁg probadiceaplacehe

~ proxi '106a 106b are processing the respective sides of the
~waf er pbdBon afsthe paferi I08svitifbectrae irgersioadop tebattone dirhctsdnd el'te genemtipR ocessing -
. and are o | onger, |n§9ﬁlgeé th %‘Fe waf er 108, the neniscuses on both .

sil8es Hihe @%f abO¥f- 30 becone one meniscus. -53
Fi gure 22E shows t he waf er proocessing operation_continued fro tﬁn Fi gure 22D

in accorddiﬁéﬂoﬁﬁﬁsﬁlgdhé“@ﬁ%dﬁﬁﬂ%ﬁtveﬁwal%eﬂtﬁ?%@?ﬁltPﬂ\%th% s shown in

Figure Qﬁg Mak ehitehy head

devi c %é%ﬁ?g%&q%ﬂfg‘ éﬁ has ]% I ni #ﬁgtggﬂglgsngc [ UutB er 108. 5 Figure .

. 22F shaes Iﬂs&h@vetuéwo@fentahen pmywémw fﬁﬁ&d@x&:ﬂﬂabyag:dvﬁf)ﬁeadshet uat ed over. -

" .the top portion of the vertically positioned wafer 108 i %ﬁlltlﬁ ce with
one erfiserHniehior inthergsacrgiion ahe conftaliediagd manaeenhde EWBE&%Q‘H& Ba‘M oximty

hei%ds 191%90@@1% p}%ﬂ'u%ad 106 in a downward manner from the top portion 108c of the

vertlcally 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 mmsture in the
_wet regions of the wafer 108 not yet processed would niot move up against gravity into the

B alrcady dried reglons

20 B Flgure 22C shows a contmuatlon ofa wafer processmg operatlon from Flgurc 22B
in accorda.nce with one embodiment of the present invention. In Figure 22C the
-proximity head 106 has almost: halfway (and processed about a semi-circle of the wafer
108) between the top portion 108c and the bottom portion 108d of the wafer 108.

Figufe 22D illustrates the wafer processing operation continued from Figure 22C in
| 25 accdfdance with one embodiment of the present invention. . In Figure 22D, the proﬁtimity
- head 106a has almost finished scanning the wafer surface. In one embodunent 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 i in contact
with the wéfer 108, the meniscuses on both sides of the waféf come into contact and

30 become one meniscus.




formthe neniscus 116 as described above. The proximty heads 106a and 106b
> maybe noved substantially together downward to process the wafer as
“described in further detail 10 in reference to Figure 22G Figure 22G
illustrates a side view of the proximty heads 106a and 106b during:
processing of dual surfaces of the wafer 108 in accordance wth one
- enbodi nent of the present inventioff-1n one enbodinent, as the proxi mty
heads  106a and 106b nove downward from above the wafer 108. As the

- nmeni.scus 116 contacts the fer 108, the 15 proxim.ty head 1 orns a
- neni scus 1¥egureighE Sb%s “]RfSc‘?.?ﬁ’&gtoR B)‘?Pﬁ‘ﬁ’?‘&s’dl%’élaﬁ%%%ﬁ?cl)&r s a

meni Seus, 4468 Wit ihd DS ok orEl S on A SRS i plird B3 k062 Ry

' processTone si e proximty head 106b may process

. the o hﬁﬁm‘itbrdﬁa@fw&d‘(anwaﬁﬁi 1f a‘kﬁnaﬁpmtmﬂyﬂeahdnmc is beinpatilidedchasnder st ood
" that the proximty heads 106a ‘and 106b rmay be noved downward, or .the wafer

