| SYSTEM AND METHOD FOR | NTEGRATI NG I N-SI TU METROLOGY W THI N A WAFER
PROCESS BACKGROUND OF THE I NVENTION 1. Field of the Invention [11 The
present invention relates generally to sem conductor nanufacturing
processes, and nore particularly, to nethods and systens for efficiently
moni toring and nmeasuring a sem conductor manufacturing process. 2.
Description of the Related Art [21 The skm conductor chip fabrication
process requires numerous operations and sub- processes. Exanples of such a
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is conpleted accurately, repeatably and in a tinmely nmanner. [31 By way of
exanple, in CWP, a sem conductor wafer is placed in a holder that pushes a
waf er surface against a polishing surface. The polishing surface uses a

slurry which consists of CMﬁgh%mH(ﬁbfﬁﬁlmmﬁiﬁ als to cause the
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the progress of the respective manufdacturin rocess. iIS1s increasingly
i mpor t antagsfagnogspereidmsmolist e monitored to make sure that the operation is completed

accurately, repeatably and in a timely manner.

[3} By way of example, in CMP, a semiconductor wafer is placed in a holder that pushes
a wafer surface against a polishing surface. The polishing surface uses a slurry which
consists of chemicals and abrasive materials to cause the polishing. Typically, CMP is used
to remove an over burden layer (o expose an underlying device layer. If the CMP process is
allowed to continue too long then too much overburden material will be removed and the
underlying devices can be damaged. Removing too much overburden material can also
change the electrical properties of the underlying electrical devices such that their resultant
clectrical propetrties are changed beyond an acceptable range. As a result, the circuit formed
by the underlying devices would fail to meet the performance goals. In the alternative, if the
CMP process is stopped too early, then an insufficient quantity of the overburden material is
removed. As aresult, the remaining overburden material can cause unintended interconnects
between the underlying devices. In CMP, typically some type of an endpoint detector or

endpoint monitoring process is used to stop the CMP process i1 a timely manner.

{4] Other types of manufacturing processes (e.g., etch, rinse, dry, deposition) must also
have some sort of subsystem or sub-process capable of monitoring the progress of the

respective manufacturing process. This is increasingly important as process control



requi renents becone ever nore stringent as device feature sizes becone ever
smaller and as the level of integration increases. Typically, the
nonitoring systemor sub-process is separate fromthe nmanufacturing
process. By way of exanple, in a wet chem cal etch manufacturing process,
the wet etch process is typically interrupted and the progress is eval uated
as follows. The etch process is applied to the sem conductor substrate for
an initial period. The sem conductor substrate is then rinsed, dried and
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substrate processing system, a similar method could be used before committing an entire lot

of substrates for rework wet etch processing.

[6] There are numerous examples of in-situ process monitor methods that are utilized in
dry plasma etch processes to provide thickness loss measurements. These methods often use
an interferometer to determine and provide film thickness change information during the etch
process. This is problematic when using wet chemical processes because the film of liquid
on the surface of the substrate to be measured complicates and can interfere with the

measurement.

7] Addttionally, the typical prior art subsystem or sub-process for monitoring the
progress of the respective manufacturing process are inherently inefficient because the
process itself must be interrupted and restarted multiple times. Starting and stopping the
respective semiconductor manufacturing process can also require additional handling of the

semiconductor substrate and a more complex overall semiconductor fabrication process. The



addi ti onal handling and nore conpl ex process can introduce additional
non-uni formties, defects or m stakes in the sem conductor nmanufacturing
process. [8] hi view of the foregoing, there is a need for a system and

met hod of nonitoring and quantifying the sem conductor manufacturing
process results within the manufacturing process itself. SUMVARY OF THE

| NVENTI ON [ 9] Broadly speaking, the present invention fills these needs by
providing an. in-situ sensor for nonitoring a process being applied to a
waf er. | taddiEmabhandling prdeos eanplhnprachss caprissahice addicinbalonnamohsities,

i npl enent I K QUS s,.includin S a.process, an apparatus, a
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out put. Tireceps nodss can al so be adjusted according to the nonitored
results. [111 The process can _include at |east one of a group of processes
consisting of a cleaning prodEREMARYORSIHFINYBNGSON a dryi ng process, an
etch process, a deposition process, and an electroplating process. The

