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I nvention The present invention relates to sem conductor wafer processing,
cleaning, and drying and, nore particularly, to apparatuses and techniques
for nore efficiently adding and removing fluids fromwafer surfaces while
reduci ng contani nation and decreasing-!t0 wafer processing costs. 2.
Description of the Related Art In the sem conductor chip fabrication
process, |t is well ﬁ;own tgat there is a need to c; an and dry a wafer
where a f ally sd:emnf Bqu s trato E)r{(welefscsn? S mlgwsged

resi dues on aces o r anp 0 ion
operation 15 incl Mbﬂdfﬁ; fﬁ%ma &, fﬂ&;ﬂ (VEB)) and
cheni cal nechani cal polishing (CWP). In CWP, a vvaf er is placed in a hol der
whi ch pushes a wafer surface against a rolling conveyor belt. This
conveyor belt uses a slur R Tl | §al s and abrasive
materials to cause the po %M process tends to

| eavg an accunul ation of slurry particles and residues at the wafer
surface. If left on the 20 wafer, the unwanted residual material and
particl és Figld ebiiednvemtbory ot her things, defects such as scratches on the
waf er surface and inappropriate interactions between netallization
features. |n Blongesasas/entoe helgted e:ciemiatmducmumfﬁqnbmsingnclbduﬁngmér to
becone dhnoperabl e. In ord?r to avoi d the undue c ts of disc |q§g waf er s
havi ng i95%H8Ra%) TBore Ry, tg ap@retﬁéqswéﬁ%chﬁ%@g mporesthirigy Y?ﬂ Gaf er

adequat by ryrﬁswﬁgfdu #%M:ﬁ%ﬁ ﬁﬁfaﬁés &g@é [&ibing f&oﬁ@ﬁﬁﬁét‘i&ﬂ&& dtedsRRY e

unwante resi due ter a waf er en wet “cl eane e wafer nmust be
dri @0 effdatproedsying@opsevent water or cleaning fluid remants froml eaving
residues on the wafer. If the cleaning fluid on the wafer surface is

al | oned 2t DAYAPGoATE th@Reltb@lly happens when droplets form residues or
contam nants previously dissolved in the cleaning fluid will remain on the
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spots). To prevent evaporation fromta
to clean and dry a wafer where a fabrication operation has been performed that leaves

unwanted residues on the surfaces of wafers. Examples of such a fabrication operation
15  include plasma etching (e.g., tungsten etch back (WEB)) and chemical mechanical

polishing (CMP). In CMP, a wafer is placed in a holder which pushes a wafer surface
against a rolling conveyor belt. This conveyor belt uses a slurry which consists of
chemicals and abrasive materials to cause the polishing. Unfortunately, this process tends
to leave an accumulation of sfurry particles and residues at the wafer smface. 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  fabnication operations that leave unwanted residues.

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

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



pl ace, the cleaning fluid nust be renoved as qui ckly as possj i
the formation of droplets on the wafer surface. In an atten%?kg%Wh¥?9H67
acconplish this, one of several different drying techniques are enpl oyed
such as spin drying, |PA or Mrangoni drying. Al of 5 these drying

techni ques utilize some formof a noving liquid/gas interface on a wafer
surface which, if properly maintained,?results in drying of a wafer surface
wi thout the formation of droplets. Unfortunately, if the nmoving |iquid/gas
interface hreaks down, as often happens with all of the aforenpentioned
dryi ng nmPeHEauREAIST SYPOrYin (s WEVaERFRA o LRIEYFY GVaRUPHPH Forfaking
contamn I . : f : ) yi ng
Fechni QUG teipE PhiCitcY 4ot BT ap pONE wBRhy BB O

nmovenment d@bldtd @aitiengatt dirthse Olh & Wadngyit td Aecduiplizy this, GRDbUrsgiergl giffec@ss. | n
this drying process, a wet wafer is rotated at a high rate by rotatjon 14.
In SRD, #yingstechsiquesant pnplayad sydrasespin draingalih, grMaraageniyinguidl efsed t o

clean. thg wafer i.s.pu d.fromth cent er of t i de of
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moving liquid/gas interface 12 is created at the center of the wafer and
noves t oforationef diopistsofUnfestunattlys if(the moyingHequid/gas wigfasgleesks o ™nhas novi ng

the exargid BPorrguReed o ertpibragots B TRES SRR BRI aRED) “The” '

novi ng | dapb@figRscduds %sﬁﬁi‘ﬁ% it oSk R8s BdiAMdihen el sfepfidfiche out si de 20
area of the circle formed by the noving liquid/gas interface 12 is the
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inside (the dry are t he [ gas Interfa I NCr eases
whi | e t heillastesed moeement afredahirpufisiic en afwaftrel (dwimgan SR{udyingasotessebtf ace
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is inperative’that opl et formtron nd the subsequent “evaporation b
| i m t ed centek efihe caiitanithaotsidefdf tiof whiee and fieallg ufffdcke waltdnfasshewmabgl y, the

present drying nmethods are only partially successf ul he prevention of
movil fig ﬂ%%fiaeqprélra%\@s bo-e AR desricaning Hud s bsHe M@d%é@& &5 fas

ﬂly](cj]; BEE%‘? cﬁ%\gﬁ%@gggﬁ glgaeégalz:%% Cgéeéq%f?ﬁ ‘?%% tto tg? ;V% %ercag;rg&g%?h@hseur faces 15
Febr uar punof thdwaépel.e Wwiieetrcingsiodadeerbyiths etbviag) liguidédasahtesfacan 2 ggb ut | ons.
Ther ef Orlaert’ger?gs %hgedrgirnéiprr]gcegg 81(':oeg'rsgsses. In the example of Figure 1, the inside area of the
circle formed by the moving liquid/gas interface 12 is free from the fluid and the outside
20  area of the circle formed by the moving liquid/gas interface 12 is the cleaning fluid.
Therefore, as the drying process continues, the section inside (the dry area) of the moving
liquid/gas interface 12 increases while the area (the wet area) outside of the moving
liquid/gas interface 12 decreases. As stated previously, if the moving liquid/gas interface
12 breaks down, droplets of the cleaning fluid form on the wafer and contamination may
25  occur due to evaporation of the droplets. As such, it is imperative that droplet formation
and the subsequent evaporation be limited to keep contaminants off of the wafer surface.
Unfortunately, the present drying methods are only partially successful at the prevention of

moving liquid interface breakdown.

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

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



continues and the cleaning fluid is pulled away fromthe waf f he
remaining cleaning fluid (if aqueous based) wll be repellegggéM?ﬁgfgggtr
surface. As a result, the aqueous cleaning fluid will want the |east
anount of area to be in contact with the 5 hydrophobic wafer surface.

Addi tionally, the aqueous cleaning solution tends cling to itself as a
result of surface tension (i.e., as a-Besult of nolecul ar hydrogen

bondi ng). Therefore, because of the hydrophobic interactions and the
surface tension, balls (or droplets) of aqueous cleaning fluid forns in an
uncont r olepeldvaten#et walsr barsd Kyaheoph shiapinggetionsu Therséore,Tai the AHARERIO6#SSof
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the small est.” Consequently, although the SRD process is presently the nost
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processi ng and dryi a sem conductor wafer, but at the sane tine
r educi ngrhengfofepbeetusonf e hydrophobis intatagtiony arel thasirfecd teusidn,drabdp et s whi ch

may cause .contam nation to de it on the wafer surface. .Sych d sits as
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Broadly sp I ng, e present invention I's these needs by providing a
cl eafi ngonandnadion discuappigpratiossiyhThe ilisitdipabbéthef SRR movpartchlbdy dsveks aim
waf er surfaces 0%ui ckly while at, thg sane time reduci

waf
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system a de everal "I nventive enbodi nents”of the present

i nvent i dryisg,ehisdeshod badhbel dfficulties gaducinbfodinaton of alenby flatergrleisamat i on
systemis provided which incJudes a drying systemwhere the drying system
i ncl udedeatalepsidtacs sersaral wirenussd 08 gdrortopInyalsr sWERSlbst rat e. The system
al so includes a cleaning systemfor cleaning the substrate. 15 February
20075 -4 | n dherdere, detodiamead fore wethodand anappesisuhat dlpstsaigiond

ProcessLilidt \é\%];rexilhg: grocessing and drying of a semiconductor wafer, but at the same time

reducing the formation of numerous water or cleaning fluid droplets which may cause
contamination to deposit on the wafer surface. Such deposits as often occurs today reduce
the yield of acceptable wafers and increase the cost of manufacturing semiconductor

20  wafers.

SUMMARY OF THE INVENTION

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

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

described below.

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

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



provided. The systemincludes an integrated drying system whes g.dhe .. 2007
integrated drying systemincludes at |east one proximty head ? d¥y|ng a
substrate. The system further includes processing nodul es coupled to the
integrated drying systemwhere the processing 5 nodul es are selected from
one or nore of a chem cal nechanical planarization nodule, a negasonic
processi ng nodul e, a cl eani ng nodul e, “4nd an etching nmodul e. In yet another
enbodi ment, a nethod for cluster processing a substrate is provided. The
met hod i ncl ud a substrate, _planarizing

s perfo | east one. of etching
the substrat rﬁ%m?ﬁoé?m prlysissichigeqtye syplgat fpprocesingh WA ihe
substrat : [ dryin
i ncl ude a‘p’%illggi %Eg ?Fl?lsltﬁapﬂ%iagqong% a ‘?‘??ﬂé‘%%r@en fvgﬁreé#@%%%ﬁtgdd g t%e )

subst r at gysteapplcludeg atlese ono @rdximitg head foralrgiag @rsdbstm ofh®fystdne fursherf ace of

the substrate, and renoving the first fluid and the second fluid fromthe
surface ln@)lﬁld%%rogﬁﬁégtgrra%ulesrwpkélrf@\ﬁhwt%éﬁqﬁémn& RYsieIR Afhere egrentsEing

S”bs%a“h‘g 1{1%!5 RIS tnl?%ne b r[h?% Sfpenth xc;ir}gec%%ﬁ%gpp Hoﬁﬂj& g ally

surroun east a or I on of region yi g and

t he remegagoxhelpm@:eeﬁﬁgh{cﬁlumf af:lbﬁﬂin@gn@dtﬂ@%ﬂ(dd@amﬁé todulgeni scus. In one
enbodi nent, a substrate preparation systemis provided which includes a

head for use fhRePhRRAE dighRiNB S nﬁ%&dﬁfa@cldaféras%dagsxggm%mws RGaded. the
head where the” first surface capable of being placed in close proximty to

t he maféﬁwsuﬂha@eumﬁhm;hdhdnmgaomammMQnﬁmmmmgasﬁm&m&nﬂhmﬁnzmgﬁbm on the

head where the first dui t ion iis defined for del i first
fluid t SUbRals e ucal Araees R dhe ﬁ@Sfrﬁws?leewﬁamqs é‘é‘?‘tSn ;“?fﬂ@ %in a

cenggr wlﬁaéararﬁfrlgto@%é@@;guﬁghggggﬁg %H{cth!ﬂﬁ%rs apgg&%gdaeﬁrs%ﬂ%&?&ﬂe C@Rdui t

region on the head where t ondul bei ng configured to
sur r oundegitreof  setfacearfdhe $u’usagiepapphang a scbendhiaid catcso semﬁu@en afthe rd
conduit r n the head, where the d conduit re efined for
del i ver f;“fg Ceip kB BRI TR I e FEOIRE RarET fi Araadabe sesand faid ﬁpmﬁ% 5%
region a

Gecond SomgEbARR Eﬁmmiﬂﬁégé%ﬁ*n%ﬁ%@n%ﬁ?ﬁ teitn (AR AL UL | e
first fFiutdegpod THessesembregidn substangaitly susvemds ot lehg adwirtiveofthefthird ecdion,st
flud and he second fl uid conbi ned mnth t he renoval e. third conduit
regivon #id te&PR 6‘5% heeemgviag berel 9aRpbs ofderragge WHHP”?‘@HH@WE’%‘&C‘EM ween

t he head and_t he wafer surface when in operation and the head is proxinmate
to the waferIn g gupedigent, @5Ub@rﬂt@a@am@n systsm iy pandtekvhiiopeludent, a

substr a4 &aFhPRE AL rgpa,r?rpéStveJa et SurPAc@Yhé ugmg a IhSt 'sﬁ‘?ac'él 0F the head where the

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

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

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

30  surface.



a head having a head surface where the head surface is proxi
surface of the substrate when in operation. The head al so i%%ﬁﬁ)dlé@rggﬂw

| east one of a first conduit for delivering a first fluid to the surface
of the substrate through the head and at | east one of a 5 second conduit

for delivering a second fluid to the surface of the substrate through the
head where the second fluid being différent than the first fluid. The head
further includes at |east one of a third conduit for renoving each of the
first fluid and the second fluid from the surface of thg suF.s%lr,ate wher e
the at |east Brigotier embodimany acohetiate PreparaseasEdemds Bryadetw gl ieledssr ound

the at lae}?%ﬁ h%@l?lﬁ%fhéag%uxffil{e%he%g ﬂ‘?z .e;[_lad smgéeeiia Br&ﬁlgx&?eztolae&?f“acﬁ Begl the 10

first concht, e at I'éast” one o € "'second*“con and the at | east one

of the tdhibsieht€ AN opdstiord UDS Iatiiadddl clatiegattieneonsdya ik rohduiofer at i on.
The at |east one of the second conduit is located to substantially
sur r oundleliverings firs fvot tof tha swfacernd the substyste thisugh thehpadiand oy legghmngiafa | n

yet anot her enbqdi nent .. a.nmet hod fqor .prepari a waf er f i rovi ded
Uhat o RERISSTau STt f pepnd ARt B Ststils Bfighing oo

sur f ace hesdihesndE BeohBFId behg diferb@GhAN NN ikt Buid ATHE Meh@ Ghrdtibr itvdaes
sem -encl osing the vacuumregi on with an a&gl i ed surface tension reducing

fluid reyleest aniearfe thiné cerdriit lontdnoeving cadf ¢frtbs finst Topd mnd thetssgend fleiddeomo t he
vacuumregiopn. T nmet hod al so | nc] udes scanni the.first region where the
vacuum F’éﬁ‘gi%ﬁcaﬂ t er?é‘hsalffﬁ? ?Vé‘ﬁresth? PL%@Sttoé"ﬁﬁ%@ﬁe @8&8@2“? r‘%‘if’aathé? on over the
vaf er  suffeaRialVReHEuld@cSERANI M JIRRIBrVCE M &/ HRREN kitat 1845t bRe andkher

enbodi ment, a wafer preparation nodule is provided which includes a_ wafer
br ush s Ersiishindugt, ué ot lndst ope vhidewadasrd Gmduht, wukthbbi lsgstuamictofitke thindaasnduibf

scrubbing a, waf whi | e appl yi,ng .cl eani n ui to th fer. .Th dul e
o 1 nettoubsidigrdmul Rl R ooRmuPe: THE flereris oh g fored o 0P
capabl e;0hc el RPsbRLAEERF &rduli At 138t MBbRIon TS 1841 BROLPEheURird cohanie t he
wafer drying insert including a proxinity head for drying a 25 surface of

o B LR AT s A ot o

processing a's e 1S provi generating a flui

meni scumciilel Beppvintadsofiuitihea Viesttregiahlon the wafiredrfac) strratieding tiee fisyi ng
the fluid neniscus over the surface of the vertically oriented u(gstrate to
pr odes sTagipg Wil arvagwipregipg adissry-spelosing th%ﬁ%ﬁh*&ffyfezwvwﬂh@ﬂlaﬁpﬁﬁ t her

enbodi ngnf, Sl | us S RiBCadBRd dhbpRphsihal ©

proces gﬁﬁga"t%g%"r%ié’?‘l Jgﬁ\?{flﬁg g‘?‘gd\?%gg’fﬁ‘ \\?\E?rgﬁﬂ?%legﬂglu eclis g%?n capatgi:ﬂe p%P ger tical

MoV emenkeads to the vacuum region. The method also includes scanning the first region where the
vacuum region and the applied surface tension reduces fluid region over the wafer surface

where the scanning leads with the opening.

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

25  surface of the wafer without contacting the surface.

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

surface of the substrate.



between a first edge of the substrate to a second edge of t hm%
The apparatus further includes a head coupled to the arm Pﬁeﬁ eaépggf@onplg

capable of formng a fluid 5 nmeniscus on a surface of the substrate and
capabl e of being noved over the surface of the substrate. In yet another
enbodi ment, a manifold for use in preparing a wafer surface is provided.
The manifold includes a first process'\ﬁ,i'ndow ina first portion of the
mani fold being configured generate a first fluid nmeniscus on the wafer

face. Th ifold 10 further includes a d i ndow |
Second por t1 i BP IR EmRARFIY orRge PSR st reRrb G RE Rt b BRI 1 ui o
MeNi SCUS,rOdksifE oPBlafibn RibdRRd whigh ARWARE d %ﬁbh%%ﬁve?ﬁ@aﬁ%vén{&i?m' on are

nuner ous. Most notably, the apparatuses a descri bed herein
ef fi ci ertehweatira/fimhddgd afdhe sutsenicdorndachal edgafodithe sabstrater Shaa@ppgatusui ds and

cont am nant s .remai ni on a wafer surface. Consequently, wafer 15
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achi eveqd, diaeus bR &l el %e‘é@%&faﬁé’ﬁﬁ’d &gxaﬁ\feyf 3%@}@’2{&0\'5%‘@5? e st QRE Bfiyaat i on.

The present 1nvention enables the 1 nprove eani ng through the
use of waleatame.fl uid renoval in conjunction with fluid input. The pressures
generated on a fluid filmat the wafer surface by the aforenentioned

forces enabl an9bt ddvMerlefiBVahef a hlanii@for UBSINVBESinEW Wafe swithde ia 20
significant reduction in renmaining contam nati on as conpared wi th ot her

cl eani ngrewded. dryd menifeld inélydessa fitshprgdsstwiodowtihe fpsiegation of thenmimiiolday
utilize,application of an isopropyl al cohol | PA) vapor_and dei oni zed _
vat er ¢ BRSO AR eprilf RSt IRR e RF TR e Malron BF o T RO RetRhear t he
vaf e SRS Sacdid R WRIEGRE praklss WilBowan8 sbédRt poHibS o £1MRBhASfAbBInkhe 25
generation and intelligent control of a nmeniscus and the reduction of water
sur f acecerdrgireghto ganorage a setwind fluad thenaices on theewhfgr eurfavd. t her ef ore enabl es
optimal renoval of fluids fromthe wafer surface w thout |eaving

cont am nant s Thé hdvareages of shgpResmieetnbiyn iaRpuiimabud. PXost Bbtdbintheout put  of
fluids may be noved al ong the surface of the wafer to clean and dry _the

vaf er. IHBFERHs@nd mythedsadesembedRespin sdhcienidy: dat and dleam ysamispnduet IV aEr f aces
with 15, FRDruRY 526193 ; il ' sty Waf
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exalpl eprosg@singthngi pradudvivhanyebe idtecqped aahhighaveafer itld inay baaclieved due
i ncor porated, i nto_nunmerous _types_ of o . .
to efficient wafer drying with lower levels of contamination. The present invention
enables the improved drying and cleaning through the use of vacuum fluid removal in
conjunction with fluid input. The pressures generated on a fluid film at the wafer surface
by the aforementioned forces enable optimal removal of fluid at the wafer surface with a
20  significant reduction in remaining contamination as compared with other cleaning and

drying techniques.