108 nipished procsssing thaveferoh08: he 20 proximity heads 106a and 106b maybe

- noved downward while the wafer 108 is noved upward. Conseguen the -
"scanni ng ofFlgthez\REfshow&@&dmyewaf(@wmr%enWsheﬁ@Sb@ﬁ?%‘dlmﬁls ab 9 fent as
~long as the prox S 106a Bnd ONEN B Ent NOVenent
relat |%°Pd’°ﬂ‘@‘9\g'}“é¥' gﬁi W‘% agﬁ've X o%vxard scanni %tg not i on,
~-.the di, | Ao fe"eﬁmoaﬁﬁeﬂtome ;tmﬂghb&&awnb dddeto6afiery 108 to the
o bottor‘#por | on &%b ofn the waf er. @% h-Figures 22A to 22G shows.
Jthe prfomlthetmeﬂnesaﬂ llﬁaadmba@;alﬁamn'ﬂfefpmm s bpoa anel 1QoPanayiis across
" .the dianeter_ to ave e edge of -t he waf 9 bed i may- be
coutili MWEP%@ Yﬁ?%ﬁd; Wﬁ%tﬁﬂgﬁﬁ%wg%% estcﬁe vva‘ er near a .
ot q@ qu gg‘ten @8 and noves toward the surface of the vvaf er 108.
ose rOX|mty to the waf er surface, the neniscus is formed and
the men SCYs el mﬁﬁ%&wm waligoehABring n yet
anot her m@ﬂﬂ%‘gm%s?%@l m glp may process gn ly a portl%n of the

waf er p‘irétfefss’,iﬁg of firfl $uFack3 Af Weﬁlﬂmﬁeaccprdmesmthgne yslbedlmm péthehe waf er
i's hel'd stationary in accordance wth one ¢ O@sﬁ@% 1 &égg}resent

i nvenmrmntlﬂlﬁem@ ém&@@ﬁflﬂn%é“%?é?ox% F B YBy hol ders

- 5oo. I Sho”égig {ﬁ&{eﬁoéh mﬁeb&%% &%cmbeaa&&mosuukabl e type

~of de can e wafer. 108 and still enable the

o sqenm;ﬂ@nﬁﬁtytﬁbadmse formsrafme:ﬁsdms mbe withotk maffer 1908 aad Hosproxinitybeads or

: g)r(rggg Iller%]':]t(:a gggﬂqg%gﬁﬁ g r@e\{@agetf&fg @8 atl!lg'(e: ore, 'E‘ﬁe pro%rﬁlty hlad UIGT 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 1062
and 106b may be_mbved ddeWard, or the wafer 108 may be moved upward, or the

- 20 proximity heads 106a and 106b'7rpay‘ be moved doﬁmwa:d while the wafer 108 is moved

upwafd. 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 waier 108 to the bottom portion
25 -108b of the wafer 108.

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

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




hel d and noved by-xproxinity head carrier .602. It should be appreciated.
that the 10 proximty head carver 602 may be any suitable type of apparatus
or device that can nove the proximty head 106 from above the wafer 108
and scan the proximty head. 106 in a downward manner while keeping the
proximty 'head 106 in-cl ose proxi m'% to the wafer surface. In one

- enbodi nent, the proximty head carrt®r 602 nay be simlar to the proximty
"head carrier assenbly as shOvvn Fi gure 2A except that the wafer is oriented

15. vertically and.the _prox ead carrier conf Jnve from .
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carrie may be noved dovvnvvard Therefore, the rel atlv do ward scan
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he ‘hol ders 600, such as descri ed in reference %o Fi gure 23A,
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- 23C shows a waf er processi ng- syst em where the proxinity head extends about
a. r adipusximify ltchd cavziceass¢@BIY 35 showorkigire @ Anpxagpbiiat @ﬁﬁ%?rﬂé AECHFYt he present

15 .vertically and the proxmnty head carrier 1s configured to move from top to bottom in a

‘vertical manner. -
Figure 2_3B showé a wafer proéessing system Whgre the proxi_ini-t_y head carrier 602’
' ma_y"be hel& in place o_r'mol\‘red m ac’co'rdance with one. embodiment of the present .
invention. In one embodimént; the wafer 108 may brc_hcld by edge gxippef 604 and moved
"20 upward. By.this ﬁp.ward motion, the wafer 108 méy ‘be scanned by the_prqximity 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 mo‘ves downward. In one embodiment, the
prbximity head carrier 602' may be kept still and the relative downward scan may be
~accomplished bj the wafer being moved upward while scanning is taking place. In
25 ;anot_her- 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
3(} proxinlity head 106 has scanned over a rﬁaj_ority of the wafer 108 and reaches the édge ‘




i nvention. In one enbodi nent, the wafer processing systemmay utilize a |
proximty head that is capable of producing a neniscus that may cover -at
. least a radius of the wafer 108. 10 In this enbodi nent, the proximty head
106 may scan a wafer surface froma top portion 108c to a bottom portion
- 108d of the wafer 108. In another enbodinment, two proximty, heads 106 may
~be utilized where one senmi-circle o®-the wafer surface is procéssed by one
of the proximty heads 106 while the other sem -circle of the wafer surface
. -is processed by the other of the proximty heads 10 15_Fi e 23D shows
v prioper 60be heldo 0D Fush s SOHBOR IIRIRIISS (hEREHTe 1o NAY B WBer 1 cal |y
‘and the wafer 108 1 of L JA0G SR bR, WhIgBalaeRiG00he present
[ nven?"f‘fﬁz\ﬁl\ﬁbgﬁn%ﬁlgvgﬁb@yaﬁ%rf{](,"&ﬁlﬂg{eprOX|W{/&ﬁe% 106 noves in the fashion -
- as deggbidaRfithe WhfEel08] 8RGAgE Brifped60¢ n2BTelohid the wafertl98. Thme augther, the wafer
108 is rotated in direction 112 by using rollers i’O%E 102h. ‘ﬁn ' 102c as
_ di scusméal may beghevesiinte pasitiondorwglir PEocesNgIR§TAONS BX e BRE IS, ity head
10?-5 hgat may be utilized for vertical scanning of a wafer in accordance
with 8% enbodi ment of the. present invention. In one enbodinent, the
proximty head 106-5 is. at |east .as |on s t lLanet er ihe wafer 108
so the prokige 93(5éhﬂ”ﬂ@&‘é’ré’é%em%gmgwﬁﬁﬁtg%%%@ wz_il{ ?é%‘g%%péﬁgses at
1 east . dlln 0TS b m@lwdiBeL08h GhoorhihR Al e MiSBkaeRILthé presqutoxi M Y head
- 106-57Ts Iaong enough so the 25 nmeniscus produced by the proximty_ head
- 106- 5imentia)t Brsheanitodiméttethd iveafat pocesing nystemanayrutilige aprepmitydicade the
- regions of the wafer surface .enclosed within.the exelus eqghen. -
Ther ethat ts capgblg of proxducing aﬁ@%?%ﬁvtm&oﬁfé%éeasg 1'-aen‘%sl (?fletﬁg\gfa{ér Qg%’r face may
- bgy s¢apae Eh(#}. i 24081 rhay. 628 whitd-sarfase frogestoportion i nl et s
389 aﬁ@&éﬁ%ﬂén 'sggtﬂrc gﬁ‘tLP ts—ag04.r I%\S’ one enbodinent, there is_a plurality
- of s0QDgEtal Abctictn POionHABd iof tierwafer BIB. Shapethef embediment,{ye FFIZWY ounded by
a plurality of source qutlets 304 that forns-a -56 rectand Lhape. Two
| i nes headsd§@imedy heptgized 3dEreene Wﬂ@ﬁﬁoftée fvﬁ‘gerﬁw%f‘% l%’y o% %@H?@g outlets
304. | ! HULEE: deiti @irsle I theRafcs 8orfas ivpidcessed bjie sour ce
out | etogﬂl%gaio_}%gﬁu;&eggga%ﬁ@ﬂg pr otcesé3 W ndgw where -t he nmeni scus 116 may be
f or neghe dther cffibeipbxithite hbmlsdPpr eci ated that the proximity head 106-5 as
‘wel'l as the other proximty heads described herein nay be varied in size
t gshave di fi§@ir@RBDShaRS adndecmotbisginpayitemsyinie freqrexinify ka6 DB S§ar yi ng
the configuration of the process w ndows,,. the sige. shﬂgg rae'g?ntt he
f unct ivertiwhily gndthetwafentlf wiaes ingapcordangeatiduone FRbHme FRERT, the range