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

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



systens to generate wafer processing systenms with cluster toﬁﬁelﬂju\ﬁ){‘ﬂoﬂf‘e
systens 5 nmultiple types of processing capabilities. By having a system
that can conduct different types of wafer processing, wafers can be
processed in a nore efficient manner. By having different types of cluster
tools in the wafer processing system there may be less tinme in wafer
transport time because the nodul es/toofs are integrated on one system In
addition, there may space savings so |less footprint is needed to house the

waf er processi 10 apparatuses. Therefore, the present invention my be
i ncor por&UEHS ‘r[}?"’(‘f'ué{ﬁ‘i/'f‘)‘sgﬁ“im g5histanfighly sedpcys @?%Eﬁ“"tfgr’mf@ %8 processing
nore ef fihgfif&ﬂ&emngfgﬁ&bgfoggiwpgg’r%@gwﬁ]pects and advant ages of the

present 1 nvention w econe a the foll ow ng detail ed

descri ption, ken inp . conjupction w,th the .acco nyin rawi.ngs.,
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under st ood _b}/ the follow ng detailed description in conjunction with the
accofpamyiltigledyned efpgoceReint aepdbiilithase Byhtiayinges systapn o can conduct étisrantice

nuneral s designate |like. structural elenents. Fiqure,.l.i|lustra novenent
ool oa iR O FATHSPIBFE S ke BT P A S Y P st P e BRIt oA
shows a diaieht §hEAHT NEstaBoNiY kiROw Si%s hl%%ésﬂlga.ﬁﬁﬁfrﬂ ANEE nYy LY Jeaimebodi ment
of the present "Tnvention. Figure 2B shows an alternate view of the wafer

cl eani ngvaderdraispomn ginsylstcanss the madosdoris eraintdgraseor phoslystemt otddtiesent

i nventiqn. 25 Fi 8ure 2C il IIustrat es a Si g cl ose-tglg view of the wafer

cl eani ng"eéﬁH‘aéerF Ay Ry em esﬁcf‘i"&?ﬂﬁt 1§ “\‘RH*_ cgrtojhqu P’Yneéﬂcléroﬁfstsﬂl_gone

enbogli Meaplar st CTIREEDEN thd SRR IRRntifi B1AY DR otPOMRAIRR 16/ suftbble Cl 0se-up
vi-ew of t'’he wafer cleaning ‘and drying syStemin accordancé with one

enbodi neatictyfol shweps esmake ivate prow@ssing SioFe bificaany ag@d 0Fst eff@civgur e 3A shows a

top viewillustrating the wafer cleaning and drying systemw th dual
proxi mty heailBer apags andladetitapes bf Gl r&FhotiveRidn 9fll bowny fgardnt foxent i on.
Figure 3B illustrates a side view of the wafer cleaning and drying system

wi th duthe follpwinadatgiladedrseriptiprataksn dapeBungian Bk thessampeRYng raHeshr esent
| nvent | %ggm{%gﬁfﬁgggﬁ%eﬂ}ﬁ% the ﬁﬁl@ciﬁfcg\gf ﬁfe [ﬁeyc\@lt S{veﬁiigf’f‘.m ng and drying

system

15 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this description,

like reference numerals designate like structural elements.

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

20 process.

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

embodiment of the present invention.

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

accordance with one embodiment of present invention.

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

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

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

system 1n accordance with one embodiment of the present invention.



mul tiple proximty heads for a particular surface of the waf ]

accordance with one enbodi nent of the present invention. Fi gsfjféeﬁ}ﬂﬁr’éﬁ%% a
side view of the wafer cleaning and drying systemwhich includes multiple
proximty heads for a particular surface of the wafer in accordance with

10 one enbodi nent of the present invention. Figure 5A shows a top view of a
waf er cleaning and drying systemw th-&- proximty head in a horizontal
configuration which extends across a dianmeter of the wafer 108 in
accordance w th one, enbodi nent. of  the present invention. Figure 5B shows a
si de vi ew of 1%?54\SEP‘éfaﬁit?fgWSWd“a?twwg tho wplrclmpneand deng sEEmYER heads
in a horj . confl aurat. i 1.6 . i t he wafer
in accor TnriR Head kiRl il B BRSSP el S S hovi
a top view of _a wafer.. cl eaning, and dryjin sfemw th the [ oxi .t eads
' 2 hor | sont BEwEoR AR aatanon SthCBARY SlreiuE ebd oran sBiEH ol dhaTs ne
vaf er t Ngloxinding héds oM 8Ebrddhc@ GERI HRGS oirh B T LR MBRhtieh. the present

i nvention. 20 Figure 5D shows a side view of a wafer cleaning and drying
systemwith t ! i i Af LQE i S
conf ?gur ed t Oﬁ@;{;&%&gﬁ;\%&ﬁ@f@@@ﬁg a V\%a/é Ig‘lfﬁle%lﬁg% g’%lds&géﬁgt %ﬁ\egé W#@E@g?%ance
W t h onemehiphdpriorithit9hedds oot gaaOilat SrRE b0 the Wafgtineacobrdahoswwith odiede vi ew
of a wafer cleaning and drying systemwith the proximty heads in a

verti calefﬁmm@%%fgh%ﬁreéﬂ‘éb‘ﬂ‘@ﬂtlﬁﬂ) clean and/or dry the wafer that is 25
stationary i.n accordance with one enbodi nent of the present invention.

Fi gure 5F showgunasttcaysatide sicdeoithewaddr cheanafgemdodremngi systeemehithyi ng

systemthat . is shifted. 90 degrees framthe side_.view shown in, Figure 5E in
¥ or daibaudraRu B PERBBAY HERE Tora bHECHRLSERE P e P SesorBRtIG 007
-9 ﬁ)9Uro%e%ﬁb%ﬁﬁﬂ\élt%fft%opr\éie%WirﬁftenﬁoM’af er cleaning and drying systemwith a
proximty head in a horizontal configuration which extends across a radius

f th f : i e Ak tion.
Fi qure 51 Sndubs 2 B EGe o o R P e R b T e

S proxi préximigddad anghbfizantdieohd giadibn eondl gueads Rrosehl dimext eftlg watoss a
radius of the wafer in accordance with one enbodi nent of the present
i nvent i A8 1EpgsFdang v eantipdinem afyhepeegentineantiont | et ori ent ati on t hat

may be utilized to
Figure 5B shows a side view of a wafer cleaning and drying system with the

I5  proximity heads in a horizontal configuration which extends across a diameter of the wafer

in accordance with one embodiment of the present invention.

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

wafer that is stationary 1n accordance with one embodiment of the present invention.

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

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

Figure SE shows a side view of a wafer cleaning and drying system with the
proximity heads in a vertical configuration enabled to clean and/or dry the wafer that 1s

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

Figure 5F shows an alternate side view of a wafer cleaning and drying system that
1s shified 90 degrees from the side view shown in Figure 5E in accordance with one

embodiment of the present invention.



clean and dry the wafer in accordance with one enbodi nent of
i nvention. Figure 6B shows another proximty head inIet/out?%Fag?%giggp}on
that may be 10 utilized to clean and dry the wafer in accordance with one
enbodi ment of the present invention. Figure 6C shows a further proximty
head inlet/outlet orientation that may be wutilized to clean and dry the
waf er in accordance with one enbodi nent-of the present invention. 15
Figure 6D illustrates a preferabl e enbodi mrent of a wafer drying process
that may be conducted by a proximty head in accordance with one

enbodi ment of Fighe Y5 shata topriiestof 8iwafen deaningmdsHyRg SYRSIhEHIdaf er dryi ng

process ﬁﬁ%@%gﬁ{pﬁ%& ney h?fé%'(%nggl Cislorﬁh%hr/a%%}l ek gtéxftﬁtag%d.esg % 65(@% o B Witer 11;(1 t he

conduct roxrm I'n~¥accordance w odinent o

present dcoy@ahdconith bh@emBodienhofthe prentihvanionce inl et and outl et
orientation where an additional source outlet may be utilized to input an

addi t1onal 1 1#helsh BROAIIGAE PicW S QORy RARAYINR AlyiRk sjin RFigPERL
invention. Figlre 7A1llustrates a proximty Head performng a drying

oper it i qmoximigdeaddanicia a 1Rizentah conEgeatodivhiehtextwhds haopy #saimis éfrtient i on.
Figure 7B shows a top view of a portion of a proxinmty head in accordance
Wit h oﬁ’éafé"rfﬁ@ﬂP‘?Féﬁ‘iced’Ffﬂtﬂ‘ée%FE%‘gWﬂi A BEPrERDt IECHOS: yary 2007 - 10 Figure
7Cillustrates a proximty head with angled source inlets perform ng a

dryi ng oper atligureion dowsraduasieniny h¢adonkstente dineafation thateapheutdined to

invention. Fiqure,7D ill.ustrates a proximn .hea it h_angl e ce inlets
and angIcge&né'%gE‘E}'ethe(‘)"mf?répsa%oéfl?rbﬁﬁrﬁ’ N ﬁP@%{?}ale&g%ﬁgf ipéﬁseﬁngg%gOﬁ%ance with
one enbodi nent of the present 5 invention, Figure SA illustrates a side
view of the PH@¥F tsg‘OWééH%thP’me&gE“Y fead m@ouaamemaémtﬁefema BSn ng and

dryjsg %ﬁﬁ%ﬁ%ﬂ&?ﬁ Ghq' ﬂﬁ%%{]@aﬁg&cﬁﬂp@%ﬁtﬁﬁ%e é}roﬁﬂﬁe I bresdgventi on.

Fi gure e proximty In a dual wa surface cleaning and
dryi ng irM@nsgst em in accordance with one enbodi ment of the present
i nvention.

Figure 6C shows a further proximity head inlet/outlet orientation that may be

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

invention.

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

mvention.

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

120 embodiment of the present invention,

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

embodiment of the present invention.

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

25  with one embodiment of the present invention.

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

one embodiment of the present invention.



Figure 9A illustrates a processing w ndow in accordance with harent
of the present invention. Figure 9B illustrates a substantié F%Igg?ggw;
processi ng wi ndow i n accordance with one enbodi ment of the present
invention. 15 Figure 9C illustrates a processing w ndow in accordance with
one enbodi nment of the present invention. Figure 9D illustrates a

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

i nvention. Figure 10A shows an exenplary process window with the plurality
of source inlets 20 and as well as the plurality of source outlets in
accor dance W Figuen®C ¢lidsodissenironimityiead pridsergied souesst inbats petfguneg 40B shows
processing regions of a proximty head in accordance wi.th one enbodi nent
of the pfedemperatipainapePrdamaeguyith ang embedyprat of the presPRP¥T s oxi ity head
with a substantially rectangular 25 shape in accordance with one

embodi nent of Fighe TP éldwnttatdsramnkinuity, haadgyitheangi®@ sauressintels and ap@Eed0W{cew of

th imty head.i d i th di f t i tion.
15° Fobr (AR mingn BREE Bhetieon aeomansearth pe po T P AR p e

accordange.WMdh one enbodi nent of the present invention. Figure 12A shows
a proximty head with a partial rectangular and partial circular shape in

accor dance W iR AIROHI LNl ic e R GRS My RURRYBORRe i SANGRIIZE, Shovs

a side view of Ethe proximty a rectangular and parti al

ci r cul arsusfaadelehdin@ a6 dHAANE Systénh Ih anerdnboditiwnt eafbddhacmrafdbapresenient i on.
Figure 12C shows a back view of the proximty head with a parti al
rect anguhegni@nd partial circular shape in accordance with one enbodi nent
of the present invention. Figure 13A shows a rectangular proximty head in
accordance wiFibuerf® shGvsetib pdoxienity hehds e duadsaber sunfaeneicaming ghgdneng 38
shows a rear view Qf the proximty head.jn accordance wth one enbodi ment
of tlHe pYERHR aP?ng?ﬁqeth BPgEM O%ﬂf Pf hSPFaPRIY WYL view of the
proximty head in accordance with one . ) . .

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

the present invention.

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

one embodiment of the present invention.

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

the present invention.

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

present invention.

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

embodiment of the present invention.

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

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

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

embodiment of present invention.



enbodi ment of present invention. 15 Figure 14A shows a rect apgplihiary 2007
proximty head in accordance with one enbodi nent of the present invention.
Figure 14B shows a rear view of the rectangular proximty head in
accordance with one enbodi nent of the present invention. Figure 14C
illustrates a side view of the rectangular proximty head in accordance 20
with one enbodi ment of present inventildn. Figure 15A shows a proximty head
in operation according to one enbodi nent of the present invention. Figure
15B illustrates the proximty head as described in Figyre 15A with | PA
input in acc Fi8ud oSG Yiﬁwf%ﬁrowm%ﬁea&ﬂ@sﬂ@?ﬂ%w&@?BFFF: 25 Figure

15C sho%btogggggtg;fié%d éﬁ)é?g}ﬁmeﬁﬁorgescri bed in Figure 15B, but with the | PA

flow i ncreas mn in accordance with one enbodi nent of the
present invent.ion...,15.February. 2007 1 Figure 15D sho th roximty
head wher o HABHE 7 AR o P Dot e PEY h &gk B A OPBERHG Abat ed i n
accor dagggheihtacagnbRE bR ahb&infeAfoMh8 pE&REnd iAV&RJInON. Figure 15E shows
the proximty head where the fluid neniscus is shown where the wafer is

bei ng rot at eg;; t the I [ RXW Fi ' nce
vvithgone 5 g:ﬁ%%giﬁrr%nsihgg? atsﬂcg& %g%gg%@}?rﬁgem %%d %ﬁgéﬁ%& %Eﬁécgﬁ%\?vggt%ﬂg

proxi m pyrtiaceaigcuMieshapé eadcBAlahtowith ase bedodiman edsedbrasnt apepaced to the
| PA fl ow of Figure 15D in accordance with one enbodi nent of the present

invention. Firglre 136AnSHEWDask VR ¥ (BWpRIx iRt HRAM WG LF i MreSMRHAAR dnd
accordance with one 10 enbodi nent of ?he présent invention. Figure 16B

shows apargilt @ravdarishepa/ineagcofdatdrewth ennemyodinyint gf thegiresent imvaoeon.dance with
one enbodi nent of the present invention. Figure 17 illustrates a wafer
processi ng s¥iguedi D tshodvs antctamghldrpasmnasseatliy avddrtianca vdtlyomeg nodul e in
accordance wth one enbodi nent  of the present invention. 15 Figure 18 shows
a W&t er cipbedigest alythe peesept WHERIPas nul tipl e wafer processing tools in
accordance wi th one enbodi nent of the present invention. Figure 19 shows a
waf er procesEigute 538 showank réroview hithepedwingtyrhsdd|ie aggprdance with one

embodiment of the present invention.

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

embodiment of present invention.

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

embodiment of the present invention.

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

one embodiment of the present invention.

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

20  with one embodiment-of present invention.

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

the present invention.

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

input in accordance with one embodiment of the present invention.

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

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



accordance with one enbodi ment of the present invention. Figi§g, ry 2007
illustrates a wafer processing system which includes a drying m) Ia

and a cl eaning nodul e in accordance with one enbodi nent of the present
invention. Figure 21 shows a bl ock diagram of a wafer processing systemin
accordance with one enbodi nent of the present invention. Figure 22A
illustrates a proximity head begi nni ngi2a wafer processing operation where
the wafer is scanned vertically in accordance with one enbodi nent of the

present 25 invention. Figure 22B illustrates a wafer ‘g‘eoces& n%, co i nui ng
from Fi gure lgaughieshayes thp peimity esbuierdbe S mepfsUsdm P VRECWBS er i n

accordancag. enls h, Onlgeéa%gaj odi ment Ofwftfrllg 91';183 pﬁen't Bf"&x@;p'r&@nt ihvedeRRr uary 2007

-13 Flglﬁ con |nua|ono roce operation from
Figure 16B in accord nce ith one rrbod t he prese |nv i

Fi gur e 22D i I'guse by dhGBROSHLY f‘?f&n‘%epgwgt‘??m C@Sr\st%]}? (?%rt# i gure
16C in @:ﬁ?rols%% oMté&faQ@?ﬂﬁHMo@ﬁ% Sbwhig Fﬁ’é@réqgi) Ih@l{&ﬂ&léj@@ with fhegur e

22E shows the wafer processing operation continued fromFigure 16D in
accofp dargthodirhbntwiehepiesditilvehtiof. t he present invention. Figure 22F shows a
side view of the proximty heads situated over the top portion of the

vertically qui%v&r'e%?dsh%’fs%e hrox R§iEPREANCEe B TP foRTHae Gbéreintreaded dse
present invenfion. 10 Figure 22Gillustrates a side view of the proximty

heads depinpgredrtocksBlAfowfofdigire 160y ihaceerdance Wish aae embpdimeat el ¥&nce with
one enbodi nent of .the present invention. Figure 23A shows a wafer
processPﬁﬁegvgf’%‘m%ere the wafer is held statl onary in accordance wth
one enbodi nent, of the present inventi on ure 23B shows

f
processi ng sfég‘éfﬁll\ﬁi‘ﬁe?}’é’“tsﬁe‘%ﬁ’m Hﬁﬁcﬁ’é‘é}a/ PR SECRE] a“fégf’d'\ggﬁ"gf*h". h pl ace
or: erg%ﬂdﬁﬁ&ﬁwﬁ@ Wik B RRgEodi ment of the present invention.

Fi gure er proceSS| ng system where the proximty head ext ends

about a radi ';:S%ﬁ 1%@ I’—%hﬁﬂ’rs Zn f@ ﬁg@%%%ﬁcﬁpgr e'ﬁm(?l rgirﬂg%%t%q{l aPlorlifie

present inve tem ere the

proxi m Ly mharEmRESenVEthe saként isvhtioRe waf er rot ates in accordance with
one enbodi nent of the present

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

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

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

tools in accordance with one embodiment of the present invention.

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

accordance with one embodiment of the present invention.

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

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

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

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

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

present invention.



20 invention. Figure 24A shows a proximty head that may be }gﬂﬂlﬁg%ﬁ@m
vertical scanning of a wafer in accordance with one enbodi nent of the
present invention. 4 Figure 24B shows a side view of the proximty head in
accordance with one enbodinent of the present invention. 25 Figure 24C
shows an isonetric view of the proximty head in accordance with one

enbodi nent of the present invention. Fifure 25A shows a multi-process

wi ndow proximty head in accordance with one enbodi ment of the present
invention. 15 February 2007 - 14 Figure 25B shows a nulti-progess vg}fdow
proxi mity healigire B2 Khaws peontisgtionpha snberiprocsssing apadonfiom Higure 1

enbodi ment_of the present inyentio T CRI PTI ON OF THE PREFERRED
EVBODI I\/E%c%ﬁiap%vgfﬁ iOBEGW(Ik))PHIrIT% n%ggtshegﬁe egtigig?a ﬁées for cleaning and/or

Speci 11 ¢ det aFired 2D dbisumis dhe WAL PSS S ea pitb BREure 160 in
under st agl g 0f RO ERRImdKPHd Bsenl Invlhlidn be under stood,  hovever , by

one of I nary I'1T inthe art, t the present invention may be

practiced w thout or.all .of these L) il hEP

insta?nces, wehguﬁ%%%gior%sctgggaf%ﬁjé?%etslslgﬁg)ggé\béh?\%rﬂ ggr?% e?g%“ ?%egbinrll detai |
i n orderad3gtdahée WRAYME SHALHINYeR B Hy Reddneint@nigiesent invention. Wile this
i nvention has been described in terns of several preferred enbodinents, it

wi |l be appr eﬂgageeﬁzﬁ BatysthQgeviek 44166 pmiﬁlgﬁ h84ds siaaied F)@@ﬂihlégols Bértion

precedi ng spe I cations and studying the dfaw ngs w real i ze various
al t er at i gfnBe vadidaily pesitionedevafet atdcomslanctdw 8l o etnbndisnanh of thefpregent j s
therefore intended that the present invention 15 includes all such

al t er at i'BH&MUORedi ti ons, pernutations, and equivalents as fall within the

true spirit and scope of the invention. Figures 2A through 2D hel o¥v
i 11d8trate enbedierisfi Blustratgn asidenpewof themreximisy beads drAge syeceains Pt d&loul d

be appreciated at the system.is .exenpl ary, and . sui tabl e
Cype of SCHATERIEE 1ol ih dteohiet SRR P bieBBt Okl ) 80
ggomt Ot ﬁleoseFig{lr%XQIBrR gl‘}loéfsoa \twggar\ﬁ?gc%gsigg gys?eem l\JNthlel'e! t%lg%aﬂ!:rnlsthgﬁi s%gt?c?n%lryn?nnt S

‘accordance with one embodiment of the present invention.

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

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

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

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

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

20  invention.

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

wafer in accordance with one embodiment of the present invention.
¢
Figure 24B shows a side view of the proximity head in accordance with one

embodiment of the present invention.

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

embodiment of the present invention.

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

embodiment of the present invention.



proximty head(s) may nove in a linear fashion froma center i he
wafer to the edge of the wafer. It should be appreciated thg??%l%ﬂ#g?y%e'}
enbodi ments nay be utilized where the proximty head(s) nove in a |inear
fashion from one edge of the wafer to another dianetrically opposite edge
of the wafer, or other non-linear novenents may be utilized 25 such as, for
exanple, in a radial notion, in a spifdl- notion, in a zig-zag notion, etc.
In addition, in one enbodi nent, the wafer nay be rotated and the proximty
head noved in a I|inear fashion so the proximty head may process all
portions of tReuwalE shaws & molfi-graskssovindew et tydisgd ot thesdPCeibodi ment s

may be utiljzed where the wafer is not rotated but the proximty head is
conf i gur WePdoyspRecasdaice it opgreRrbqdimen o&éﬁq%rﬁsq:ﬁéqvegﬁg%l es 30 processing
of all portions of the wafer. In addition, the proximty head and the wafer
15 February 200YETAHNER DRSGRIGTION GF JIHYPRESTES EMBRINVHENES n ey be
utilized to clean and dry any shape and size of substrates such as for
exanmpl e, 200 mMiNeIRLA for3POhEl: MRS 8iprathided oAy andébicdryibigen wafeeis

cl eaning and drying systemmay be utilized for either or both cleaning and
dryi 5yt disclasdde in depiobidimg dasctiptéor; onfietus speafic detailp aresgb fath IPIAedar e 2A

enbodi eROVER 4 e opER Se e O i Prorat Ly seith TooTReNERe o Pers 102a,
Lo be ar e e o B e B R e 1066 and. 106
that, inwithetenimedi i theae epaifiaditas. tio otizar ingsrees.areH koaHn 8FRFED a | ower
Dot of PRERE BYGRdidsth B Tpes radut gratbre R ceRte 6o B e al 1y
waf &0 R e e P The br oxi m ty head carrier acsently 104 i

configured t | d,. th r oX| m and t he
proximty hegwqh%g%ls15%‘%8\%0]?%%%6}%&%@&%%%@q%rﬁgg)\eﬁg{r]éo}% gﬂ@%@fﬁdo the wafer.
Thi s mayfigd@aeREpt ke e apyrebiawidnpattthescuiien iathe 4 4pomnchdingethicguesedmem

104b be novable in a vertical manner so once the proxinmty heads are noved
hor i zontsaedificatinng and sadainsdhe devangs villverEze RS ETRLONS) YR mity heads
106a and __106b can be noye rticcal.l bl Ot ik G1c0SR iRV oI LY tO
the waf é)rﬁpn’ﬁ?goﬁsp &roeqé“lnfﬁ\{er%g%ré)rfd%tlﬁghﬁtrgf\?/gerﬁgc?{r%%%% mag “be é.on_filgur ed in
any 1sui tiahili@csnaysieh altbRtiph¥ilditioys, 3R riheadsnd A6d cgnialkdbasclall viaghimdhed t o

enabl e wafer processing as_described herein. It
true spirit and scope of the mnvention.

RER

Figures 2A through 2D below illustrate embodiments of an exemplary wafer
processing system. It should be appreciated that the system is exemplary, and that any
other suitable type of configuration that would enable movement of the proximity head(s)

i 20 into close proximity to the wafer may be utilized. In the embodiments shown, the
proximity head(s) may move in a linear fashion from a center portion of the wafer to the -
edge of the wafer. It should be appreciated that other embodiments may be utilized where
the proximity head(s) move in a linear fashion from one edge of the wafer to another
diametrically opposite edge of the wafer, or other non-linear movements may be utilized

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

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



shoul d be appreciated that the system 100 may be configured j9wafiiapibd@P! €
manner as long as the proximty head(s) nmay be noved in close proximty to
the wafer to generate and control a neniscus as discussed below in
reference to Figures 6D through 8B. It should al so be understood that
close proximty may be any suitable distance fromthe 25 wafer as long as a
meni scus as di scussed in further refernce to Figure 6D through 8B nmay be
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proxi mty heddend eghodimins theygepingty hend caaiasasenediil A iapenftrysdie hodd st em
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the wafer. The fluid nmeniscus nmay be noved across the wafer to clean and
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106b can be moved vertically to a position in close proximity to the wafer. The upper arm
104a and the lower arm 104b may be configured in any suitable way so the proximity
20  heads 106a and 106b can be moved to enable wafer processing as described herein. It
} should be appreciated that the system 100 may be configured in any suitable manner as
long as the proximity head(s) may be moved in close proximity to the wafer to generate
and control a meniscus as discussed below in reference to Figures 6D through 8B. It
should also be understood that close proximity may be any suitable distance from the
25  wafer as long as a meniscus as discussed in further reference to Figure 6D through 8B may
be maintained. In one embodiment, the proximity heads 106a and 106b (as well as any
other proximity head described herein) may each be moved to between about 0.1 mm to
about 10 mm from the wafer to initiate wafer processing operations. In a preferable
embodiment, the proximity heads 106a and 106b (as well as any other proximity head

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



106b can have any nunerous types of configurations as shown | er
configurations that enable the processes described herein. I?§Eﬁgﬁfgygﬁio
be appreciated that the system 100 may cl ean and dry one surface of the
waf er or both the top surface and the bottom surface of the wafer. 25 In
addi tion, besides cleaning or drying both the top and bottom surfaces and
of the wafer, the system 100 nay al solfbe configured to clean one side of
the wafer and dry another side of the wafer if desired by inputting and
outputting different types of fluids. It should be appreciated that the
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generate a fluid meniscus between the proximity head and the wafer. The fluid meniscus
may be moved across the wafer to clean and dry the wafer by applying fluid to the wafer
20  surface and removing the fluids from the surface. Therefore, the proximity heads 106a and
106b can have any numerous types of configurations as shown herein or other
configurations that enable the processes described herein. It should also be appreciated
that the system 100 may clean and dry one surface of the wafer or both the top surface and

the bottom surface of the wafer.

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

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



linear motion of the proximty heads 106a and 106b and throughp i on
of the wafer 108. The drying or cleaning operation itself is é%ﬁ ﬁé?%@hby
at | east one of the proximty heads. Consequently, in one enbodinent, a
dry area of the wafer 108 woul d expand from a center region to the edge
region of the wafer 108 in a spiral novenent as a drying 25 operation
progresses. In a preferable enbodi nentj7the dry are of the wafer 108 woul d
nove around the wafer 108 and the wafer 108 would be dry in one rotation
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that has not been processed into close proximity to the proximity heads 106a and 106b.
However, the rotation itself does not dry the wafer or move fluid on the wafer surfaces
towards the edge of the wafer. Therefore, in an exemplary drying operation, the wet areas

20 of the wafer would be presented to the proximity heads 106a and 106b through both the
linear motion of the proximity heads 106a and 106b and through the rotation of the wafer
108. The drying or cleaning operation itself is conducted by at least one of the proximity
heads. Consequently, in one embodiment, a dry area of the wafer 108 would expand from
a center region to the edge region of the wafer 108 in a spiral movement as a drying

25  operation progresses. In a preferable embodiment, the dry are of the wafer 108 would
move around the wafer 108 and the wafer 108 would be dry in one rotation (if the length
of the proximity heads 106a and 106b are at least a radius of the wafer 108) By changing
the configuration of the system 100 and the orientation of and movement of the proximity
head 106a and/or the proximity head 106b, the drying movement may be changed to

30  accommodate nearly any suitable type of drying path.



the I PA vapor inlets, and the vacuumoutlets nay be arrangedd ﬁelﬁ'ﬂ?{r 2007
suitable manner if the above orientation is naintained. For exanp ev In
addition to the I PA vapor inlet, the vacuumoutlet, and the DIWinlet, in
an additional enbodinment, there nmay be additional sets of |PA vapor
outlets, DIWinlets and/or vacuum outl ets depending on the 25 configuration
of the proximty head desired. Therefeot®, another enbodi nent nay utilize
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on the wafer processes desired and what type of wafer cleaning and drying mechanism is
sought to be enhanced. In a preferablie embodiment, the IPA-vacuu-m-DIW orientation
may be utilized to intelligently and powerfully generate, control, and move the meniscus
20  located between a proximity head and a wafer to clean and dry wafers. The DIW inlets,

; the IPA vapor inlets, and the vacuum outlets may be arranged in any suitable manner if the
above orientation is maintained. For example, in addition to the IPA vapor inlet, the
vacuum outlet, and the DIW inlet, in an additional embodiment, there may be additional
sets of IPA vapor outlets, DIW inlets and/or vacuum outlets depending on the

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

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

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



20 wafer surface to output the |IPA vapor, the DIW and the flay y
be on a wafer surface. It should be appreciated that aIthouigsth‘qul:;,g}iFszlé0(pja
utilized in the exenplary enbodi nent, any other suitable type of vapor may
be utilized such as for exanple, nitrogen, any suitable al cohol vapor,

or gani ¢ conpounds, hexanol, ethyl glycol, etc. that may be mscible with
wat er. The portion of the DIWthat is19n the regi on between the 25
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reference to Figures 6 through 9B where IPA vapor and DIW are inputted into the region
between the wafer 108 and the proximity heads 106a and 106b. At substantially the same
time the IPA and DIW is inputted, a vacuum may be applied in close proximity to the

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

25  proximity head and the wafer is the meniscus. It should be appreciated that as used
herein, the term "output” can refer to the removal of fluid from a region between the wafer

108 and a particular proximity head, and the term "input" can be the introduction of fluid

to the region between the wafer 108 and the particular proximity head.

In another exemplary embodiment, the proximity heads 106a and 106b may be

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



20 106a froma center portion of the wafer 108 towards the e
wafer 108 in a substantially |inear fashion 113. Consequentf%,ﬁe%wgﬂgow
enbodi ment, as the wafer 108 noves as shown by rotation 112, the proximty
head 106a is capable of renmoving a fluid filmfromthe top surface 108a of
the wafer 108 using a process described in further detail in reference to
Figures 6 through 8. Therefore, the prékinity head 106a nmay dry the wafer
25 108 in a substantially spiral path over the wafer 108. In another
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enbodi ment, the system 100 includes both the proximty head 106a capabl e of
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106a andasl@&bripey atherelh irbfedete W Figufesastoe?Dw@e &pper arm 104a may be
configured to move and hold the proximity head 106a in a position in close proximity over
the wafer 108. The upper arm 104a may also be configured to move the proximity head
20  106a from a center portion of the wafer 108 towards the edge of the wafer 108 in a
substantially linear fashion 113. Consequently, in one embodiment, as the wafer 108
moves as shown by rotation 112, the proximity head 106a is capable of removing a fluid
film from the top surface 108a of the wafer 108 using a process described in further detail
in reference to Figures 6 through 8. Therefore, the proximity head 106a may dry the wafer
25 108 in a substantially spiral path over the wafer 108. In another embodiment as shown in

reference to Figure 3B, there may be a second proximity head located below the wafer 108

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

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

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



20 rotation to dry the wafer 108 in less tinme. In yet anothe anQdi

the rotation of the wafer 108 and the novenent of the proxi{nﬂ?y hezggg 1706a
and 106b may be adjusted in conjunction to obtain an opti nal

dryi ng/ cl eani ng speed. In one enbodinent, the proximty heads 106a and
106b may nove linearly froma center region of the wafer 108 to the edge
of the wafer 108 at between about 0 mmfper 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 nultjple proximty heads for particul ar surface of
the waf ef tROBITaRe agﬁv&r‘mﬁ% 8 afdithe B%“@Hﬁé?&i‘qg\‘eﬁléb Q?Pglﬁ'lﬁé’fﬁf‘fé“ﬁé%{lg?ﬁﬁ?%?ﬁli on.
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include hrave69 miamrd@ddxhd rallegs 10Bae1 02, nnd Q4De Eespantivelyt €lchis ootdforFelithaary 2007
-22 proximty heads 106b-i and 106b-2 respectively. In the system 100-1,

the pr oxiokersyl Reatd2b, 206402 mayrotggsbowetes 1igse substantigly ell suefaesefthe i 1  op
T bott = AR . O i anot ,
by havi e R OB AES R PEERRUAE tsThroREURPREAR UG B 1 0 for URERAIBE | 0N BP.

108, dr yilbghifig. "B dte Ghivaingg, while tieyafee 10811s Hetngiotutd, hat proximfty hbadst i ne.
Therefore, in operation, while the wafer 108 is rotated, the proximt

heads 108a-and 106Bargbrouggto elosenepximey-of the wefer pirdices §P9ryand &ha‘?ﬁhei/%
th fer 1 : f th
near ekt o bR St M R R dob g i ! e

otation

112 of tihg MedesiroddBitPlol tRE Svaddr108 e@e FeOdryldieorwidating Hh@Pbe Be@OXinm ty W th
the proximty heads so as to process all parts of the wafer 108. 10

Therl8f oraperasionhthepsoximmydrcadoireand $obtthey gachempyy flhadiom deuwaler 168a- 2,

106b-1, ,and , 106k nd .t r.otatj onal npv nt of the f.er waf er
sur f ace BEPRY™E ﬁ)élg %6%%6 W LAY 4CRP tgstﬁfggoﬁ W%‘ﬁ? ?’Iﬁ%ﬁ%eb%tﬁg %pg*rﬁc_ﬁg)fwaf er
108 to tthewassa 09fas Uberived &f reféi8ncd t0 FAB@hEr enbodi ment, the proximty

heads 106a-1 and 106b-1 nay start processing the wafer 108 and after they

have moved At LBMOLIRRE0Y ind 68000l ftas 196RIET0d0Me dfaerpron m Ly

heads 106a-2 and 1 Into™p e in the center ‘region of the
waf er 1@yt dryalPentn wafewif less thaod & ssianglso e padthansuboliwaeet, ehere thhe waf er

D ogEs OIS T8Y, eSS gsed SL A LLGAnL by Sy sl ek, ot Ly
of the vafehafh 82 Hentaf 5y 5290y SHERLHAYe uiniBtstddd that drying or cleaning
time may be decreased by increasing the speed at which the proximity heads 106a and
106b travels from the center of the wafer 108 to the edge of the wafer 108. In another
embodiment, the proximity heads 106a and 106b may be utilized with a faster wafer
20  rotation to dry the wafer 108 in less time. In yet another embodiment, the rotation of the
wafer 108 and the movement of the proximity heads 106a and 106b may be adjusted in
conjunction to obtain an optimal drying/cleaning speed. In one embodiment, the
proximity heads 106a and 106b may move linearly from a center region of the wafer 108
to the edge of the wafer 108 at between about 0 mm per second to about 50 mm per

25  second.

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

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



20 includes multiple proximty heads for a particular surfac r
108 in accordance wth one enbodi nent of the present inventﬁ%ﬁ&”%ﬁﬁ¥2?iﬁ
enbodi ment, the system 100-1 includes both the proximty heads 106a-1 and
106a-2 that are capable of processing the top surface 108a of the wafer
108, and proximty heads 106b-1 and 106b-2 capable of processing the
bottom surface 108b of the wafer 108. -25-in the system 100, the spindles 25
11la and 11 Ib along with a roller arm 109 may rotate the rollers 102a,
102b, and 102c respectively. This rotation of the rollers 102a,  102b, and
102c nayprosimity hedtds 1Rab-draniO®6h e respassivalyt ilathesystem KQ-§ .48 srarmitpdesgy or

Toob 1 S Hobi Grer PudlLes R bt A0otEn B o bl SRR LPRB e img R 0T
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the top p&tiEdbr safage 2007 waf281 @8, divnge tiarecbricheaning: tiroermsiybeaié togbauk kallaf er
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appreciated that a5 wth the wafer processing system descri bed in reference
to Fi gureaffA168 amtimdBe otitveard peeatdofe tdye ofdhewafeotl 68 ina snesparsmllydinead t o any

suitabl e speed_as.long as the  confiquration_epahl es proper er

pr ocessi #giornIy @Pﬁbé‘aiﬂﬁe‘iﬁ’ﬁ‘?}“opﬂeu\é}té‘? Wﬁ?eﬁégégpﬁgsa PO B8 Y eased
when hal § I I; : j Ebslgg arvrt Re ughwhifcg 1ogvafer. In
such an leor;:gg ?%eaml%ﬁ%tﬂ\ﬁgﬁgr plf)}(’)}é%aggisggss ee%ésﬁg‘yp\ég about hal f of the

pr 0d@s si Tigrefoss wvitkhita liaedrymovengn of thd pryxineigchéads G064-1 z bebap2r 106k brand| de.

10, Fi 5A sh top vi ew of f i d dryi t em 100- 2
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the present invention. In odiment, t oximty head 106a-3 is

hel d by an upper arm 104a- 3 t _exter C i he waf er
108" 1n thi s BapefinERbotniat JB R I hea TBRS SR SNt 06 1T o'
cl eani nq{rél(_fex'siﬁﬁ tROShfct 008 BYd afivanty Bale MBVENBNAy @bmithe cemperegiomoflifida- 3 so
t he proxi mt%/ ead 106a-3 can be in a position that is in close proximty
to the wedfer 1081 08 proxiseity headsl8ga-ianyd I96hE mephe mqvediptoqlgsendhe et y t o
t he wafer .108.,.t he rocessi ng.ope I 0] e
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and dryippgtesdift ety Be Wedrbastd Rignificantly by using multiple proximity heads to

process a particular wafer surface.

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

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

In operation, each of the proximity heads 106a-1, 106a-2, 106b-1, and 106b-2 may

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 confi QUI%HMaWEW
extends across a dianeter of the wafer 108 in accordance with one

enbodi ment of the present invention. In this enbodinent, the proxinmty
head 106a-3 and the proximty head 106b-3 both are elongated to be able to
span the dianeter of the wafer 108. In one enbodi nent, while the wafer 108
is being rotated, the proximty heads-#06a-3 and 106b-3 are brought to
close 25 proximty of the wafer surfaces 108a and 108b by the top arm 104a
and a bottomarm 106b-3 respectively. Because the proximty heads 106a-3
and 106bsudfaex hmdthedmttosssiurfaee ofidieeraf@0B)8 asrdhpwhafolr csgmals, it Figoet @t i on may
be needed to_clean/dry the wafer. 108. Fi gvlv” 5& EFOWS a tocp Vil ew eorftic? waf er
cl eani ngheighdt y By dravingtwmprog mitydicadis pHvalst 395 ihe Vafre R5CcTtR% OB AR
106b-3 ipn_.a j i qQurat i i i ki _ dQhehigde
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enmbodi mesprafiatedithal bs with vy fe? Ptessiddsysrees described antefganced to Hifiirg 3A

enbodi ment, the wafer 108 may be held stationary by, r]y sui tgbl e type of
waf e hoindi ¥y thresnegd of thervalst rat@giongRarpe é?rl%mé&yéug?a‘? B,Sp?q%r?jzf’%g i ‘%g edge
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anot her ﬁ%‘?gﬁﬁ{ }Le(ééllbﬁfa—@ﬁﬂgiﬂ-oﬁ%oﬁgggonﬂgﬂrﬁfb% whioR eficABOherobd@ dRbR¥drift y head

106a- 3 e proximty head 106b-3 may nove in directions 121 (e.g.,
top to bis¢ tvafard08 hottcondanoe woth @fe dEipdimenC)f thad heseitdneentioe Indter 108 may

stay stationar it hout. any r iQn or enment and,the i heads
T065. 3 e&imgwgﬁtw@eﬁfﬁ%mﬁ%}vaﬁgQé*;‘%d%ﬁ‘?lé ¥ W&%%9@4%“?§é§e{xéﬁ‘r%6‘§¥m ty of
the waf gr And giahRed W AHIR 2059 0B23S 1Y Bhbbaen @S 18E Bﬂcﬁ(ﬁmi@'&ﬁﬂ'hdﬁ#%ﬂi@ top

and/ or bottom surface of the wafer 108. Figure 5D shows a side view of a
vaf @8 clbeamived iatock dearing/dsyst posil@0bB a wiettivat movemeniofthe ypperzam 96z 3 and

106b-3 in a horjzontal confjguration which. is. configured t e nd/ or
dry t he SA&IeRTOXHaIty %ﬁd]i%g‘}‘si‘gﬂl%ﬁf&rz’ypqs ! %}ﬁéﬁ&&s%{%igﬁgtg%ﬁggfﬁgm of
the 108. Once the proximity head 106a-3 is in close proximity to the wafer 108, the wafer