of invention. In one embodiment, the proximity head 106 moves in_the fashion as described
~in reference to Figﬁré 23C while, at the same time,l the wafer 108 is rotated in direction
112 by using rollers. 102a, 102b, and 102c as discussed in referenceto the Figures.
20 : Figuré 24A shows a proximity head 106-5 that may be utilized for vertical

scanning ofa wafer in accordance with one embodiment of the preseht invention. In_oné
embodiment, the proximity head 106-5 is at least as long as the diameter of the wafer 108
so the proximity .head7106-5 can produce a meniscus that encompasses at least a diameter
of the wafer. In another embodiment, the proximity head 106-5 is long enough so the

_ .25- meniscus produced by the proximity head 106-5 can extend across the diameter of the
wafer so as to include the regions of the wafer surface enclosed within thelexclu'sibn |

. Tegion. Therefore, by use of the proximity head 106-5, an entire wafer su‘rfac;i may be
scanned in one pass. The proximity head 106~5 includes source inlets 302 'and_-3(‘)6 and
source outiets 304. In one embodiment, there is a plurality of source inlets 306 thatisin a
30  shape of a line that is surrounded by a plurality'of sou;rq'e outlets 304 that forms a




sizes of the proxinmty head, the sizes of the source inlets 302 and 306 .as
. well as source ‘outlets 304, and the sizes of the ports 342a, 342b, and
..342c (as shown in Figures’ 24B and 24C) are as descri bed above in reterence
to Figures 11-14. ,1lneretore, the proxmury. neau 106-5 maybe any suitabl e
"~ size and configuration depending on_t he application desired For exanple, if
.one proximty head is desired to scan an entire 200 mmwafer in .one. pass,
~the proximty head 106-5 may have to have a process wi ndow that produces a
-meni scus_that is at.least 200 mm i e | f _ ' ; egi on of
 The St aelt shahe” Taveidts of BOwEE sy B8 Beaipbnd i tapitatity BFed °DL o0 O
- 200 Myuirgts e 9idond dmBuHRnBR! the @%@ iflets 302 @@ 306 axwall hy tHeesdrdes desired to
scan an entire 300 nmwafer in one pass, the proximty head. 106-5 may

- have ‘utlefa 384 maymodesip. the priesstwiadow vdwoe e menitshs 4 E¢ maytbeioraed. Jf | east

© 300 mmin.length. If. | usi region. of i he 300 mmis pat desired
To behrddabods epirsialeindifieb gt beare vl St Pt bRl ol
anot hekaRHediviatereih fnay @ varie®i ditd @l RvObiffohéent ¥RE€ ind Sorffisiritivmhsiof be

- processed by a proximty head in one pass, the process w ndow naybe a size .

. enbodi nent of 't

“that woedess wirddwse By waeying thesohfigiaation bfthe procgss wadowsathesiggi 8pef t he
- wafer. -Therefore, ..the size of . the mani fold, . process w ndo the . -
. nen s@{}gg}?ﬁﬂ?}@“@m&fé& H’Sﬁ‘éﬁ‘éﬁrﬂﬁyﬁ‘rﬁfﬂg ol quesH (?H“ﬂg'g? ﬁ%ﬁﬁ%%ﬁare 24B
.Shows. by hﬁﬁhﬂér LB fttNe BRack ihR8s 302 addl AR wanaesoréd one - 25
SMb%F\}S e p. &gﬁtﬁéﬁﬁﬁfftﬁ%. I n tlhi‘s?érfbodi'rre'_nt,_ the proxinmity head -
106- 5 oatlets 30#,nmidublesizeootitbe Bai2n34234 342b, andi3 42 Nes shown inl Kigores 24Bdi nent’,
.corres d to the_ squrce .inlet 302 . sour out.l et. 30 and._s. inlet
50 - 280 a9 degeritieg SbaysinCrIvEnSE 1 EiDUd 14 | THeR D iR, 345y
342b, ; - i bARE hnitB8 abflicateh desiRd. source
i nl et 19%%:5%% gﬁo}luérué%m&r%éea?ﬁ??gﬁ,ﬁ%% ﬁ%’egg%rgggtiﬁﬂ?%ql 306. - Al though t he
"~ ports 30 342x XEZU' g . . 0l els 2,.the
- Bource out H2F exfie, ir R it RELFRRRARA el ey DO6 il vefioct o
- enbod ioﬁEPhss, thie psbyailiey Head ap@pSanaysliad td hate 4 recemviadoB4Rat prédRios aand 342c