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

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

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

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

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

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



20 present invention. In this enmbodinment, the proximty headisfBaudry 3007 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 dianeter of the wafer 108, the wafer 108 may be cl eaned
and/or dried in one pass by noving proximty heads 106a-3 and 106b-3 in
the direction 121 as discussed in refef®nce to Figure 5C. 25 Figure 5E
shows a side view of a wafer cleaning and drying system 100-4 with the
proximty heads 1Q6a-3 and 106b-3 in a vertjcal confjguration enabled to
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and dryi ng system 1( . a proximty head 106a-4 in a horizontal
conf i gud&8iney sidy Batianerewithowomysstasion adimeyenfent prd theprowimity ivads 1¢pa-3
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the_pr ofteret herbaSi G TR o Bey kntFsBRERITe AR e YABHRECbet rac e
bei g PHESLESESh pdsh orBthB &Faf@nuedE BRAkiry theQop bbb tiorh @8t adddéiahd wiaky
extend the radius of the substrate being processed. In a preferable

embodi me#8., the proxinity head 106a-4 extends over a radius of the wafer

108 so the proximty head nay process both the _
Figure SD shows a side view of a wafer cleaning and drying system 100-3 with the

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

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

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

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



20 center point of the wafer 108 as well as an edge of the V\ﬁp%brhgﬁy§@07‘. he
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 proximty to the wafer 108. Qfce the proximty head 106a-4 is in
25 close proximty to the wafer 108, the wafer processing operation of a
top surface of the wafer 108 can take place. Because, in one enbodinent,
the pr oxienondedpead tHOwaked 108 #ab ki amwticatin eppastte i thefirstrsagaliprelomeiivaf er
may be cl eaned and/or dried in ope rotation. Fiqure 5H sho a_Si: vi ew of
a waf er %‘FgaﬁFWEO%/H&FnM PEALY B B0 APl BRSNS e S8 060. 4
and 106Hdqd fodh Nhd 104-8ln QL QMR WiWE GAf@1DE1AS aBGIARBlcdne 30 radi us
of the wafer 108 1 n accordance th ohe enbodi nent of the present
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bott om arm 106b-4 respectively. Because in one enbodi nent, the proximty

heads 1@6wodiment bi6te presout drvgntien.ol should deapprasiated that thg preidmely hepd waf er
108, .only a full .r fion, may. be needed . cl ean/.dr 108,:..10 It
sholf o Einaseub IOy i gthie e aay Sy i BRI Hith & or SRagbierhfing®
100-4,  HOGoRimANHeRNtArSsH & ahily @A 3bhtddnBeREreciBY chifipated Wittedhads a
cluster tool wthin a wafer processing system A cluster tool is an
appar at ssowmat Figaye % i ncorporated into a frame assenbly (such as those
di scussed in further detail in reference to Figures 17 through 21 bel ow

with ot her wafigrepCodessiatgp edp pfientafac]eanling pldedryidgerysteantiiboh with ai pl e
types of 15 wafer @éagcessi ng may be conducted jin one system  Fi %re 6A

Shows aPPPERIIE KB b BOTIERTFROSIERERRITIBE PLOMEOTE2HBSIY (19 2ed
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present i1nvention. I'n one e nment, orientation 117 is a portion of
a proxi sinbydinead ROPrximite headl &4 zatendeadmbsless tBaR aaadfug0ba swbssidtti ti on to
ot her source outlets 304 nmay be . .
being processed. In another émbodiment, the proximity head 106a-4 may extend the
radius of the substrate being processed. In a preferable embodiment, the proximity head
106a-4 extends over a radius of the wafer 108 so the proximity head may process both the
20  center point of the wafer 108 as well as an edge of the wafer 108 so the proximity head
106a-4 can cover and process the center point of the wafer and the edge of the wafer. In
this embodiment, the proximity head 106a-4 may be moved into a cleaning/drying position
by a vertical movement of the upper arm 104a-4 so the proximity head 106a-4 can be in a
position that is in close proximity to the wafer 108. Once the proximity head 106a-4 is in
25  close proximity to the wafer 108, the wafer processing operation of a top surface of the

wafer 108 can take place. Because, in one embodiment, the proximity head 106a-4

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

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

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



20 utilized in addition to the orientation 117 shown. The orig*%g%h&ngG?ﬂ
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 may be
utilized to clean and dry the wafer 108 in accordance with one enbodi nent
of the present 25 invention. In one ef#fbodi ment, the orientation 119 is a
portion of a proximty head 106a where other source inlets 302 and 306 in
addition_to other source outlets 304 nay be utiljzed in addition to the
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out| ets gg% be utilized as long as at | east one conbination exists where
at |RastVabierotesting Ny e dHFEE IBpe $61j acent to at | east one of 20 the

source outlet 304 which is in turn adjacent to at |east one of the source
i nl et 306. THégure 6A shows a proximity head inlet/outlet orientation 117 that may be utihized

to clean and dry the wafer 108 in accordance with one embodiment of the present
invention. In one embodiment, the orientation 117 is a portion of a proximity head 106a
where other source inlets 302 and 306 in addition to other source outlets 304 may be
20  utilized in addition to the orientation 117 shown. The orientation 117 may include a
J 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 mvention. In one embodiment, the orientation 119 is a portion of a proximity head 106a
where other source inlets 302 and 306 in addition to other source outlets 304 may be
utilized in addition to the orientation 119 shown. The orientation 119 may include a
source outlet 304 on a leading edge 109 with a source inlet 302 in between the source

outlet 304 and the source inlet 306.



| PA may be in any suitable formsuch as, for exanple, |IPA va MisFe26FA
in vapor form is inputted through use of a N2 gas. I\/breoverfpﬁ‘fthou)g% DWW

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 fluids, etc. In one enbodi nent, an |IPA 25
inflow 310 is provided through the sout™ce inlet 302, a vacuum 312 maybe
applied through the source outlet 304 and DI Winflow 314 nay be provided

t hr ough t he rce jinjet 306. Therefore, an enbodi ment.of_ t.h
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interface 118) with the DIWinflow 314 and along with the vacuum 312
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combination of source inlets and source outlets may be utilized as long as at least one
combination exists where at least one of the source inlet 302 is adjacent to at least one of
20  the source outlet 304 which is in turn adjacent to at least one of the source inlet 306. The
IPA may be in any suitable form such as, for example, IPA vapor where IPA in vapor form
is inputted through use of a N; gas. Moreover, although DIW is utilized herein, any other
suitable fluid may be utilized that may enable or enhance the wafer processing such as, for
example, water purified in other ways, cleaning fluids, etc. In one embodiment, an IPA
25  inflow 310 is provided through the source inlet 302, a vacuum 312 may be applied through
the source outlet 304 and DIW inflow 314 may be provided through the source inlet 306.
Therefore, an embodiment of the IPA-vacuum-DIW orientation as described above in
reference to Figure 2 is utilized. Consequently, if a fluid film resides on the wafer 108, a

first fluid pressure may be applied to the wafer surface by the IPA inflow 310, a second
30  fluid pressure may be applied to the wafer surface by the DIW inflow 314, and a third fluid



contain the nmeniscus 116. The flow rate of the | PA assists 'f’SFé!H%'P?
shift or a push of water flow out of the region between the proxim

and the wafer surface and into the source outlets 304 through which the
fluids may be outputted fromthe proximty head. Therefore, as the |IPA 25
and the DIWis pulled into the source outlets 304, the boundary maeki ng up
the IPADIW interface 118 is not a coftinuous boundary because gas (e.g.
air) is being pulled into the source outlets 304 along with the fluids. In
one enbodi ment the vacuum fromithe source outlet 304 pulls.the DIW

| PA, anoprﬁwqmaygeaaplﬂw}wﬁwﬁcw%?c@, repry ol Wi @ﬁ%?hesgéw TRR | et
304 is %?é . This flow discontinuity is anal ogous to fluid and gas
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on the wafer surface. The nearly immediate removal of the DIW from the wafer surface

ead

prevents the formation of fluid droplets on the region of the wafer surface being dried
thereby reducing the possibility of contamination drying on the wafer 108, The pressure
20 (which is caused by the flow rate of the IPA) of the downward injection of [PA also helps

contain the meniscus 116.

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

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



I n one enbodinent, the flowrate for the vacuumthrough a sejs %&,E&y§wce
outlets 304 is betvveen about 10 standard cubic feet per hour ? to
about 1250 SCFH. In a preferable enbodinent, the flowrate for a vacuum

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

exenpl ary enbodi nent, a flow neter nmay_be utilized to 25 nmeasure the flow
rate of the IPA, DIW and the vacuum‘?—}l‘gure 6E shows anot her wafer drying
process using another source inlet/outlet orientation that nay be
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Figure 6E is the orientation deScribed in further detail in reference to
Fi gure 6®@rexudes 30Rend 306 and source outlets 304 More flow for larger head.

In one embodiment, the flow rate of the IPA vapor through a set of the source
inlets 302 is between about 1 standard cubic feet per hour (SCFH) to about 100 SCFH. In
20  apreferable embodiment, the IPA flow rate is between about 5 and 50 SCFM.

In one embodiment, the flow rate for the vacuum through a set of the source outlets
304 is between about 10 standard cubic feet per hour (SCFH) to about 1250 SCFH. Ina
preferable embodiment, the flow rate for a vacuum though the set of the source outlets 304
is about 350 SCFH. In an exemplary embodiment, a flow meter may be utilized to

25  measure the flow rate of the IPA, DIW, and the vacuum.

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

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



addi tional source outlet 307 is included adjacent to the sou I
on a side opposite that of the source outlet 304. In such aﬁ§gﬁg§%?%%§€?
DI Wnmay be inputted through the source inlet 306 while a different
solution such as, for exanple, a cleaning solution may be inputted through
the source inlet 307. Therefore, a cleaning solution flow 315 may be 25
utilized to enhance cleaning of the wafer 108 while at substantially the
sanme tinme drying the top surface 108a of the wafer 108. Figure 7A

i |l ust imty h 106 perfaqrp. dryi tion in
e b e R M RS S RS & i ne SRRLEON I
106, in oBSditHRRdhd B ee MRY G866 WS 4 Iﬁ}W'fﬁﬁ@B P4 f&gs;agerl h%r&y&elﬂ Aerlc@Rogyr face

108a of the wafer 108 30 to conduct a cleaning an I'ng operation. It
shoul d bthezppreecnlat 32 appdies e flowoXi iotwar d e Fedierumefic® 008a, and thehspacte106 nay

Y N O T R
proxigm t ¥, ReadhA08 wiRYs Hfe NG HnA cjf{tl?ee@rox&xgi@hhé%ﬁ 1@69@195%%(1'?1% mot i on
e top ace a. p the

. ¥,
while flurd i1s rem)vedsfromt sur y applying 'PA 310
t hr ough ddiétisnalinaebemlaed (302 of thigcy Adets BhBIAirse diltleiphy sousakinout | et 304,
and t he deioni.zed water 314 through the source inlet 306, the neniscus 116

as di scUQEscHiAn pathdpe pHentedorphiesorrcarists 398 mad 306 and fegmuscermitiebons a

SCUSH .. Gliceosraiyise 9e 7
embodi moar P Fa e 85, T RESNE 3 Efholtber B REG AN Dol a8,

from | efibddmentgity @nerollir®ahe ainoliito S0k O€ flultls@hnto3®e weSalrfaeé 108easDuUr ce
outl et 304, a set of the 10 source inlet 306, a set of the source outl et
304 10andyrostp!log thhsacyor gwlicd) e naapscus THrhstramagedignd puntealledinwnir e

i nputtedq,| ' en t oximty head 106 fer 108,
t he vac (l%ﬂlr%gﬁrlg rlﬁng\%gglr' tef%’ A %?ﬂﬁsé"\rﬁ“ theegrﬁ?%lgﬁeg%y&ﬁ’ ctrﬁasg}%/t?xg II?JI?@ %PH]%I M’?hat may
resi de andtondesvafistiig H@&acthiig 332Uhe @utfve tfro 3 the kB@rcs QUIIEE304they Be 306, and
the source outlets 304 described herein nay al so be any suitable type of

geonet r pealicpll BIVW and ths faydsrhsting respoved feam direwpfegsurfagadi08aopemather etc. In
one enbqgi t r j 30 and, 306 _and the sourc Lets 304
ave o ePaRhent CIPIERUSIS chE LT RaSR 1 L3R B g R R A 2 1
angled sotffovethirohgt the SOEce oP@EfIVUThaGbEsEHsWnAgIIPRebRbimifioh df DIV a@age W th
one enbodi nent of the present invention. It should be appreciated that the
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may be angled in any suitable way to optim ze the wafer
Figure 6F shows another source inlet and outlet orientation where an additional

source outlet 307 may be utilized to input an additional fluid in accordance with one
embodiment of the present invention. The orientation of inlets and outlets as shown in

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

25  utilized to enhance cleaning of the wafer 108 while at substantially the same time drying

the top surface 108a of the wafer 108.

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

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



cl eaning and/or drying process. In one enbodi nent, the angle } ts
302" that input |IPA vapor onto the wafer 108 is angl ed tomag%ﬁgﬂggggagbg
inlets 306 such that the |1PA vapor flowis directed to contain the

meni scus 116. Figure 7D illustrates a proximty head 106 with angl ed source
inlets 302° and 25 angled source outlets 304" performng a drying
operation in accordance with one enbotlinent of the present invention. It
shoul d be appreciated that the source inlets 302° and 306 and the angl ed

source outlet(s) 304" described herein maybe angled in an sui t e way to
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Figure 7C illustrates a proximity head 106 with angled source inlets 302'

performing a drying operation in accordance with one embodiment of the present
invention. It should be appreciated that the source inlets 302" and 306 and the source
20  outlet(s) 304 described herein may be angled in any suitable way to optimize the wafer
cleaning and/or drying process. In one embodiment, the angled source inlets 302" that
input IPA vapor onto the wafer 108 is angled toward the source inlets 306 such that the

IPA vapor flow is directed to contain the meniscus 116.

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

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

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

30 wafer 108 is angled at an angle 5oy toward the source inlets 306 such that the IPA vapor



306 may be utilized for IPA inflow 310 and DIWinflow 314 re '

whil e the source outlet 304 may be utilized to apply vacuumfgggﬁllul\é%g %7ul d
be appreciated that any suitable configuration of source inlets 302,
source outlets 304 and source inlets 306 may be utilized. For exanple, the
proximty heads 106 and 106b nmay have a configuration of 25 source inlets
and source outlets |ike the configurat?on described above in reference to
Figure 7A and 7B. In addition, in yet nore enbodinents, the proximty heads
106 and _106b may be of a configuration _as shown below in reference to
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used i na_fl , the processing w ndow 538-1 is a
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538- 2 i present invention. In this embodiment, by usage of source inlets 302 and 306 to input IPA
and DIW respectively along with the source outlet 304 to provide a vacuum, the meniscus
116 may be generated. In addition, on the side of the source inlet 306 opposite that of the
source inlet 302, there may be a source outlet 304 to remove DIW and to keep the
20  meniscus 116 intact. As discussed above, in one embodiment, the source iniets 302 and
306 may be utilized for IPA inflow 310 and DIW inflow 314 respectively while the source
outlet 304 may be utilized to apply vacuum 312. It should be appreciated that any suitable
configuration of source inlets 302, source outlets 304 and source inlets 306 may be
utilized. For example, the proximity heads 106 and 106b may have a configuration of
25  source inlets and source outlets like the configuration described above in reference to
Figure 7A and 7B. In addition, in yet more embodiments, the proximity heads 106 and
106b may be of a configuration as shown below in reference to Figures 9 through 15. Any

suitable surface coming into contact with the meniscus 116 may be dried by the movement

of the meniscus 116 into and away from the surface.



accordance wth one enbodi nent of the present invention. In } t,
the processing w ndow 538-2 nmay include a plurality of sourggﬁﬂﬁﬁgﬁgbggg
and 306 and also a plurality of source outlets 304. The processi nhg wi ndow
538-2 is a region on the proximty 25 head 106 (or any other proximty head
referenced herein) that may generate and control the neniscus 116.
Therefore, the processi ng wi ndow 538-23rmay be a region that dries and/or
cleans a wafer if the proximty head 106 is desired to be used in that
manner. In one enbodinent, the processing wi ndow 538-2 is a substantially
circul ar shapégurEiSgahewe he proninitnbensisd Oprand 486 Hya dral defesasiase | i

d i th 30 enbodi ft ¢ ' -
ot et JroRE Qg Trsratires st orl ERERmp S Peegy Tniiion. e
pluraligy gg% eﬁgﬁaiﬁ{%m’t,% xRty BOM BBcks@ 88 téh Alrfkall DBy obfhesaaferce

. e

outlets processing wi ndow 538-3 is a region on the proximty head
106 (or 188yandttheproxpniix head Yodvgadeaseésethe hotamiserfasmyf 1afR ofithy vgkndPit e and

" agi on Eidne BRI FRRe 1 Wadhe FrlteC S PRI POS HspddivibE B °

desi r Edgggl_sggf H889cutn BRR! hIRBARE oul1Br ANE nRHResibEmNU 6 thilebe RiTARESSI Ng

w ndow IS a substantially oval in shape. Figure 9D illustrates a
pr ocess beyvesh MigopvoRidditylhéad lAGcnddaneafani OB anddetvesebdhlé meximiy headbl Yttesent

[ ion, | mbodi . th [ i nd 38-.4 j.nGl.ud
ol ur al 1 #9 weik LS. Thestiexsbiy Brd 306 sandOab e dbprire ey Rkl fte. ©

outl ets ' 'ﬁbﬁsa - feclifi aft hAHEPS e dnbige WaRXIOR Y
head 10gga?gféqé%@eg&%ﬁg{h%qﬁ%%%%oﬁ egfgf)?%?ereelnged herein) that nay generate
andjont#obe d@l. meni scus 116. Therefore, the processi ng wi ndow 538-4 may

be a region that dries and/or cleans a wafer if +the proximty head 106 is

desired to bejgsedaiiNudthads IHaBesing Windoe B3RO0 amotdantaevithpomecessi ng
w ndow 538-4 is a substantially square shape. 15 Figure | OA ahogﬁ gn
exenpl aepbpdioeessf ke paernGRgention. tIh angengiodiasit; legrossstings’ iy @e8-2302 and

306 as well. as,the plurality of.,so | SRARGE WM one
enmbodi mB¥Y ! uq%%plﬁfaéggﬁi S?‘%@%W%ﬁﬁéf Sﬁgg%gé%%gér%n%ta?&fﬁ% pr ocedsﬂgtscw ndow
538- 1 i B4 OPRE FobORiHFYinaBwEBeTid dreidrEsi b proxirhflydead 386 eonadyerthaur i ng,
for exanple, a wafer = drying operation. In such an enbodi nent, proximty
heald 10promiyite heasinefesendel iethin)ohatmay gepdrate aad cpae! BR BENRSilAG edge

regi on 548. .The, | eadi ng edge region 548 is fs ddor RERS i ey fread
106 t ha?i,‘erfaf?r%%&‘ar I}%Oﬁassﬁ}%‘c’\fg@&” %lngggﬁrrll Soresa ﬁ%fr}fng@gﬁ?r?sst . C(())rn‘ver sely a
traili Nge proximity head 106 is desired to be used in that manner. In one embodiment, the
processing window 538-1 is a substantially rectangular shape. It should be appreciated
that the size of the processing window 538-1 (or any other suitable processing window

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

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

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

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

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

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



edge region 560 is an area of the proximty head 106 that en

area being processed last. As the proximty head 106 and thg@g%@é&&ﬁ&

wi ndow 538-1 included therein nobve across the wafer in the direction 546,

the wet area of the wafer surface enter the 25 process w ndow 538-1 through

t he | eadi ng edge region 548. Then after processing of the wet region of

the wafer surface by the neniscus that34s generated and controllably

mai nt ai ned and nanaged by the process w ndow 538-1, the wet region is dried

and the dried region_of the wafer é&r substrate) | eaves the process w ndow
§
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544 may 'be any suitable size and/or “shape such as, for exanple, circular,
ring, sem-cig - 9 @sné ONg as a
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10 r enowenbidditnes df tionpr@saitifieaeionn aoneéhbedigrht, tnpecessing windoenii@dd nent |
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pr ocessitAYy Medea phurelipygisouraerialis 302 and 206 anhalsorp lyrHEY QHSReHeM ir al i ty
of ur 6 0ut | I ' ' i he,

ol un 31| oo gh ot vk dR8 R R 3aRb R A i el RO RTRDY Ofer, o 542
sur r ounggoxiaiitydiths iefatenadd Kersin) tiodt Rets) gehbaitd &gl amtbd thammtdisausrlildg of source

15 outlets 304 (e.g., a vacuumirl n%ﬁ The regi on 540 subqs"ta tial I% .
sur r ounddieraferey digipsocessing window 33 84hmap ke regian thahdere apdier deanse WafeL Hur ce
inlets 1S ' i f .. the. pr ] -1.
Ther ef o?@%m?%h%ﬁ efr?éz}l[dlalodrﬁ31 Q%gg%f%% nﬁegﬁhglghmf fécpgelﬁgflg'? éﬁg Ogﬂ?%%l}?%gneni scus
by applprembsingwiddomP23 8-Bliv\a sabdantitlysquarehigee regi ons 540, 542, and 544
in the process 20 wi ndow 538 (as shown in Figure | 0A). Wen the proximty

heags 106 is mRMiBJ0ADOWsR cxeBip®iry pHidedsRinddwass X A Ble)plgalitynef source
operation, the wafer surface that noves through the opening 541 in the

regi on 5aets3Ad apdRAbaes sellvs theplusalify of seura philels BAe i peposdancaivithone

embodiment of the present invention. In one embodiment, the process window 538-1 in

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

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

25  process window 538-1 through the leading edge region 548. Then after processing of the
wet region of the wafer surface by the meniscus that is generated and controllably
maintained and managed by the process window 538-1, the wet region is dried and the
dried region of the wafer (or substrate) leaves the process window 538-1 through a trailing

edge region 560 of the proximity head 106. As discussed in reference to Figures 9A



538 is dried. The drying occurs because fluid that is on tha i
the wafer surface that contacts the neniscus 116 is rennvedh%gapﬁ39?2967
meni scus noves over the surface. 25 Therefore, wet surfaces of a wafer may
enter the process w ndow 538 through the opening 541 in the region 540 and
by contacting the fluid nmeniscus may undergo a drying process. It should
be appreciated that although the plurakity of source inlets 302, the
plurality of source inlets 306, and the plurality of source outlets 304 are
shown in this enbodi nent, other enbodinments nay be utilized where any

sui t abl ethneughe?D ahe phesowuiclow B8-1 nlagths a8 2uitdbhestapasseh s fatega®pB, and
the source out]lets 304 .may be utilized as long as the 15 February 2007 -36
conf i gur BFi8RYAREIR ORI ’?W@EﬁFEPHFV¥9‘%ﬁ source inlets 302, the source
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enmbodi ment e proccheng mandow ay disessded Dorefadensertp Higired ) Be Higwridke one or both
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enabl e the fluid removal process as described i'n Figures 6 to 10.
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sui tabl e nunbers 15 or apes” of source outlets 304 and source inlets 302
and 306 knbwnshauwadue rapp iedidesdlk plurdity phsowtdeutddts Bévb apd dlve piocgssigads
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DiWorientation in a process window or a variant thereof as described above
i n tef epeticte 320 (¢.g., Bivgonws ring) hThepgia0340Mubstmboldy sureundsthe regiopr i mity

ermbodi oW S e S o b i g B ot s g R oedbs I e et St
descri beg ABcé8hahENGS3R0 Fi gures 9A through | OB above.
Therefore, in operation, the proximity head 106 generates a fluid meniscus by
application of IPA, DIW, and vacuum, in the regions 540, 542, and 544 in the process
20  window 538 {as shown in Figure 10A). When the proximity head 106 is moving over the
wafer surface in an exemplary drying operation, the wafer surface that moves through the
opening 541 in the region 542 and contacts the meniscus 116 within the process window
538 is dried. The drying occurs because fluid that is on that portion of the wafer surface
that contacts the meniscus 116 is removed as the meniscus moves over the surface.
25  Therefore, wet surfaces of a wafer may enter the process window 538 through the opening

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

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

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



In addition, the proximty heads descri bed herein may be “t'iﬁﬁaﬂn&9§2007
ei t her cleanrng or drying operations depending on the fluid that 1s

i nputted and outputted fromthe source 25 inlets 302 and 306, and the
source outlets 304. In addition, the proximty heads described herein may
have multiple inlet lines and multiple outlet lines with the ability to
control the relative flowrates of |i¥uid and/ or vapor and/or gas through
the outlets and inlets. It should be appreciated that every group of
source inlets and source outlets can have independent control of the

flows. l®nfgyratignyandpgmber eﬁthwhghldwm Seercamil%éoat@e spwse 1lEls 30P7adas wel |
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heads may be between 1.0 inch to 20 about inches_and the w dth froma
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sut tabl gesr(r%%gg rln Frsgures 11 through 14 are manifolds that enable usage of the IPA-vacuum-

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

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

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

should be appreciated that every group of source inlets and source outlets can have

independent control of the flows.



l ong as such a configuration nmay generate a controlled stabl g
manageabl e fluid 25 neniscus. Figure 11A shows a top view of aﬂggg?r%$007
head 106-1 with a substantially rectangular shape in accordance with one
enbodi ment of the present invention. In this enbodinent, the proximty
head 106-1 includes three of the source inlets 302 which, in one

enbodi ment, applies IPAto a surface of’the wafer 108. 15 February 2007 -
38 In this enbodiment, the source inlets 302 are capabl e of applying |IPA

toward a waf ace re i on e source_inle 306 ar.e capabl.e, of
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ports be inputted or outputted through

t he sourinigh,iant gliec S820f thhepatitgces matsbﬁfceaﬁéts 389@& didut bQBSﬁclli ce inlet 306.
Al though the ports 342a, 342b, and 342c correspond with the source inlet

302, the sourgpeneuhiveHinddft ,themrwmapy@@ énd Etboein 2AfRidntolthé SoesesMllas y
errbodl ment, it should be appreciated that the ports 342a, 342b, and 342c

may sup @Ioﬂ apg spragedboteoutt | D3 inchrapch shayt & fiincibdparts dup (peefrblralb&t ergbodiment dhout | et
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shape of the neniscus 6 may vary depending on the confi gur at| on and
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heads descri bét 1 one Size of the ports

34285 3é42dble EhecgeaéraﬂoﬂimYa lentell stk erabih aliinafea0f fluid eherdsdisaboaprdfe@dld nch in

dianeter. In a preferable enbodinent, the port size is, abaut
embodiment, the proximity head may be a type of manifold as described in reference to
Figures 10A through 14C. The size of the proximity heads may be varied to any suitable
size depending on the application desired. In one embodiment, the Jength (from a top
view showing the process window) of the proximity heads may be between 1.0 inch to

20  about 18.0 inches and the width (from a top view showing the process window) may be

between about 0.5 to about 6.0 inches. Also when the proximity head may be optimized to
process any suitable-size of wafers such as, for example, 200mm wafers, 300, wafers, etc.
The process windows of the proximity heads may be arranged in any suitable manner as

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

25 meniscus,

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

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



25 0.06 inch to 0.18 inch in dianmeter. In one enbodinent, thﬁ;ﬁé Pf§007
between the ports is between about 0.125 inch and about 1 inch apar

pref erabl e enbodi nent, the distance between the ports is between about
0.25 inch and about 0.37 inch apart. Figure 11B illustrates a side view of
the proximty head 106-1 in accordance with one enbodi nent of present
invention. The proximty head 106-1 i néBudes the ports 342a, 30 342b, and
342c. I n one enbodinent, the ports 342a, 342b, and 342c feed source inlets
15 February 2007 -39 302 source outlets 304, and the source inlets 306
respecti vel y. Inthiskobbdinisat, thejsuseeisdets Boharecapatio pt ankepsBALAY KA t abl e
nunber, ape as |lon ST sourc Il as
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ports 342c shown in Figure 11 C. Figure 12A shows a proximty ﬂ 106 2
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of the proximity head 106-1.

Tt should be appreciated that the ports 342a, 342b, and 342¢ for any of the

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

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

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

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

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



25 outlets 304. In one enbodinent, the ports 342a, 342b, and153§gl§rua v 2007
correspond to the source inlets 302, the source outlets 304, an tﬁe
source inlets 306 respectively. Figure 12C shows a back view of the
proximty head 106-2 with a partial rectangular and partial circular shape
in accordance wi th one enbodi nent of thg present invention. The back side
as shown by the rear view is where t hé*back side is the square 30 end of
the proximty head 106-2. 15 February 2007 -40 Figure 13A shows a

t i Mt 6-3 in. ith di t ,of th
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simlar to the proximty head 106-1 as discussed in reference to Figure 1
| A. The ped3hapuivell agspiresxdutiats3tremdy bo6tilizédiol gedestd, hemintour, eed aniget s 304"
that are Iar%gr ig gi aneter than the source outlets 304. In any of the
proxin‘itg}jeﬂlé ¥ 4 ribed herein, the dianeter of the source inlets 302

and 306 as wel| as_ the source outlets 304 maybe altered so neni scus
generation, nAlEMEhHEneROVaRFaRHIPgRhBAPrewiitydeadd PorildB@ccqraanagivgith one
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toward tdebokifnent, soiréspoads ®0he feadBiptbdeb 848 A kieeproRithiteh&ad3- A B skafdabl e of
appl yi n% vacuumto a region in close proximt f a surface of the wafer

0
108. By Rerwprgsirted Bt Bi¢ neexiohty head dom1 iLSWéemP}ﬁlﬁ,f}’ D pyturerrRdangy Be #8f t ype of

fluids t I fer surfac re ed. The proximngty
hoad J0G gh T BImERS0EE: Bl 8 WY Sl 2 hIASHI R R SSIRY 8¢ e SRRoRE B
enbadi mené coripur@bpanghahsertib ensilel ERenindlagll/08Avins oP sy sret | @ ind84, and

source inlet 306 _respectively. By inputting or renoving fluid through the
ports 34panendeasribgdhbersiypcIn ofg ¢mbedimgnt, e progimite Heast 1¢ul prgledas thérr ough

t he sour i . nce.outlet 304, a t he source-4.nlet, 306.

At houg it itgORS P20 s Faf St G ATtatSipe B0 e Folfoe R E Sk A o
302, thgasoll Rehouipebold42adbviig FHeweagd.nl et 306 in this exenplary
enbodi nent, it 20 should be appreciated that the ports 342a, 342b, and 342c

may supply OIFiGETYA doWisdh prbk RIHARNAdS6L 2 R4 B é&ﬂiaereuahgmapgn ige outlet

dependi ng on t configuration desired. Because of the configuration of
t helsourceulanthaps 1IB@Z onduricS Bbthvartchent relimentr afdheo ptdsemtsn@@ion. tthéehisreni scus

116 may be for bet wee he imty head 106:1 and the_wafer.108. The
shape pf’mfe)ﬂ@nff:g‘?riqg% Bgoxﬂlgy &Pﬁﬁ'fd 5@\5‘? ‘B@Bé?ﬁﬁr}?gm&’noﬁ Wé‘“‘(?o‘ﬁ#qt@%#gfhiabﬁ and
di mensi gdjacent on both sides to rows of source outlets 304. One of the rows of source outlets

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

rows described above are rows of source outlets 304.

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

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

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

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

30 end of the proximity head 106-2.



25 of the proximty head 106-1. It should be appreciated tha

342a, 342b, and 342c for any of the proximty heads describgﬁﬁﬂgpgﬁiﬁﬁga
be any suitable orientation and dinension as |long as a stable neniscus can
be generated and nai ntained by the source inlets 302, source outlets 304,
and source inlets 306. The enbodi nents of the ports 342a, 342b, and 342c
described 30 in relation to the proxi nf&y head 106-1 nmay be applicable to
any of the proximty heads 15 February 2007 -41 described in reference to
the other Figures. In one enbodinent, the port_size of the ports 342a,

342b, and 342FZHES! He shatvREstassla proxamity eyl L1 A atRoréRnss Withdamei n
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| eadi ng sedge cafiBtsF04t 116 apy oxIhRIpryxiREHheb@ dékcribéd Bdtoinl thelfatheteppfiheci at ed
that the proxi m% head 106-3 is exenplary in nature and nmay be any
sui t abl eotifcrsmistsold2zasd 3oags aelt dsche seitree onitdte 864 BRY barmdeBds04BEREIUF as t he
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t he proxbiick YniBRBD2 LS cababRCAUPSSHIANEP A tdWRAHl aRRITESsBAEE rafibs hhdyuréeed
fluid to at | east sonme of the source inlets 302a which run 15 parallel to

t he 19 npunlepG0sar@ agmbkhaiapplyinEDIW @weshihery afar anfgeregipygnddhesowcsi de

iew of t imt 106- 3 | d i th : i f
MBI P o e e TR e B S
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inlets 302, source outlets 304, and the source inlets 306 respectively. It
shoul d Beidsriiatraensdid2enthwefer herfaermey bayenbevedny suit abl e nunber, size, or
shape as long as the source inlets 302 and 306 as well as source outlets
304 may be utliheiprexintity lgadd 063 esisoraichides porta dd2aygddyeand W crtiati wous 116.

Figure 14A shows a rectangu] ar proximty head 10 -ﬁgin ccordan&; Lth one
enbbdli mERPOHIM Y OreaRAN 10; the 8PS ey 30 2opi e BYIRt it 20 ST BT APYy head

106- 4 respectively. By inputting or removing fluid through the ports 342a, 342b, and 342c,
fluids may be inputted or outputted through the source inlet 302, the source outlet 304, and
the source inlet 306. Although the ports 342a, 342b, and 342c¢ correspond with the source
inlet 302, the source outlet 304, and the source inlet 306 in this exemplary embodiment, it

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

25  of the proximity head 106-1.

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



25 includes a configuration of source inlets 302 and 306 and ts
304" that is simlar to the proximty head 106-3 as discussggpﬁﬁgggfgpgﬁce
to Figure 13A. The rectangular proximty head 106-3 includes the source
outlets 304" that are larger in dianeter than the source outlets 304. In
any of the proximty heads descri bed thein, t he dianmeter of the source
inlets 302 and 306 as well as the source outlets 304 nay be altered so

meni scus 30 generation, naintenance, and managenent may be optim zed. In
one enbodj .the 15 Febru 007 742 source outl.ets 304 |.gcat ed
loser ¢ SUPREb s A abia B G TiRifs, HESSIGIrRt bR o B o b fS

ref er ence41:0 3521 Wind 343 Omadiebetiiien dbBRE0.08 itANIIGYHEL0.281inch if @RInhétér. In
meni scus may be generated. The regi on spanned by the source inlets 302,

306 and 8ptafereblgumthndsmennphte podrsize is ebewk Aeinghite 811§ iB0Yinglaelstr inpEe | n
reference to,Fiqgur 1 be any 5 suitable siz /.or, shape. .l n_gne
erbod norbogisth e dsehes RAGRRRS mefitbilaarn 288075 6 B8P HRuL "o
square i AGheSn alfteRrd€EAHEAhRNE MROGL IR bethBEn MeQReRTs WetidenapdX (b  about
0.75 inch. Therefore, by adjusting the region of the In this enbodi nent,

t he souriseh apchhleaw 030inah epahipabl e of applying | PA toward a wafer surface
region, the source inlets 306 are capable of applying DIWtoward the wafer

surface regi oRiguIBB bgoveoaFaevieut dfahs paldmitd haicd 1 oapabhecddarmppéish g
vacuumto a region in close proximty of a surface of the wafer 108. By
t he appl §rekadiganit! the presertinyantione Thpacar oy ofHe papxindbhegadtlPfe’, 38 OB Ui ds

t hat i f e e d
106 3 argi PP, Eobacty BEle s, ST <48 of BERHERm el IR0 L KNNAET,
cor 1nespdschppeecidied gauiteeroXibgty [ad,! 06 Ak eRe@plakein Bdre aatddnsoby @g/ i nl et 306

15: respectively. By inputting or reqnvngg fluid through the ports 342a,
342b, arfyitalde dimensioryas ipng apthe; sapiretialetsotO2andpifo asavel heothgsorise oudet 3

inlet 3 [ Cce t 3 Rl Ali hough t he
por ts 305 SR Emher ¥ ol oAl o] B EEof Bl hariP e GibE°Y Be
sour ce @guidrnet d&QAbedRétet) eSO digbddih@ht, 3BproRirkity BeRXEWPS aicludahiedi nent ,

it should be agpreci ated that the ports 342a, 342b, and 342c may supply or
renmove fRIAL@ORS 32 @ivhiphymay feed bludd kotfrleast sene et Bie septredaletii(arwiieh 84Hi ng

on tl?i §8%fui§n rt%lgﬂ’\r,]‘\ﬁtgﬁﬁ% ?]Efic'sho% Ci%Lﬁ%]xr%th he configuration of the source

inle ~the source outlets 304, the meniscus 116 may be
wafor 105, TRAPERASE WPHEHE Hafr SEvok e ey bddohe Ttk thBSnlbe o
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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 shouid be understood
20  that the ports may be any suitable number, size, or shape as long as the source inlets 302

and 306 as well as source outlets 304 may be utilized to generate, maintain, and manage

the meniscus 116.

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

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



25 dependi ng on the configuration and dinensions of the regi
inlets 302 and 306 and regions of the source outlets 304. F?ggggffiggbﬁ?ms
a rear view of the rectangular proximty head 106-4 in accordance with one
enbodi ment of the present invention. The rear view of the proximty head
106-4, in one enbodi nent, corresponds to the |eading edge 548 of the
proximty 30 head 106-4. It shoul d be &ppreciated that the proximty head
106-4 is exénplary in nature 15 February 2007 -43 and nay be any suitable
di mensi on_as e sounce |nlehs 302 and 306 as well as the source
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in one mm@pﬂd&b}dﬁﬂbﬁdbﬁfﬁﬁemdﬁb&ﬁdﬂdv&&d in a configuration as described
in reference to Figure 2A. As shown in reference to Figures 15A through

ISF. the wal efhd oRingheAsadTRIGES LD iR okiadailenaaciits Synafikem GRn be

seen with different flow rates, vacuumr wafer “rotations. The
flowr ateeab@ﬁnmmvmsp@m b?sthmwrcamlethﬁ)ZvamunﬂDm 306t antd anrof inldh806af er
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boundary. In this enbodi nent,
the source inlet 306. Although the ports 342a, 342b, and 342¢ correspond with the source
inlet 302, the source outlet 304, and the source inlet 306 in this exemplary embodiment, it
should be appreciated that the ports 342a, 342b, and 342c¢ may supply or remove fluid
20 from any suitable source inlet or source outlet depending on the configuration desired.
Because of the configuration of the source inlets 302 and 306 with the source outlets 304,
the meniscus 116 may be formed by the process window between the proximity head 106-
I and the wafer 108. The shape of the meniscus 116 may correspond with the shape of the
process window and therefore the size and shape of the meniscus 116 may be varied

25  depending on the configuration and dimensions of the regions of source inlets 302 and 306

and regions of the source outlets 304.

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

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



25 rotation is zero and the DDWflow rate is 500 mM/mn. Fig
illustrates the proximty head 106 as described in Figure 15%?‘31?}%%”5%\007
i nput in accordance with one enbodi nent of the present invention. In this
enbodi mrent, the DIWflow rate is 500 mM/mn and the IPAflowrate is 12
mM/mn with the rotation of the wafer being zero. As shown by Figure 15B,
the usage of | PA flow has nmade the 15-February 2007 -44 boundary of the
meni scus nore even. Therefore, the fluid nmeniscus is nore stable and
controllable. Figure 15C shows the proximty head 106 as_ described in
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is rotated faster, the fluid neniscus has a nore uneven boundary as

conpar ediigtaimandimanage theinesaisdilécussed in reference to Figure 15D due to
t he added waf er dynam cs as conpared. Figure 15F shows the proxinity head
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15 IPA, the magnitude of the vacuum, and rotation/movement of the wafer being processed
may be varied in any suitable manner to provide optimal fluid meniscus controllability and
management to generate enhanced wafer processing. The proximity head 106, in one
exemplary embodiment, is utilized in a configuration as described in reference to Figure
2A. As shown in reference to Figures 15A through 15F, the wafer is a clear material so

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

25  rotation is zero and the DIW flow rate 15 500 ml/min.