may. supply or renove fluid fromany_suitable source inlet source outl et
dependeriscenthents at depst YN mm Plength; Hahe oxsdusionary 8?8@%*@6 Rﬁ[’é‘a?“éf P¥h of the

SQuMrce. .inl d ' (o] .S iscus 116 .
B I e T o e
shape epimpleci oRs pseMimity headrid)deviasd/ tockeme mdl entiye G600 tive veaferf ingnegas theand _
~dimensions_of the gbrroxi mty head 106-5. As _shown in, Fi gure.24B he
por t | GOty headi 10618 naw(hiave to Rave 2 progestayindew Gt profticet® metiasly B2 e i nput

 at least 300 mm in length. If the exclusionary region of the 300 mm is not desired to be '
- processed, the meniscus may be less that 300 mm in length. In yet another embodiment, if

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

meniscus may be changed depending on the application desired.

Figure 24B shows a side view of the proximity head 106-5.in accordance with one
25 ‘embodiment of the present invention. In this embodiment, the proximity head 1_06—5‘ also
inc_ludes ports 342a, 342b, and 342c that, in one embodimeni, correspoﬁd 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 outputtgd through
the source inlet 302, the source outlet 304, and the source inlet 306. Although the ports
30 342a, 342b, and 342c correspond with the source inlet 302, the source outlet 304, apd the




- of IPAto the surface of the wafer. As di scussed above-in reference to.

" Figure 7C and 7D, by use of an angled source inlet 306, the neniscus nay be
managed efficiently so the 10 shape of the neniscus may be controlled and”
~maintained in an optinal manner. In one enbodi nent, source. inlet 306 may

"~ be angl ed between about 0 degrees ang about 90 degrees in the direction of
‘the source outlet. 304 where angl e 90 woul d be pointing toward the wafer and
the angle 0 would be pointing inward to the source outlet 304. In a _
‘pref er . j , | - 4 ah ; egrees.- It :
shoul d™ e&i , uggéegﬁsa%oeéatﬁﬁg?? ?[hggdslg[tyrn gt Sl:)hg’?ledtﬁ% ~an e@%ﬁ:hg]p?g‘tgl et 304

. maybe 3413 8404, and B2 Smbi alpply oraeglove finid fromyang ghitable eourbeirdetne saaicen, - :
~.control, and mapagenment of a stable fluid nmeniscus. Figure:24C shows an

i sonet eutlet derapdare anbe gonfigumtiop desiaerl. 1Beraysq of the confighration of the seHee |
-enbodi . ‘ t LR T i ofq 4 LQXL {1 106-5
50 shotiett 3R AR M eobité SUt@ 304 e nigs LY L6 By BETILA BerREaE) T 2
I ng udge peeimgHead 1065 afd B#Gvaee] 6. | Tt ftapbof &% hdiscuiie¢6 amynaey i ng hol es’
580 maybe used to attach the proximty head 106-5to a proximty head

car ri edeperding gnithmeandighuatien and finprnsians jof theaproximity hepd 106e5. rARFAGYRYID - -

-~ dependi.n e appli i on .desired, . roximty.head  106-5 al
e kg, W B0 553 0 (RS A6 B U Uelntlslo al e e BRP

- 25, opgIIPiAle thdQurFeadr g vedee A dikhifsed Soveiih vefbreace ibighre ¢ ash®D) d be = -
appreciated that the configuration and |ocation of the ports.342a, 342b,

- :342c, bymsesdan angled gouret indet 586, the meenisone malyibgnhangerd elicialy sedhe pe

~appl i cation.dependent and therefare .may be- .any sui.table configuration. and. .
38, | hpasr PERALEY mlY Be hPRRdlet sy RnRiiea i Rk gt b BT D0 "

descr i ghbsiihee Qirfe inld 306 ity HR adplRdUeeNEenabaL § deg@reecaRBabub9OW proxi m ty

~head 106-6.1in accordance w th one enbodi nent of the present invention: The.