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



waf er rotation, and vacuum magni tude are the sane as that de i i
reference to Figure 15D. In this enbodi nent, the |PA fIOM/r§§E&§§@r§EOO7
increased to 24 SCFH. Wth the IPA flow rate increased, the | PA holds the
fluid neniscus along the border to generate a highly controll able and
manageabl e fluid nmeni scus. Therefore, even with wafer rotation, 30 the
fluid nmeniscus | ooks stable with a con$tstent border that substantially
corresponds to 15 February 2007 -45 the region with the plurality of
source inlets 302 and the region with the plurality of source utl ets 304.
Ther ef or bourglasy ahthe neardschit goirg eveanliherafens) 51,6 fhadh ayaEbrels TRAKE Sﬁ?&ﬁ"e rabl e
fluid neniﬁgggmis formed inside of the process wi ndow so, in an exenplary
drying pF@% DC£1uid that the proximty head 106 rmay encounter on a wafer
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sui tabl e “brush core configuration such as, for exanple, those known to

those skiiferid tieing fotated faste? Samtiee aftaticn shwivenin Figutsr ifdhincaicerdose Fotangs,

the br use?nboorglilglggt obfr the Ere%gr(tem\ssc(f)lf‘lolrlr.a %ntggis embodiment, the rotation of the waferis 15
rotations per minute. The flow rate of the DIW is 500 m}/min while the flow rate of the
IPA is 12 SCFH. The magnitude of the vacuum is about 30 in HG@ 80 PSIG. When the

20  wafer is rotated faster, the fluid meniscus has a more uneven boundary as compared to the

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

compared.

Figure 1SF shows the proximity head 106 where the IPA flow has been increased
as compared to the IPA flow of Figure 15D in accordance with one embodiment of the
25  present invention. In this embodiment, the variables such as the DIW flow rate, rate of
wafer rotation, and vacuum magnitude are the same as that described in reference to
Figure 15D. In this embodiment, the IPA flow rate was increased to 24 SCFH. With the
IPA flow rate increased, the IPA holds the fluid meniscus along the border to generate a
highly controllable and manageable fluid meniscus. Therefore, even with wafer rotation,

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



applied to the wafer 1 02 to clean the surface of the wafer ﬁfﬁﬁq{ruﬂﬁtf@?
processi ng such as, for exanple, etching, planarization, etc. 1n one
enbodi ment, after the wafer 102 is cleaned by the brush, the wafer 102 does
not have to be taken out of the cleaning/drying 602 (also known as a

cl eaning/drying 30 nodule) for drying. Therefore, after wafer cleaning, the
waf er 102 may be dried as 15 February -2007 -46 di scussed above in
reference to Figures 2A through 15C above. In this fashion, tine may be
saved by having two wafer process gperation in one nodul e and_chapces for

cont ani ndk§ BaIoREh by pheglied sauree instswdland tipreginas it thaRlpelitn oK en
t di ff i Fi 1 [ [ i
o fhe coBiG0 s TR A S SNE BN Bk et R R ARNE, Al AahEMRBM S Vi Y

present iffwemiehigeus id kenedeaniaef theprosS WM s taByerislasy diythyl @bsdss,
(e.g., cluster tool) in a variety of wafer processing systenms as discussed
bel ow i nfluis bekihe sradmity ead 1 AG mal cugorar onBy WALy Sigadsds FeraovaddhericRy syst em

and dryi ng, syst incone. ule,. s e may be saved and the wafer

pr oc25ssi 1(jmgl s%‘ér%%ﬁ%e’ﬂgﬂ/&g@%ﬂgﬁ@’ag%‘a{a% ©and more conpact while retaining
substantially_t he functionality. Figure. 17 illu ates a waf er
processi ng sySt&Hs g(g‘ggb\ﬁ"f’ﬁa faroYiewed QI?%%‘;MWF‘VH‘ mpgeprdents Vithg

nodul e 7 ' j : ' Fpyention. The
rying mo a5 RREAEE Pl e SRUIEHRIN b ok 5o SRy o . 571

100- 4, le@badinend dye diyitetyseny B0 @ng., tlbetispsystdmshansl d1¢e2 a0 2citft4d

that any sujtable nunber .of drying mydul es 704 such as, for, egaqﬂj‘e 1, 2,
3, 4, 5,aml 10P-Sxdeseribefidiereip avithfig 3By of Hirambestiments o gha prostmigh head L

assepl y - .08 ; B0t oty VY Ng
Ie_vgllﬁs) o?‘%gg?ée&r)mgﬁ cggggrfghgg\ggﬁﬁﬁ Fﬁyg%sﬁﬁitzggh%%%%t?éqggwgndér stood t hat
any ot heproteseig tedhnoklvigiss tp ponasieiangntegadiad sm@enbsudhasnfeteadmipde, thveef r ont end
frame 20 assenpl Lyﬁ,705 such as, far exanple, a planarizatjon tool/mdul e,

l@l‘

et chi ng qesenvasordiigire 1eAdarusl 200519 o dupes cbediment ShecleAbBgRRE M8 he
Fobot 713 Chcy sy B BffoAEe HERUAT0R 19 BBy PERER mApepieg Paros @

nodul es Ré&éarchloé Freofmit, CdlXory. al so be configured to feed and renobve wafers
into and 25 out of the front end | oaders 710. It should be understood that

any jsui t abl e AWHRRMbAAHNeEnt, the cleaning/drying system 602 is the cleaning and drying

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

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

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

for example, etching, planarization, etc.

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 as a cleaning/drying

30  module) for drying. Therefore, after wafer cleaning, the wafer 102 may be dried as



types of robots 712 may be utilized as well as any suitable ﬁuﬂ}g
types of front end |oaders 710. In one enbodi nent, the front en [l‘fl@gg%ﬂﬂs

710 may receive a cartridge full of wafers which require processing by the
waf er processing system 700. Figure 18 shows a wafer processing system 800
whi ch has multiple wafer 30 processing tools in accordance with one

enbodi ment of the present invention. I'{one 15 February 2007 -47

enbodi nent, the wafer processing system 800 includes an etching nodule 722,
the drying nodule 704, the front end | oader, 710, and the rgbot.?lZ | ocat ed

on a frafiscussdabrye inzeferenvnio bighes 29 Beesll G Bavpefn Tod81o% IHEMY vaf er
process'Bgff%ﬁﬁgnggg%t§?XN%§%§%§%%ﬁg%Hh%ﬂ9£8n9HﬂB§%aﬁﬁ%h%&*m%yftable types

of nodul es I negasoni ¢ processi ng nodul es,

cl eani ng comaimiRsion archedhicdd Hrgasedhie @afer TR deéond@ have talpprukan tsa diffdrerds, f or
exanmpl e, the wafer processing system 800 with different substrate/wafer

processi mpduisdgr elsamag, in one enmbodi nent, be called a cluster
architecture system In one enbodi nent, a drying system as described herein
may e an i nFegural 68l sbiows agalsyrastéva wherpfitng dgrrong/dryiig systnéP2 odul es to

formthe cluster 10 architecture system | n an alternative, egnbodi nent, the
waf er pr 8EEEREWEong fIeg e} of ﬁ%?/%reﬁ%1%‘?¢8H?’hg&ﬁ%glﬁf‘%m$/§§¥mgﬁ§sqﬁpyi ng

modul e 7 éogﬁéttk gméi tér tobl} iR9&/ '9@?%@& cdsbRgWQb@msRE Ocessi ng
system 700 rrxrlgg%ie%gl?u e E@ e o?gthg gtlchi 5‘8 dul esrﬂrgZZ, g\r/ﬁ 6 of the

dryi ng niidelses] Fddw ibhefarenud to FikerendT thiouph dt.eBgihagingdoth 8 cldahing systym be
known as c]uster processing. |t should also be a p%reci ted that any or all

of the d¥fiheVing SYSEE-ELIPAROIHS SHaCT BRY A8 &1 WidH L3° WBtREPLOCSHPAPATTY t he
cl eqny ”%ﬁ%%lﬁm Prgagﬁlé&tagé? a@%%n?% cgﬂg}a%t %ﬁ@?ét?iﬂi bStaNidlf, FR¥%akR acconpl i shed

in the sa Lgure Ws a warer processing system 800" w thout
t he et chiungtioraditth.e 722 in accordance with one enbodi ment of the present

invention. In one enbodi ment, the wafer processing system 800 has the

frame 720 congighi IOilRsRAtes @hiatef PRbcdsBiag@yytbmT oDl foniénd frafic Biembdy er
processi ng system 800" may contain any sultable nunber of drying nodul es

704. | n BlevidmbdiingmoduldW4iafaseoidenecyith age sybrdimad of theRictdls 8 of the

drying .nodul es.704. .The e LS S bei l,.oadedniint gnbhenyvaf er
pr ocessiAgTEYEt é&ﬁe ngflﬁ%@fg’uegzo%%éy@% ?H%%eosﬁkgg]ﬁc}%l%bgg%rl’ai%?’ ?’%%\@’r obot
712 158y foake 1005, wad ey EWiemid Weidnk Gi¥reofe NtsHoQRORY appiéLiated thaaaly tshicablaf er
102 into any one of the gl@urallty of gsrm%mdul es 704. 25 In th
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embodi nemmber hédeinghinadules 04 suctpss, & V& Bndr dierlefic® b o gavdels

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

cleaning tool/module, etc.

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

wafers which require processing by the wafer processing system 700.

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

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



been renoved to generate space to add nore drying nodul es 7 bkd=-on,
the drying nodules 704 may include the cl eaning and dryingogag#gﬁgggzﬁwp
described in further detail in reference to Figure 16A. In this way both
drying and cl eaning may be acconplished wthin one nodule. 15 February
2007 -48 Figure 20 illustrates a wafer processing system 800" which
includes a drying nodule 704 and a cldgani ng nodul e 850 in accordance with
one enbodi nent of the present invention. In one enbodi ment, the wafer
processi ng system 800" can include a separate cleaning nodul e such as, for
exanpl e enibadinsde ath Referqututeasi@ Bystérh 860 onrldddsemagigring irwdule B2 Hgtdrwing

sui tabl e nunmber and/or types of cleanjng.a tuses / be utili wi t hin
Do “vaperiu G o fiontsaotiendsd. sndhnrobal 8P RS e e aiephf P2,

scr ubbi nits ' I ' ' enikpHiveRnly, the
cl eani ng%ﬁoaad%rea r@%ﬁgﬁg;ﬁﬁgﬁl ?ﬁbasﬁghﬂlg'&% \fér’ﬁgoﬁf%ﬁsaﬁ Sgggﬂl@y be any sgi tabl e
type of sharsdniayet Hdtanganitahlé egics veémpdalesaonls vadheass CMR maslyldgnown to t hose

skilled in the art. 10 In yet another enbodi ma&}ﬁ thed‘:ﬁgf ei %r,%cessi ng
syst &m SE@asaney PIEISINE BPAAES. HFanmEdnediles @nd flenmedny 2SR B lul e. 1n

anoL et SERRULTEDL o HSATRARE G 6oL BTN GATIS BldEr s o

processf eani n asoni c processing device nay

be util kzngawafcrBaARGMEMBAGNE tayLBbREmYalimentabpbaled tdseter descri bed in
U.S. Patent Application . 10/ 259,023 entitled " I\/EGAEO\I C SUBSTEATE 15
PROCESShGi theDDtdL s¥stenTT Ha ek oneindifn pesne AR B5en ppreCHPEG AN HAY Bhgh

incorporated hy .reference. Therefore. ' viald QNsHd Rgsr of nodul es
or vvafeintfﬁrﬁt(‘?géiﬁqﬂé SR TN lpﬁatgreart%déﬁwé(%eg?ﬁ{%h?eesrtgg?g%ess(iMng rsystems may

be penerahad.difatsRay antdhaieanadt kinbydingent Uhe Wafedroudssing| systemf #)0 may
processing nmethods. Figure 21 shows a bl ock diagramof a &@fgeﬁqgr ocessi ng
syst em 9@ the ewhingr wasele 7220thgidrying modsit tiift, BBAE © pesert “FMhvent i on.

| i nent, th tem 900, | : i
chent caPPRSCHIRICLF STt RSP E Srrriey TSl Fee B uRGURM M, |
906, angrAnn@leCdithY dBNSE BIBIARS 7okt Wigendaphipild wafer pyciessing dheursytbisemay 900

al so includes a robotics 912 that can transport substrates io @{g f.rom each
of the bsystvemss Slogter pAessins, It 9b@ild alvg by pppreprdedihgt auy epali f 880 may

L #9elSl 12,%8 S YA RASE B3RS PR Jeobl A i e f oo
906, 908sthaNhndkland! dry@ipabhdbéh&oniptishapinate aed module.

Figure 19 shows a wafer processing system 800" without the etching module 722 in
accordance with one embodiment of the present invention. In one embodiment, the wafer
processing system 800 has the frame 720 containing a plurality of the drying modules 704.

20  The wafer processing system 800' may contain any suitable number of drying modules
704. In one embodiment, the wafer processing system 800" includes 8 of the drying
modules 704. The wafer 102 is shown being loaded into the wafer processing system 800
through use of the front end loader 710. The robot 712 may take the wafer from the front
end loader 710 and load the wafer 102 into any one of the plurality of drying modules 704.

25 In this embodiment, the etching module 722 shown above in reference to Figure 18 has
been removed to generate space to add more drying modules 704. In addition, the drying
modules 704 may include the cleaning and drying system 602 described in further detail in
reference to Figure 16A. In this way both drying and cleaning may be accomplished

within one module.



that the system 900 can include any suitable nunber of any
902, 904, 906, 908, and 910 as well as other types of mafe?ﬂ%ﬁgﬁggéf%&ﬂﬁ
systens known to those skilled in the art. Therefore, the system 900 has
great flexibility in wafer processing abilities 30 depending on the desires
of a manufacturer or user. 15 February 2007 -49 The cl eaning system 902
may be any suitable cleaning system suéh as, for exanple, brush box(es),
spin, rinse, and dry (SRD) apparatus(es), etc. Any suitable type of brush
box or SRD apparatuses may be utilized in the system 900. The CWP system
904 may be diguedltidbstetespeafet pvBssappaystenu80¢uehichénalwdss@ dyingi zi ng, for

| e, t abl e, I |ts, tc. Th [
e dbs o Apbin s Florus il SiseS R S praseLE ST AE ® o
descri bg énﬁg%.u% ggée 68 @hlent d ShEF ﬁﬂ%ss‘iﬁg Hjstitth 80@Can id18de4 sdPange Syst em

908 may be of substrate etching devi'ce such as, for exanple, one
t hat i neldadig Modulbeich dxaforeanmple; tiercleanived moduler8Sghit shohbber anpedeiated
process the wafer in any nunber of process nodul es where..et chi an take
pl ace. AhaiappsuitaimnyyBereand/osiypes of slsAnBEAPPYaBses, Py s & ha?‘g‘ﬁbtﬁ&}i ‘f‘ﬁ t He

oL O NG XS SO0 TEm K0! %qcﬁgh;ﬁ BHsH HOxTBY v Bfer BRkAENLBEhSHTLEM

describ ein utiliZe an t he erent enbodi neEnts of the
pr oxi nm tyegheatc dRGniag deese rdihiekh alanthddiment dreariemingpmofiulg®sesnaybe tir ough
14C. Therefore, the drying system ma}%/ be the systﬁm 1‘832 10%— 1, 1q0-2,
100- 3, voshboyr Theprugboxmay hereosulabiciye of Blush hax Al canfBeGVTh fbcess

Fnhghlli \f\g/?a}.?er%F%anasgﬂnjgwtog%%?s?hped%rg}‘?ee&tways and dry the wafer 102 in a

cost ective nmanner by usage of the drying system

910 of th t | i gqn. f the dryi ]
of Mhter or oduoes e epeodientae & rspe ki bRoRY B lRé f sing 0EE
“show ex ﬁ[Hah%f %soemﬂg laTREE S oM S Rlude. VR ot @inboGiméit] @B hegaveni¢ modlley may

be processe y at least one proximty head where by either 20 novenent of
t he waf grayanddwrt otter éyrentof pfocetrengbesideasicaping. phox biitabie WegaFonChe waf er

surface may be processed vertically fromtop.t,o bhgtto |t
appr eci Hfoéﬁssﬂ%&v\h‘/éﬁ‘@?y gﬁPB@é‘f‘s‘gﬁ‘Sﬁg‘%S%aSaBgcc‘PB%‘é}a SH(Céi} %Ei’ n%rn%(f}m %Eeg%(%g
cl eani ngqq ALY HQUfg. IR QppBERion T8 MR239,024 entRIACRISEA®NE SUberraater can

enhance control of the nmeniscus and reduce random fluid novenent on the
waf B dBroOoEsswet Bonpiste$he afprerGonmagd patdny apilication islerghy mcemprated &Y 25

i by t imty. head | Kk i ;
P ocos sTangreathe nesblord by raYindsRao it poln RO of Sy e P8 be
acconpl j,3HechdeRtc@Nwafd: ipfb@BdinBYM@hs may be generated that have the capability to

utilized multiple wafer processing methods.

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

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

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

30  depending on the desires of a manufacturer or user.



It should be appreciated that the proximty head/ manifold Py 2007
suitable configuration or size as long as the proximty heaé%nanl ol d
structure is consistent with the nethods and apparatus described herein.
In a preferabl e enbodi nent, to achieve 30 process uniformty, resident tine
of the meniscus on the wafer surface is uniform 15 February 2007 -50

t hroughout the wafer. Therefore, scannthg direction and speed nay be
controlled so the neniscus area is scanned evenly over the wafer. Figure
22A illustrates a proximty head 106a begi nning a wafer processing

oper ati on whef&e ﬂ%mm'ﬁ}éawm@w|n$ayslt%we;wtel@lmcie@amlg;sﬁtﬁlna§@éb%afﬁ%e with one

enbodi ne ent |nvent| one 108 is
orient ed&%alnpée \Pé? é(kes el 'se A to SpIhB aitgggg é\/agﬁm\e,ﬁ;’]c

pr esent egk irosh BEENBRD ahPataRBeP@ lbmuhnz&ﬁﬁlothe Hoan 900, sms cMp s?sfterﬁrﬁoat ion,
the surface of the wafer bei lr\l/&‘processed is substantially parallel to a

pr ocessimgy # AelowiBBR type pheMdt aptandtoysuchad tll@@altﬂmmgsm@mmbl@ apeci at ed
t hat .t he waf er

oot Sourattsihot Sl Tt BBy Bemy Py BR 46 of GRERGL et if Bfprenge

di scussegd thé‘mfegﬁsbﬁi%rprggésé‘inlg deRick @b ﬁé&ﬁ%@d ierrEieQHétQﬂ %&fex‘éﬁ& M iglire OB 1 S
held into place and the proximty head is noved froma top to bottom

scanni nglrottitong sysitean 808 maypbepoyttypnollodstrat etclhmg/@ﬁfeqe suol a,Joseeanrde,

bef t 08d of, t.h h m t
et or © 1 et BT BS A oB0: b ket B vl trrojikiy lol Tk thugeean e e
posi ti on,ghy hﬂﬁb%fﬁfmé&@nﬁ&uﬁks%e&@éﬁﬁﬁig&ﬁt lk(cea)%%e idhe/sefOEm be in

any swtable angle as long as the top portion of the wafér 108 is
| oc&@ed dpntaghadiylaﬂmdgeﬂm@rgg-‘anhﬁletdtdnngh}ast@nw&m portl on 108d of the wafer
108. In a preferable enbodinent, the wafer 108 is positioned to be vertical

al ong the y-Eheidyinghesteinod e, mhﬁb&hmhd@mﬁﬁ@&m dewtibed herepr thxi wilize dngad
106a may nove vertically in a downward fashion and grocess t he. waf er

sur f ace Of thadiffgrent embedinesmts olghe proximitydcad ABS as ﬁﬁ‘e’%ﬁ{l o4 FROVSTBRPIHFYS Head
106a may; B m‘?{@b@ﬁ '19¢ar'l5ﬁei3‘é}9ret g4 E%&st%&ﬁn s%%fﬁ da? 180/ 1RNNer

such that surface 1's ptocesse n a v |caI 1 dn whére the

top portiposz, 1086, 060-t e anahefiark @Berkst. STimnerett, lﬂﬁa‘sylsentmmymepmﬂw on
108d of the wafer 108. It should be acpggvem ated that any.sujtable device or
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Figures 22A through 25B show exemplary embodiments where a wafer that is