~ proxi rdegyech dmthertigcton afthe seusce ontles 394 sdherongio 08 vamddbe patigggoward| n one -
oo s L 0 I A S ST R 5 O
- conf i gyeRbdiebodfieht ehd dufleSnRNYOO 1 An@led dbBat 15raygraap! 1y stdsiyd beli t abl e type .
-of cleaning fluid to the wafer. In one enbodi nent,. the process w ndow o
538- 2 unsprston) thefdbe sovrge indal 302 andisewrse putdet 39dymaphs sngledinanysitalfer | uid. 1n
anort heahg?enggtdxing}? Q}St_imltzg %&ée%%%%i%n_, cdntrol, and managei_nent-of a st?ble‘ fluid | '
meniscus. |
Figure 24C shows an isometric view of the proximity head 106—5 in acc'c_rrdéﬁcé -
- with one embodiment of the .présént invention. The view of the proxmnty head 106-5 .
20 shown in Figure 24C shows a back side opposite the process window which-_inciludes :
 connecting holes 580 and aligning holes 582. The connecting holes 580 may be used to
attach thé proximity head 106-5 to a proximity head carrier. The aligning_ holes may be’
utilized to align the manifold depending on the application desired. The proximity head
_ 106-5 also includes ports 342a, 342b, and 342, on a side of the prpximity head 106-5
25  opposite the leading edge of the proximity head 106-5. It should be apprecié.ted that the
configuration andrlocation of the ports 342a., 342b, 342c, and connectihg_holes’ 580, and
 the aligning holes 582 may be application dependent and therefore may be any suijtablel

“configuration and location as jong as the meniscus may be managed in accordance with the

descriptions herein.




wi ndow 538-2 nmay include other configurations and functions of source .
~inlets and outlets described herein: 10 The process w ndow 538-1 may then
~dry the wafer. The process wi ndow 538-1 nmy use any suitable '
configurations of source inlets and source outlets consistent with the
. configurations and functions descri ggd herein for drying a wafer ~surface.
"Therefore, by wuse of multiple process windows nultiple functions such as
~‘cleani ng and drying maybe acconplished by one proximty head. In yet
anot her e di lnstead..of multi : ‘ i’ﬁG”—@' 28k | oOcated on |
. one proxi %%nggh,@ﬂ‘ﬁﬁﬁﬂ%ﬁg%ﬁ?‘g%‘ %"%’%é%émgéﬁe utt i zglgat&o _process; .
t he -vafig ond@hkoditherit SPtRdresont RVenti6RXTHE proxiiayhealy106-6 includes twaf-er ~ and
~. another proximty head may dry the wafer according to_ the apparatuses and
et hodwbasgs witslowisisB8d nek $38r2. T oieramizEmenlothe ProceARMITAON SEETIRN ndow

proxi m ty, head .106-.7 Wi ee 20 pracess, Wl in.a ] ith on
Dot e leanne Mt itueid gt o 55 e VRGeS Tad bt o d SR A fisd | OnC
. PreXi Mgl XuidadcdiiulatisRio sttt e i@ Aid Sui1éts Bl ae iy apply iy sujulsie egmiaig Wi ndows

- dependi ng on the nunber and types of processing desired to be ac onpl i shed

‘. by t helganing fhiid yo theahfa) dn Pne Embodienentisbe prasass windewpy3§x3 mayjngl 106- 7

"~ i ncludes a pracess, W ndow 538-1. 538-2 ..and 538-3.. WyTHe) _9{9:]9-" nt, the

pr ope.@f&@%% thalgnay a@i@%ﬁ%%é@%iﬁ?‘é&%re%? ng, g?tl’nsl ngéﬁgyi ng, and

. dryi NGyiRAGK S38-2Mh RiMRude LR 86Afidithtons dhdFafctRmD 0€EouRoé inléth endoutistss Wi ndow.