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

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

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

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



anot her enbodi nent, the proximty head 106a nmay be directly f’éfé\ﬁjﬁﬁijwo‘ﬁ
mechani cal device or apparatus that can facilitate novenent of the
proximty head 106a close to the surface of the wafer 108 and to nove the
proximty head 106 fromthe top portion 108c of 30 the wafer 108 to the
bottom portion 108d of the wafer 108. 15 February 2007 -51 It should al so
be appreciated that a proximty head 186b (not visible in Figure 22A but
shown as an exenpl ary enbodi ment in Figure 22F and 22G nay be used al ong
with the proximty head 106a to process both wafer surfaces on the two

si des of thrdghoaf e wild. THirefoed, scamingdirgtion ianil syeddanasba omralled sedbd nay
be utilized, where one of the proxi n‘it¥ 5 heads may process one side of the
waf er 10@eBisers der SsREmeg cyaovy HeXd Say process the other side of the
waf er 108. The proximty heads 106a and 106b may be any suitable proximty
head descr i beHiguey 214 illistrates predxipab head 16w beginring BWATET BROCHISIAE heads 106a

d 106b .b [ d h h ' | :
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15 any I stance away fromthe wafer 108 as |ong as a stable
cont r ol | thbi the neuférsifiBsmayrag hifd it place dr movehdepsandingcen teicagligweties §&8e | n one

nbodi ment, the proxinjt ds 106a and 106hb 1. t 3
ey VHHPIRESTELPBIET v SRR SR P Poebosaaeh 4R aT e
embodi Myl 130\ REOKAIB: 198 RORYE inkd Pucaidla MRS oRficARGuL is noved! Romaliopt. 2

nun away omthe respective surfaces being processed, and in ag{géeferabl e
20 enbodirberbm tchenipg oxdtitnt whieadep pO6zormHiBclaBhe wagerd9S s saangedRelahad f r om

the respective surfaces bein cessed. As.the proximt 106a and
106b rm\)‘é’ttoﬁbﬂ\?mﬁf‘dzogaI‘?zﬂ}?e‘ﬁ’i‘tgf:g@?nﬁﬂfu(? ﬁf‘gg‘[bopﬂléglg’ SﬁN af ge of the wafer
108 and BB Sl %ntf%l?%x"éic\ﬁpéﬂi&tﬁtﬁm%d%ﬁt&ﬁt@fﬂ%%f@nmmnhace of
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wafer 108. In a preferable embodiment, the wafer 108 is positioned to be vertical along

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

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

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

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

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



waf er instead of noving the nmeniscus onto the wafer 108 fron1§pgﬁlr%aw§06pp
portion 108a. Figure 22B illustrates a wafer processing continul ng om
Figure 22A where the proximty head 106a has started scanning the wafer
108 in accordance with one 30 enbodi ment of the present invention. In one
enbodi nent, the top surface of the wafer 15 February 2007 -52 108 is
positioned in a substantially verticalsbrientation so the top surface of
the wafer 108 is visible when view along a horizontal axis. As the

proximty head 106a cones into close proximty of the wafer 108, the
meni scus 116 isshpgldwier beenpsesiatedh thap p peedmitihsadhIEn@ot gisthlpan Bigyis midy

head 106 nd the wafer surface,bei r oC d. on i . t he
or oxi m ¢ 9 h s el EmeBiy P UlRED PR A8 RIS IR wick
enbodi me e, prbﬂ%ligpﬁéﬁﬂqfﬁ)ﬁam PidevisDath watebhifgRebh theon siabsofhd wilstdges t he
meni scus 116 so drying takes place as the meniscus 116 noves froma top

portion Tb&wcfat, thiproyamiy head 106aahé 106k membeptilizedrviogane ol thePIQEmMaY 108.

Th the drying t ak | ace, .the dried t] f
wnt e 3080 ot oParle o A i B 0% S EEE oule Breuindd hieR® ey Wads U,
10 of thgmpralS 6PthelwarBeR®, I BRDrbRintiH hdEE 1064 ald 1GBAYEY bBYnPEARGESI Ng the

wafer 108 in a vertical orientation fromtop to bottom™ the neniscus 116
may be opioiximity feasofescmbdddbraiy. [ aprdfogblerantimiinvest, tiee prayimiy hhedsnéi¥ascus

ar avi 1y O aenbe i eket Bt s FonsSgukari s s HOReT of 1 anane
mnageab@gxd%%io?%@wd ProRfflit) hQRs nby then 8€BARIBYirl HBsPHdXiHIty Yo &Ad 106 in

ht
a downward manner fromthe t'op portion 108c of the vertically oriented
waf et 108hert He snelgiroembbditteat, whd spacd b8wdenthdpocedsimgadindowsrvanld bellavgy be

kept dried in an opti nal nner. This y, occur cayse the fluids or

noi st ur eequglE AR2S iRete $egFo e ?‘F‘F&"ﬁ%?fr%rthi@’_ﬁ'fq{c}ggygtuhe B8 *woul d not
move up Agakdstis frmelibinlennt 16 pRIEEAlY willdRe, IRYreity2Rodks QU6£akPC
shows a continuation of a wafer processing operation fromFigure 22B in
accor dand®bwhaybomevetosh fen amfvetthewafad@8t Ii sheeht bompreciateld ghatého2C, t he

Phe. waf dNo T3 Ae3at MBI LA POY L HHPIEOHE L N RS DT T RS e108d of
t he jyaf qély%gﬁablg HBtRe 2 iﬁlr?lrrpﬁ’{ervaéfglslédqfs R BE a REBEESHRII2BRANIEQR

continued”fromFigure 22C | 25 accordance Wi th one enbodi nent of the
present rhawlenformad ohnhd&sutace b2RP, prodresqt. dximieteynbodndnt] 08prhgisnity hasds

Fini shed cani Bgh L0Suoal 61 rsa'td 268t 4 And 0 s B0t M e e Qi B Preing
processed. In another embodiment, the proximity heads 106a and 106b are about 1 mm to
about 2 mm away from the respective surfaces being processed, and in a preferable

20 embodiment, the proximity heads 106a and 106b are about 1.5 mm away from the
respective surfaces being processed. As the proximity head 106a and 106b move
downward, the meniscus may contact the a top edge of the wafer 108 and one processing
window would form .a meniscus with one surface of the wafer 108 and the other

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

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

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

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

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



the proximty head 106a and 106b are processing the respecti I he
wafer 108, as portions of the neniscus 116 on each side fin#gﬁagggg%ggqag
and are no longer in contact wth the wafer 108, the neni scuses on both
sides of the wafer come into contact and 30 becone one neniscus. 15
February 2007 -53 Figure 22E shows the wafer processing operation
continued fromFigure 22D in accordan®¥ with one enbodi nrent of the present
invention. As shown in Figure 22E, the proximty head 106a (and 106b if a
dual proximty head device is being utilized), has finished roce Lng the
waf er 10H)8 i§ posigigned Rpasubstantially ‘éﬁrﬁéal\ﬂf@waéipntsﬁ@edPBﬁPﬁfii‘fe}Pfﬁﬁgﬁ'é 1488 and
106b si t.uat over .the . top.,portion of the vertical it 108
in accorddmieiH dny aboﬁ‘ﬁc?ﬁ)r%ﬂ?ta (o] Al f‘%‘g%}ber Igoédn ﬁY h%(/aed ntion bﬂ{%ﬁﬁgﬁ?&&
enbodi My irhifeoPheXidTert pshaRAfen Q0B 1209 ARfRd Matvech Aidpiobessiwinicw 3$8116 as
descri bed above. The proximty heads 106a and 106b nmay be noved

subst antéfahe proamity head Hoseadrtbe wefqysudeesbabgpingsssed aln eresanbasibgenty

furt tail. .1Q i f t o Fi 22G., Fi 29G |
i die et SHE arom et 16t & RREGutS e e il oBult RGBT ddiRkhe ke 8
surface r8$e|:s§ REndAl 888 FRBIHERBECHISRNGRI Whikdked IR BElSdisMEBtso@lryihl eakepr esent

i nvention. I n one enbodi nent, "as the proximty heads 106a and 106b nobve
downwar chificecam thbmenistie] WafereslB@n aAsp phdiareHiSsofshe wafer dAB & ths boHemaf er

108, the 15 proxjmty head 106a faorns a. nmeni.scus 116a w t.h r 108
and t he ROFst H?%‘i/gh dea?? 1‘6@? ot ppiic JEYiBE PISES Ak ?}ﬁ%e’\%g %ifgdeio&
Ther ef org,y; 68 106 DEPCEAREalPRY in PIoPAE BiOMAiRIcHEn OThé Rencr@icar 108
and the pg)rﬂtl)é[?ﬁlfﬁ%%ead 106§ ms?y pr?)l%gslsn tk?g other side of the wafer. As

di saussed tlxbmenriscud is sleoulbed e furtide dstadatlovdhiat t he proximity heads 106a and

106b may be noved downward, or the wafer 108 may be noved upward, or the 20

proxi mty heagspiReaiante 128k 108)in ke, cmisst dridamtivmdmmopl te bottemwtifeer 108 i s
moved upward. Consequentl|y, the scanning of the wafer 108 %t ake pl ace
usi ng armyersmusdﬁﬁénayﬁm@ﬁwliya@m@ﬂ@d ¥ limeng thedorqes goiRaoR EIBEEHY 106D
are noved i oW N Lat.l SeedBYe USiNg this
rel ati nggb%\?\%c?ha ‘s(é(,:%ﬁ%iorlfl{gg%r%gltglg ’oéﬁig'%? ﬁ%até@ﬁér%g&ggﬁ/%%wﬁ agg f?(_)m the top
port i on xd@fRme for etheafcaeraios of @ chieolnat dndnmpnigeittin m&iscbe8n afditidre bwaf er

108. Although Figures 22A to 22G shows the proxjm tk\{ head 101??0&03%?@ from
of f 1§ he scanning the proximity head 106 in a downward manner from the top poriio

vertically oriented wafer 108, the region of the wafer 108 that has already been dried may

be kept dried in an optimal manner. This may occur because the fluids or moisture in the

wet regions of the wafer 108 not yet processed would not move up against gravity into the

already dried regions.

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

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

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

30  become one meniscus.



edge of the wafer 108 across the dianeter to | eave the edge
108, other enbodinents nay be utilized where the proximty ﬁéeg%ﬂ%giw
hovers over the wafer 108 near a top edge of the wafer 108 and noves
toward the surface of the wafer 108. Once in 30 close proximty to the

waf er surface, the neniscus is formed and the neniscus is scanned 15
February 2007 -54 down along a di anetsar- of the wafer 108. In yet another
enbodi ment, the proximty head nay process only a portion of the wafer
surface. Figure 23A shows a wafer processing systemwhere the wafer is held
stationary i rFigae@dihoes thd &hfeo peocestiglopeatiomdontineed fregeliguiaddhii on. I n
one enbodi nent, the wafer .5 108 is held . ngﬁl ace, by hol.der.s %(}9 {hte shoul d
be appr @ésradaeca itk ophemhedimepsoldhe PResyIIRVEHIPIs b I“@lfl%%mof Fel¥ce or

t : I Ji | | 161 ili j f th
it or I PR B8 R B A e e o™ ee orip,

fingers fidisHedgrlecssihg @ahwet 508.etc. In this enbodinent, the proximty head
106 may be held and noved by proximty head carrier 602. It should be

appr gci at ed tﬂ‘sgaretﬂ;@ LOWRLQI Wb JFEadmeRIicEhedle 2 00mYnd LOGYitEtid @lek e t ype
of apparatus of device that can nove ‘the proximty head 106 from above the
waf er 108 aphstamof the vertaallyrpositipesadwas 10% imaccaesignempdh s R EY
keeping the proximty head 106 i.n cl ose .proxim.ty, tq.t face. In
one _errb@é&h?eﬂte,sentt HeYeBHeki th e}‘i‘éb[ﬁfiﬁ%’g’tltr’ f}ger?r%’?u% ea@%lgig?ngﬁ%;%?%&? e _
proxi m gé{q@%%‘éﬁi%é <81 623 SR ERIb%d 3Bo P OYHe FiodithRy BéadX0ERLnd a6 hag beaf er s
oriente vertically and the proximty head carrier is configured to nove
from t opndvedabitantially tagetherdomoavardtm pecessthg waserzg Bestiting 18 fygies detall

processi.ng systemwhere the proximty head carrier 602° may be held in
pl at@ or‘nﬁ‘ifG’@Hc?W%&‘&%ﬂgce wi th one enbodi nent of the present invention.

I n one enbodi ment, the wafer 108 may be hel d hy edge i 04 _and noved
20 upward. ByFigwie2Gpilasaatapt iga viehat W&f%?’“fﬂé/ 1}?&35 g,ﬂéas%ﬁﬁf]%@ (ilipr{éhe
proximty head 1 i.n r.el-at | Bl bRliRefXMthé Y head
106 staP%{%ceg%g%H?ﬁ%aiter Sr Fgééewg%gq?ﬁgﬁa%fog(?ﬁ%%ll n tehe topl) portion and
noves dwReaf idvedifor0Na caskatbdemint, dshe ppodmityiieydshkid apdrilitdorme02' may be

Dol ng. mevBIGHERD MV EhSTARRING '8 CRRIATCW o F D ReRREn b, BE° "
o Wb S B T S e e peen,
may be 106b forms a meniscus 116b with the wafer 108. Therefore, the proximity head 106a may
process one side of the wafer 108 and the proximity head 106b may process the other side
of the wafer. As discussed above, it should be understood that the proximity heads 106a
and 106b may be moved downward, or the wafer 108 may be moved upward, or the
20  proximity heads 106a and 106b may be moved downward while the wafer 108 is moved
upward. Consequently, the scanning of the wafer 108 may take place using any suitable
movement as long as the proximity heads 106a and 106b are moved in a downward

movement relative to the wafer 108. By using this relative downward scanning motion,

the drying may take place from the top portion 108a of the wafer 108 to the bottom portion
25  108b of the wafer 108.

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

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



acconplished in one of many different variations of wafer hoiﬁﬁ%bﬂﬁﬂ%@@@?
and proximty head carrier notions. In a preferable enbodi nent as shown in
the bottom portion of Figure 23B, after the 30 proximty head 106 has
scanned over a majority of the wafer 108 and reaches the edge 15 February
2007 -55 gripper 604, the holders 600, such as described in reference to
Figure 23A, may grip the wafer 108 atd-nove it upward to conplete the
waf er processing. Once the holders 600 grab onto the wafer 108, the edge
gripper 604 may release the wafer 108. Then another wafer may be ngved

i Nt o posiowrodod©s disafensr oftlecesfi 108 opeyariathsr tybadivept Hia pRREiREA®I 5 106.
Fi gure 23C shows a wafer, prqocessing systemwhere the proximty head extends
about aIn@wmngﬁﬁﬁan%P%ﬁPéPfﬁﬁg”ﬂgr Fdance with one enmbodi nent of the
present invention. In one enbodinent, the wafer processi system nay
utilize a prdxigmietd Ahsmevs a walfler processibivatest WHESdUe VAT & ﬂ%ﬂiséi‘ﬁgm?ﬁ%t may

cover at |east a radius of .the er._108.. tihi i t
proxi ni tAFCedaRFe ﬂ%eye@g%q*mz?n E‘F PLRY Iﬁtalgégl}drogl mﬂ; Oﬁ%gﬁggﬁnﬁ%ﬁ’ thi?)%?rt 0 a

bot t gm gg)rstié & 3&9@%?5 hhReRedR) 1L0Ruld Be apmbiatedenhailk huelrers G0RongF exi i ty
heads 1 may ge ti |§ed where one sem -circle of theaﬁfer syrface is
pr ocessegybyitametypelof tirdcppoxiparatys thahean idé thenwpler 1 Haw #e egq'iﬂﬁt_ ircle of

the wafer surface is _processed. by the, other, of i, m 106. 15
i gur'c. 20BmMbRLIS NHFeR Brosese mgegysr Bt f Rl -‘%”yeﬁﬁi‘ggp 106
moves | Gt f&E. id GhB6EMeht) URcHOkhRineBeat 106 magbe

enbodi rre\fﬁ{g%%)sﬁ%tﬂkéd reggl%?eﬂ?’nesgntﬁ?%é. In ont‘a3 enbo}gl?men!tﬂ%‘:a thg@p{goxi mty head

106 novegld amdhevédishi-proxasitgbsad ¢hvdr 694 It sharld ke appiscipieg 8C while, at
the same time, the wafer 108 is rotat in difecti . j kel lers
10240 10peyimatichesd oRrisl Obi ey Eat s P &FPSnOéIé‘P_ﬁ%‘:{a S é%‘é‘ﬁ%%# e ure.
24A shoys. 3 REOX) kA (6eR6 LBy thhRhicrBYs bRt stiahthepdximity head 1@tein a

scanni ng of "a"wafter in accordance with one enbodi nent of the (Preser}I

i nvent i Gewnkwardpannanioit kesping thh@rerioiiytices 1A6 dxcloappmximity (o gL | ong

as the dianeter of the wafer 108 .so the . proximn . - n produce a
meni scusutfie 18986 FpRedacnis the pryimityfieadsprd}er %g% ﬁ%g)%\?s\é ggr él tE:%@anot her

embodi n%?(%ximiilﬁ/}egﬁ QX1 L RBRHaslGRwa FigutdlW cRbpudhit e Wher Rboreméds cus

produced By roximty hedd 106-5 can extend across the %i anet.er of the
vaf @5 S@eaReallp ahd deydexintiey hegicanserds configuied tr meve frapetogie PG48l Ri% hin t he

excl usi on
vertical manner.

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

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

accomplished in one of many different variations of wafer holder motions and proximity

head carrier motions.

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

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



region. Therefore, by use of the proximty head 106-5, an enj4
surface may be scanned in one pass. The proximty head 106-g§Fﬁ%¥@g€2007
source inlets 302 and 306 and source outlets 304. In one enbodi nent, there
is a plurality of source inlets 306 that is in a 30 shape of a line that is
surrounded by a plurality of source outlets 304 that forns a 15 February
2007 -56 rectangul ar shape. Two linessof source inlets 302 are adjacent to
the plurality of source outlets 304. In one enbodi nent, the source inlets
302 and 306 as well as the source outlets 304 nmay make up the process

wi ndow whpp& donethemBIdeeI600), Shctnmyddseribairimeaerante taRigural 3.982 & RIS eci at ed
that the proximty head 106-5 as wel

L | as the other proximt S
descri badfird08iand megregbupptdde cpmpists e lpRIECHF PEe r‘fe‘f?{eq@‘f g{cggeﬁgﬁgﬁ
configurati ons..of r | ' PflpQUTRER ivtiedr t he
process g\rlﬁtbn(%?/\gl,e Vt"?‘lfgr g@;zﬁe %%ﬁ%ﬁ? %ﬁﬁ%}’éﬁ%g{t}%ﬁgﬁ ty of the meniscus
may be Ghadass) bd MoOREinesThediioe r wifheproessgieg @peratipueby gfe prasinghoiaadi t y
head, the sizés of the source inlets 302 and 306 as well as source outlets
304,5 and06.he sizes of the ports 342a, 342b, and 342c (as shown in Figures
24B and 10 24C) are as descri bed above in reference to Figures 11-14.
Therefore, t Mogupe A8Chows header EO6esSingmystbm velrye His rrapinaitshead exffpds

figuration dependi he lj cation desjted. it
b oxi i Boueqasing chsY g 165 Scromant 1 arontorai et o HRIEREE o The
pr oxi m ir}’vteﬁg@{!i %10(21'656‘]11%& %@tﬁe%é‘ﬁi' ReRIMRCSSEnnag awlithaproximiybesd a

meni scu east O mMmmin Tength.” I'f the exclusionary. region of
the 200 s @phsit of podiiesigrmieniscibathpronessed at kehw aradivg of s1545eHL09-ess

that 200 mmin length. In another e le, if o [ OXI.I'A kgndesi red
t 0. B¢ anlnthisembedimznb hmpiraiary ?\adoﬁgr‘gﬁ%gc,antah anfeef)gu@{%%r?ir%@rx ﬁgglggﬁ%%% may
have to 1@%}/ %nagtfcﬁ{o%? ?31?1?‘9{' REQW kAL 1 RE Q08IC BSarR the Rhffodimbitatwe proxatity east