- +.538-1 may forma nenirscus made up of DIWto rinse a wafer surface. The o

pr oceslesaitred eretB8- 2 may generate a cleaning fluid meniscus to clean -a

- wafer surface. The process wi ndows 538-1 and 538-2 includes at |east one’

- sqer ce i nl erhe3fR6cosOwaiidwy 538-Uinthyt theh tey tha fwenfers ik precess windesv 83:ddi nent

t he 30- process wi ndows 538-1 and 538-2 X%do ti onal inc#?%g s*glb%ce i nl et

302 anwaswgrRey suibbloeanfigurations phsqure inkets and squieq WGP MRS 1 uid

. Meni sg r 9SS B3 hereid B Red S8FabL UiTthefdloiesyls 116 to

o dry tﬁéﬁﬁv\ﬁ'yéﬁ?&l#ﬁgﬁ%cﬁwggggﬁgﬁg‘?ggﬁaate ‘?ﬁggaﬁee process w ndow %38-3 both

© ri nsegsabfmBltips ploeesswaindows titltdyle finetions sudhhes didaning ashdryinggnay ke nade up’
of DIW Therefore, different types of process. w ndows ybe i.nacluded in the

5 pr ox@ceemplished By ope proxingdy HF%‘K U anofheramabadiment, B‘sﬁr%tﬂl} & Eﬁleabov e,

| nst ead, ol RHoRE veflly 1hi i) HOUE rnfliPRRDrokinityhdads hRghe mul tiple -

ppgxi ﬁ%g?(%s%g'g] g“%&f%lhgﬁé&%gﬁf“}#gﬁ tg(riil Mrrx?)’re:o?gteiJ ﬁe prgﬁl}lmt 2eads may be

~used fusilizeld {d proedst thepwafepsheres foxfexample, one proximity head may clean the wafer

and another proximity liead-’may'dry.thc wafer according to the apparatuses and
: mefhodol'ogj dé_sc_fibed herein. - o |
Figure 25B shows a mult'i—pro_cess-‘window-pfdxi,m‘ity’ head 106-7 with three
20  process windows in accordance with Onerembodirr.leht of the preseht in_ve_niibn._ It should
be apﬁreciated t_haf the proximity head 106-7 may inblﬁde.any suitable number of -
processing windows dépending on the ﬁumber and types of .processing desired tobe
accomplished by the proximity head 106-7. In one embodiment, the proximity head 106-7
_includes a process window 538-1, 538-2, and 538-3. In one embodiment, the process
25  window 538-1, 538-2, and 538-3 are cleaning, rinsing/drying, and drying process wiﬁdows
respectively. In one embodiment, the process window 538-1 may form a mépiscus 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 53_8-1 and 538-i includes at
least one source inlet 306_ to apply fluid to the wafer surface. In one gmbodiment, the
| 30 process windows 538-1 and 538-2 may option_ally include source inlet 302 and sou;ce




. fluid nmeni s¢us.

; cl éaning,  rinsing, drying, etc. Wile this invention has been described in

terns of several preferred 10 enbodinents, it will be appreciated that
those skilled in the art upon reading the preceding .specifications and
studying the drawings will realize various alterations, additions, '

“pernutations and equivalents thereof, It is therefore intended that the.
present invention includes all such”alterations, additions, pernutations,:
and equivalents as fall within the tine spirit and scope of the invention.
15 What _J inmed 1S Al LWRUNOEL fOorpL | ' y: trate,
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" substrate; and noving the fluid neniscus over. the surface.of the - .
vert i qubtess windsaw 538-3 ot ringes and dripy the svafenyeacq hecause he ubmemssS ate. 2,

A'nmethod for pracessing S trate.as i ted. in gl aim o Wherei fe
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f1'ui d ranlfipldErossss siuddwsincorpoerintity head frelsiplsr proxianty heads may bosed [ enovi ng