300 mMm i e exclusionary region of the 300 mMmis not desired
to be peaka9seshy bdwatilivedivelows onayerbecitdsef thisara fQOOI e LhPICEEEE by pRe yet

anot her enbodinent, if 20 a semcircle af .the fer s i
pr ocess efithsyprexipysieads yOhuhyeithe aiher i?gél'sc,lm?%%ﬂ%ﬁ rw'r()acg(lfarssé1 Q%E%Ef 0%1%?/&%%)[ a

si ze th%e(\#g%loq-t%? %ﬁﬁitggg%&il%gs length that is at least a radius of the

waf er . ore, e si the mani fold, process w ndow, and the

menj scus nmay_be ¢ d._dependin : h&RULOPrAESity Bdad FI@H0ReL4B
shols a si deFﬁ‘gﬁlggﬁ%ﬁﬂgsSr%é}?WI%&Q%éﬁ?i%Mh%% t!zli‘f:)grordant?:,e With one 25
enbodi MgpticQlly LemBRETENT0S YRS inditcoldanddwith enbeuibrdinbenttofighepieanti ty head

106-5 also i'ncludes ports 342a, 342b, and 342c that,, i ne e fmnt
cor r espanention.t hneor@mm?lzgliment, the proximity head 106 moves n the Pasglon as%%gcq’lb%

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

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

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

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

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



inlet 302, source outlet 304, and source inlet 306 respectiv
inputting or renmoving fluid through the ports 342a, 342b, aﬁ%kg%?%rygpgﬂds
may be inputted or outputted through the source inlet 302, the source

outl et 304, and the source inlet 306. Although the ports 30 342a, 342b, and
342c correspond with the source inlet 302, the source outlet 304, and the
15 February 2007 - 57 source inlet -386 in this exenplary enbodi nent, it
shoul d be appreciated that the ports 342a, 342b, and 342c may supply or
renmove fluid fromany suitable source inlet or source outlet depending on
the confregfanatlarohapesTyedinepetsnysce infets {2 ave Atinewt 4¢ therpleralibhel so8tfcce

inlets 30 306 with,the source outlets 4 I may be

f or med @@ﬁﬁggﬂ% RB® WB%“H%@E@% Ty 1‘(16018_?3%5 %%ar{dh%d%ema/as@%“ %%@% Sql eeshape of
the menicyeips 3b%6n ak’@{%ﬁtheqﬁ&%@ﬁibvﬁhﬂic&“wb&% tEORfechBUiAL i ®maghd folintendt ons of
the proximty head 106-5. As shown in Fi gure 24B, the portion 342c and the

sour ce ishbt aBoerapprdseatediifal thempeekimaty &0¢-iesiwgilias thepthepRrexamitye
surface,of . the fer. As discussed above.in reference to Figure,. d 7D,
by USe SPdnfSeeing T dp g fherhaieRnE NG A B ughs 8F
effici e%&édéssgﬁ'iﬁd&%s;%}svhﬁ‘ﬁ%g‘?ﬁe S BRioR G hd Y chQ vEiaabw o) thedizanfape,

mai nt ai I i

ed in an optiral manner. In one enbodinment, source inlet 306 may
be angl edd et fveetiommbiouof e degisses mapde abagedodn ode gmbedinment,tthe rafigedét i on of

th | et 304 | | d. Lnti t d th f
and ¢ he Sty Le ARUTASHEehoP AP LR, BeaPirer Bt E02dut caan T s biten o
prefer agbﬁetg @Eﬁ%ienﬁqr SH& siéE{'ﬁ% gle?bﬁ@snm, @hz@,%lﬁdlsaz@ SRvalautigkss demrnaes. |t

shoul d be 1 t oo he source i nlet 302 and sourcée outlet 304 nmay
be #hgl 8dC) arcam\desarittedbeve anglezertchdt Fimyesoplt-1 4 Tetefegbn reximity, hegdnt r ol |

and managenent of a stable.fluid ni scus. Figure 24C sho an isonmetric

e of 1068 TiuRT A JizBlaF iR s ophEaERoh QT R SHEOARRT. of the
present invention. The view of the proximty head 106-5 20 ShOWlf’I i.n Figure
24C shows a batrxample, i§9pe sraxemitydepd iscdessediorgdapsners 2Hapmwele Fhnect i ng

2»? ![ :z h 5?%%8335gbt%:6 :%9 nX;/i f ;}lgelagggg—gzr{l# gaEVCCtS WGE % %F&%e?@%ﬁﬁo@?&awdg&ﬁ ed to

proxi m ead carrier he al i gni ng

hol es nBynReus i isiaz &hst T0EMOM [Ehah Mehthé ekdusiepaydigion f thcZ0Camipt isomti on
desired. The proximty head 106-5 also includes ports 342a, 342b, and 342,

on kb si desitsl g he ppresxicd thy measrus oBYPedssseppiciem Wdepgiidih afl%tga"e of the
oot ot eBtns opopra iy RO Ao B R LAL e R b RRF BCAGHES e on
proximity head 106-5 may have to have a process window that produces a meniscus that is
at least 300 mm in length. If the exclusionary region of the 300 mm is not desired to be
processed, the meniscus may be less that 300 mm in length. In yet another embodiment, if
20  asemicircle of the wafer is desired to be processed by a proximity head in one pass, the
process window may be a size that would produce a meniscus length that is at least a

radius of the wafer. Therefore, the size of the manifold, process window, and the

meniscus may be changed depending on the application desired.

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



the aligning holes 582 nmay be application dependent and therféﬁEﬁrW B&7
any suitable configuration and |location as |ong as the neniscus na %e
managed i n accordance with the descriptions herein. 15 February 2007 -58
Fi gure 25A shows a multi-process wi ndow proximty head 106-6 in accordance
wi th one enbodi nent of the present invention. The proximty head 106-6

i ncludes two process w ndows 538-1 and?538-2. |In one enbodi nent, the
process wi ndow 538-2 may wuse cleaning fluids instead of DIWto clean

waf ers. The process w ndow 538-2 nay use 5 any suitable configuration of

sour ce i Abwrs indetcB0Gun Ithis sxehpleryneaybariimient, #rshovldi heappeeciafgsbthgl the@osigni ng

fluid to.,the er. one enbodi nent, Lh rocess .. ndow 538 j.pcl ude
onl'y  souPee b Yl S SRR ey P (G Y Sbieny gt of Bl
enbodi neghlett dABeRIiRE 68 the WnAPRMiSR BedrdiBIBdcRGIUSRh Ot difiigue At uhabdros and
functions of source inlets and outlets described herein. 10 The process

wi ndow 588ets 30Rpund RO wdthythe harombwiets T the meebsusl Hooay befarmedehietyiesn any
sui tapl e configurati of source.inlets, and source outl et onsistent with
Che. BonHeguPHibsced I HOTAATEL T NI 0Er | HEGTHE o e POy f HE A waPer
surface. 4 ﬁﬁﬁlf#cynethe RYnfiMB S aﬂ@ﬁi?ﬂeﬁéi@n@BPﬁ%Eﬁ%ﬂﬁgﬁgﬂY@dW@i PAestoretd ons

such as cl'eaning and drying nay be acconplishe y'one proximty head. In
yet anot Rgurediidhepattioniddat eadlthefsontdetinjet 304 hayibecest guved doargle diawgput

| ted imty head |t pl imty _head b tillzed t

br ocess SHE A IBF Suaect Hopalsg albpiatutiod “BPYs et orde Tye dCeti the
¢ ;Y .

Wal er algu }duw(frﬂ%%i%gf%g%le% rtllﬁ%rglgg{%&‘ust {8y Y hBhaf&LATicndy k6 thre

appar at uses an ereln. Flguré 25B shows a
mul tli0- pr9ees sf thientenisqus oxdyhet opntreHed A0GmAinkkinkd itharept?@alpmawess Imbelows in

accordance, wi.th one enbaqdi ment of th esent jnvention. It sho be
appr eci atrabpdimgnt, ts‘i’l'émﬁﬂrﬁ%’ti %ﬁ@a)h}éeaﬁpgi@g{’?t“’ﬁﬁ? a*}‘i’ﬁtl efsynd &E ?'étg(’% e nunber
of proc i i : i r W48

Gesi Feq FaRct oo BRARTO BN SO MR arBll ol XBER Y pIRARERMIAA nt.

t he pr oxheivtaferteddhd Ai6el7 Oiwmildibe pointipng dress toithel sywrél88atist 39881123 and 538- 3.

I n one enbodi nent, the process 25 wi_ndow 538-1, 538-2, and,538-3 are
cl eani ngreferapds P@}’Bﬁhﬁ%,th‘éﬁﬁ‘f%ﬁweﬁéogrl%é%@ﬁd fport egFé@p@éng}@ﬂgﬁ I n one

- embqdi e Rerddifs REARESSunth RIAY0RIakoIRE JuPkibGs HRYIHEGHSIcERA ny YRt DI Wt 0
rinsé a wafer surface. The process w ndow 538-2 may genérate a cleaning
angle that may optimize the generation, control, and management of a stable fluid

MEeniscus.

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

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

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

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

descriptions herein.



fluid neniscus to clean a wafer surface. The process w ndows
538-2 includes at |east one source inlet 306 to apply quidlfﬁg?%gﬁgng;
surface. In one enbodi ment, the 30 process w ndows 538-1 and 538-2 nay
optionally include source inlet 302 and source 15 February 2007 -59 outlet
304 to generate a stable and controllable fluid neniscus. The process

w ndow 538-3 may generate the fluid a¥niscus 116 to dry the wafer. It
shoul d be appreciated that the process wi ndow 538-3 both rinses and dries
t he wafer surface because the fluid neniscus is nmade up of DIW_Therefore,
different t ypﬁrgunaf 21:4; sessa mu&tdpmemymdevw mrexineibbgad 110|6¢=.6 B EORRRT] y head

106-7. As |scus in.r ferenceto I gure 25A .abov, t f in
mul tipl eV 88%?%1 hrffp(S‘??gntp‘r“&Ii‘tfﬁ%r Crt lfleadll@%p(ffglg}u% ?We gs

may be ;ﬁtﬁ%@essmﬁa&w@m RanB58 2075 LRE eRIHOYinEr Mhb pRRtesswindber memrﬁagr
differe pur poses such as cleaning, rinsing, drying, etc. Wile this

i nvent i omelasnbgeiuidenstoat e DIW tosrem: wafegev’ﬁmairoqzﬂsemmfiféﬂ 5318 2enmodienent s,
it will be appreciated that_ those k|IIed e art on. re

pr ecédi iy SYPaRiF cPRagTaRan ‘é‘?ﬁﬂ’ué‘iedﬂfﬁt%ﬂ‘dt% it iﬁ\ﬁ THps 2 |an¥ é%lﬁﬁl’gée]%ar I ous
al teratigng, %ﬁ%‘d b S wafe eH A IREmRR 1RAMLYAL QRhdow |3§8-Q%ay iriclud?e

t herefore |nr% cE t hat t e present Invention includes all such

al t er at i (g sovacidlinléto tidf nperapplyahe ohsmngrihlu@th axmt@mt:mbaélm%ntl th@iprofiess t he
true spirit and scope . of the invention. ‘b‘x\h S CtJ ai ned Le’% dSOHI% ruary
2007 - GUNEOWINE 2 Ty Mcludse e PHEUAPRE FRdh B UPR AT SORFGE 1Y A Mead
havi ng ade? d%lé{, iRCE, the head surface configured to be proxi mate to a
surface 0 substrate when in operation; 5 at |east one of a first

condui t for ivering .a,fir flui zaj e
thrgﬁgh t he ﬁﬁ'é?d’m&‘?ss vnd wgﬁé’ldfla)éﬂisécc%gl cond {J?’fﬁ?gxfoc%% |1\I/l§§?’?gsra second
fluid tgnigseily 5@l ok fiBiratfd Y sahRe iAleRLGN sbiee batlets cbhﬁsmamnu tlid ui d
being different"than the first fluid; and at | east one of a_thi cbondwt

for renwenfiguretions ofl fuhetigrisrdsserfiedihgrein dor dreingescpfgr surface. Therefore,

use of multiple process windows multiple functions such as cleaning and drying may be
accomplished by one proximity head. In yet another embodiment, instead of multiple

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

methodology described herein.

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

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

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

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



10 fluid fromthe surface of the substrate, the at |east on '
conduit being located to substantially surround the at IeaEFQEﬂ%Q§¥§?w§ﬂ
first conduit, wherein the at |east one of the first conduit, the at |east
one of the second conduit, and the at |east one of the third conduit being
configured to act substantially sinultaneously when in operation; wherein
the at | east one of the second conduit{sd.-s | ocated to substantially surround
15 at least a portion of the at |east one of the third conduit. 2. A
substrate preparation systemas recited in claiml1, wherein the substrate
moves al ARt 305 RegdikiRea sableamdpoofrollsbls fuidvatnisthe. Adbgdresassy Bindoyy i3

surface of the substrate. 3. A nethod. for .process] a substrat
conpr i simey gavraptheflwg mensqugd 16 f iy tbﬁf”&f‘% g‘i ﬁ?‘g’t‘fdrr%g?p(?ﬁe%%e&aﬁlsam ace of

t he substrate; .appl yi | 444 Segkaniet héescyr f ace
of the stB%?SFﬁlggg‘ﬁﬁgggrbgjr?%\%ﬁg%%ﬁgﬁfe?F}%{\L?ﬁeﬁfﬁrﬁggg% he second fluid from
the surfRegdeluptdrpmubsherkde, different 8oy bfygrooess windavgs fraprbedneiniiedingtbgi on

that substantially surrounds the first regiaon, vvhgrei n the seco A ion
subsBantprakinyitsheadrl9grtisAa discassed 81 referprse P SAEEE £ ApLVERPFIGad 9 arvégi?g on,
and the applying and .the rempving. f i {BEUSed 4. A
net hod f%ﬁﬁ‘ﬁy%@'gggﬁsﬁﬂngﬁ%iﬂ%@é) ra)s“nﬁégiﬁ ?agd&%ﬂgﬁggéoﬁ%fﬁyg%ﬁr@y conpri si ng:

‘scanni g4 08 oROBE Akd SCIHERRGEES HRUES mahBe Sued e diffdrentpirposss shat . 15
February 2007 -61 5. A nethod Tor processing substrate as recited in claim

3, Wwher aileanting rinsingt dryfdaie®-i s one of DIWand a cleaning fluid. 6. A nethod
for processing substrate as recited in claim3, wherein the second fluid

i s one of i sopmelpyhisakwwatioh hat Rn deapibed initempgeseveebpisiareonpounds, 5
hexanol , ethyl glycol, and conpounds. m sci.ble wth_ water Qg of or
pr 0d@ssi %%B%tﬁ,altt wilh e appieciatpd; tHa‘ctpﬁ?etﬁq‘%l, ecﬁﬁﬁ%’%% up hg reardg%(\%eﬁg&{éhe &irst
fluid and 1 b D GlHARSs AMPFAIRE vari dtAGIeratiohs Cadadonspr oxi mi ty

to the ssg?a#lgg%t%gﬁ%gﬁeswgﬁ)%élgt(:(ﬂe. 8.§SA met hlod_vfor processi ng substrate as

recited jepmalationt @nd sfevaints theeeof1 Gt ivghirsfous intsded dleatithe presSentdmesiesr of

the substrate. 9. A substrate preparation. system ¢ ri Sl A : ifold
havi n; ain%luﬂffsaﬂibs,uqlﬁglé%ﬁ‘%@éldg’&‘?gi mgat’toﬁlg’baéﬁﬁ%ﬁ&%tgeﬂt %glawgt&??g%:e of

true spirit and scope of the invention.
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What is claimed is:



the substrate when in operation; at |east one of a first sou[§ lh’&' ﬁzﬁ@r
delivering a first fluid to the surface of the 15 substrate t roug

mani fol d; at | east one of a second source inlet for delivering a second
fluid to the surface of the substrate through the manifold, the second
fluid being different than the first fluid;, and at |east one of a source
outlet for renoving each of the first-®kuid and the second fluid fromthe
surface of the substrate, the at |east one of the source outlet being

| ocated to 20 substantially surround the at |east one of the first source
inlet, and the at |east one of the fi&kAIMSirce inlet, the=at |east one of
the second source inlet, and the at |east one of the source outlet being

configured to1 act 3y ﬁstnaar@é}g%h%fymgﬁ g}ﬁjtérﬁ %/\/nen in operation; wherein

the at | east dne of e se source I'n et surrounds at least a trailing

edge side of l'tl%igf a&mgea etadgﬂl%ac%f t}}er}f‘aaagHIrf&?e &H?Fﬁlted 18 e HPoxifhatadd for use

i n preparing 4 compri afirs rface of the head, the

first sg{lffg&eoictﬁagmsqaﬁfwb@img)pbfaaﬁ,ﬁd |n close proximty to the waf er
surface; 15 February 2007 - 62 a first conduit region on the head, the
firsg condui tanegi o fef fiecbridalt fdeddlirering affirst fididts thef dunfade vbthaaf er of the
surface, the first conduit region defined in a center portion of the head;
a secondubsratibroughgheheast t he head, the second conduit regi on bei ng

configured to 5 surround the first conduit i on; dui t
regi on on t het iesgionerafe sepprdicanduidp delvgrisg a&g?‘?r}‘?‘e@l 56? alb‘:e ‘ﬁ?&? @’F
second fluid, t r ning a
o - enSPRlRE ?ugt% t}{‘aL JB58 ﬂ%ﬁ%eﬁ%&ﬁlﬁa{; ﬂﬂdg thé %ﬁét%l&teafnki g

|rs con n an second conduit region;

wher ei n seconglle&gt Sl L \ﬁntﬁgd%cm ?ﬁ)l ' oﬁng%%Y@tth@fﬂrgt@ulﬁ'ahatthé dedbsl and t he

second 10 f 1% erei n I'ver e first fluid and the
secomd fiutd ﬁoﬁﬂﬁ@lsﬁlﬂﬁbevuﬂtﬁe §dtstraireem\aalleabyortefﬁ thakhich mmm&elﬂ&lgﬁ@ﬁd@f t he
head defines a controll able neniscus that is. .defin bet en t he. head and

the waf eub%mﬁﬁél&éum'@iﬂ b abfraptaneaH thndrs rendra }leéem RS %s[tg T 8fPRe waf er
surface. §irs & \ﬁﬁgﬁj%l? ﬁﬁ‘ et URE oF heRLERA dS?ﬁluﬁ Rk af }éragta&fe FShé aeid ®RAdui

claim1l an ‘opening exi s the sem -encl osure.
being configured to act substantlally simultaneously when in operation;

wherein the at least one of the second conduit is located to substantially surround

15  atleast a portion of the at least one of the third conduit.

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

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

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

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

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

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

wherein the second region s ubstantially surrounds at least a portion o f the t hird

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

scanning the controlled meniscus over the surface of the substrate.



12. A head for use in preparing a wafer surface as recited i '
wherein the wafer surface is capable of being scanned by thltra‘5 ﬁlélg]gg}vﬁgﬁr%?
t he opening of the sem - enclosure leads in the direction of scanning.

-61-
5. A method for processing substrate as recited in claim 3, wherein the first
fluid is one of DIW and a cleaning fluid.
6. A method for processing substrate as recited in claim 3, wherein the

second fluid is one of isopropy! alcohol (TPA) vapor, nitrogen, organic compounds,
5  hexanol, ethyl glycol, and compound_s miscible with water.

7. A method for processing substrate as recited in claim 3, wherein the
removing the ﬁrst‘ﬂuid and the second fluid includes applying a vacuum in close
proximity to the surface of the subsirate,

8. A method for processing substrate as recited in claim 3, wherein the

. 10 meniscus extends up to a diameter of the substrate.

Q. A substrate preparation system, comprising:

a manifold having a surface, the surface configured to be proximate to a surface of
the substrate when in operation; |

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

15  substrate through the manifold;
at least one of a second source inlet for delivering a second fluid to the surface of

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

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

source outlet being configured to act substantially simultaneously when in operation;
wherein the at least one of the second source inlet surrounds at least a trailing edge
side of the at least one of the source outlet.
25 10. A head for use in preparing a wafer surface, comprising:
a first surface of the head, the first surface capable of being placed in close

proximity to the wafer surface;
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a first conduit region on the head, the first conduit region defined for delivery of a
first fluid to wafer of the surface, the first conduit region defined in a center portion of the
head;

a second conduit region on the head, the second conduit region being configured to
surround the first conduit region; and

a third conduit region on the head, the third conduit region defined for delivery of a
second fluid to the wafer surface, the third conduit region defining a semi-enclosure of the
first conduit region and the second conduit region;

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

11. A head for use in preparing a wafer surface as recited in claim 10, wherein
an opening exists in the semi-enclosure.

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

enclosure leads in the direction of scanning.