" occurring froma thi regi.on that substantdial by sucrounds. the.first
Pegt ormiinane ot otrcotibe By ORI HECPE AR el BRHAES dudfras 1oL
porti Qieffnd Bfisi id,g,' ing €@l on, and the applying and the renmoving forms the
luid g S. g _r%ret hod for processing substrate as recited in claim2,
~wherein tNewii Shis bodflon faftifn dilorloifl il of SeRpIefelndtd. 4. A method -
- for processing. subsirate as recited in clal m 2, wherein the second fluidis
-0 lﬂ@ -O{e:hﬁdllg:hem,l it il gb @bptﬁbiagl)i mpbdfjise skillpdrin dletmtrmmngrmadlflgéhwedl& hyl
glycol, and _conmpounds m scible wth water. 5. - A net.hod f.or. processing
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permutations and equivalents thereof. It is therefore intended that thélphr,e'sent invention :
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- includes all such alterations, additions, permutations, and _gquivaléﬂts_as fallwnthm the
 true spirit and scopé of the invention. o
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What is claimed is:




first fluid and the second fluid includes applying a vacuumin cl ose
proximty to the surface of the substrate. 6. A nethod for processing
substrate as recited in claim1, wherein the nmeniscus extends to at |least a
di aneter of the substrate and noves froma top region of the wafer to a
bottomregion of the wafer. 7. A method for processing substrate as recited
in claiml, wherein the processing thé0- surface of the substrate includes
at | east one of a drying, rinsing, and. cleaning: operation. -61 8. A

met hod for processing substrate as ¢eaiM®d in claim1l, wherein generating
the neniscus includes, supplying a first fluid at a first region on the
surface of the substrate; surrounding the first region with a vacuum

regi on; sem -enclosing the vacuumregion with an applied surface tension

r educi fl n ; | & S eads
to theni\%acuulﬂmq?eetgﬁglrf\& %mh}%%r@f ?o%%g ﬁétgplrt%ggggtﬂr?ga ggggbs'{bg%klggs&%}g%}ﬂy I n

cl ai m Prientgd: ePSHgdri si ng:  generating an additional fluid meniscus on an
addi ti onal f [ A g the
addi t1 onal (er il iRertillcfithe uysitelf Beerfidipbiiahd AR PAT, | ]

ori ent ed suliseving &e tuig mogrusntist guer doklistifanead? ther Yerticallp foriehied ssubstratatte.

process the surface of the substrate.

2. A method for processing a substrate as recited in claim 1, wherein generating the
fluid meniscus includes,

applying a first fluid onto a first region of the surface of the substrate;

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

removing the first fluid and the second fluid from the surface of the substrate, the
removing occurring from a third region that substantially surrounds the first region;

wherein the second region substantially surrounds at least a portion of the third
region, and the applying and the removing forms the fluid meniscus.

3. A method for processing substrate as recited in claim 2, wherein the first fluid is one
of DIW and a cleaning fluid.
4, A method for processing substrate as recited in claim 2, wherein the second fluid is

one of isopropyl alcohol (IPA) vapor, organic compounds, hexanol, ethyl glycol, and
compounds miscible with water.

5. A method for processing subsirate as recited in claim 2, wherein the removing the
first fluid and the second fluid includes applying a vacuum in close proximity to the surface of
the substrate.

8. A method for processing substrate as recited in claim 1, wherein the meniscus
~ extends to at least a diameter of the substrate and moves from a top region of the wafer to a
bottom region of the wafer.

7. A method for processing substrate as recited in claim 1, wherein the processing the
surface of the substrate includes at least one of a drying, rinsing, ‘@nd cleaning operation. . -
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8. A method for processing substrate as recited in claim 1, wherein generating the
meniscus includes,

supplying a first fiuid at a first region on the surface of the substrate;

surrounding the first region with a vacuum region;

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

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

9. A method for processing a substrate as recited in claim 1, further comprising:
generating an additional fluid meniscus on an additional surface of the vertically
oriented substrate; and
moving the additional fluid meniscus over the additional surface of the vertically
oriented substrate to process the additional surface of the substrate.