resul t of[9f he HbaNesseakay, iR preRhi msﬁtioblymm&gengcaygf B9 Rin Ilbﬁ_squn- situ
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results. The process controller can adjust the process in real tine. [13]
Anot her ehBdresnt inyertiondes describédbelpwocessing system The wafer processing
system can include at |east one surface tension gradient device capable of
supporti bifla Opmecodsdiman praviddstamshing oo frocesiBp atvelfbn OrlR hembd tnchfdet he

process,gggd as sten1cgntr_||er being coupled to the in-situ sensor and
the surf ZUEYPEANHTSYOLaF BRLCrddbe PEoceTreing sinparted Ay polifare tehnen grdilisgt a
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processes consi sting
can also be adjusted according to the monitored results.

[11]  The process can include at least one of a group of processes consisting of a cleaning
process, a rinsing process, a drying process, an etch process, a deposition process, and an
electroplating process. The result of the process can be monitored by an in-situ sensor. The

in-situ sensor can include at least one of a group consisting of an optical sensor and an eddy

current sensor.

f12]  The surface tension gradient device can include at least one proximity head. The
monitored result can be output in real time. The monitored result can be output to a process
controller. The process controller can adjust the process according to the monitored resulls.

The process controller can adjust the process in real time,

[13]  Another embodiment includes a wafer processing system. The wafer processing
system can include at lcast one surface tension gradient device capable of supporting a
process, an in-situ sensor for monitoring a result of the process, and a system controller bein g

coupled to the in-situ sensor and the surface tension gradient device. The system controller

including a process recipe.



process, a rinsing process, an etch process, a deposition process, and an
el ectroplating process. The in-situ sensor can include at |east one of a
group consisting of an optical sensor and an eddy current sensor. [15] The
nmonitored result can be output in real tinme. The surface tension gradient
device can include a proximty head. [16] The process is supported within
a neni scus supported by the surface tengion gradient device. The in-situ
sensor can be included within the surface tension gradi ent device. The

meni scus [14ic| ldesraecgrqaniegidnatdedst endeth frpup bEpictesid eorsistisgof a fledAinghe
in-situ sensor can be noved m%@h t he su face t ensi on radlent evi ce.
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The processabaidyguseppeniceed by a proximty head A result of the process
is monitored with an in-situ sensor. The nonitored result is output to a
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t he process controller in real tinme according to the nDnltored results.

[ 19] TheC%Yﬁgbﬁ?apﬁveﬁﬂvbﬁmhdvantageously provi des nore precise control of
the process. The nore precise control allows for reduced process tine and
t her ef or Héf ncTkapedessas srppotthd eutipaineaiseis pipporedb thersodessiessiangragdiyst ens.
[ 20] Clhgr aspect.s and advantages of the invention wll becone apparent

from t hed® S} | Wﬂ@“ﬂé@l&? e breiweludpd rothin thypaHagerersion gndicnbdevige: B behe

acconpanyl-Rdcdr nmpl e the principles of
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systemin accordance with one enbodi nent of the present invention. 5 [23]

Fi gure X¢vidgows an al ternate view of the wafer processi ng systemin
accordance with one enbodi nent of present invention.
[18]  Another embodiment provides a method for processing a wafer. The method

includes applying a process to the wafer. The process being supported by a proximity head.
A result of the process is monitored with an in-situ sensor. The monitored result is output to
a process controller in real time. A recipe for the process is adjusted in the process controller

in real time according to the monitored results.

[19]  The present invention advantageously provides more precise control of the process.
The more precise control allows for reduced process time and therefore increased wafer

throughput over prior art processes and systems.

{20]  Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{21} The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural efements.

[22]  Figure | shows a wafer processing system in accordance with one embodiment of the

present invention.



[24] Figure 2B illustrates a side close-up view of the wafer processing
system holding a wafer 108 in accordance wth one enbodi nent of the
present invention. [251 Figure 2C shows another side close-up view of the
waf er processing systemin accordance with one enbodi nent of the present

invention. [26] Figure 3A shows a top view illustrating the wafer
processing systemw th dual proximty heads in accordance with one
enbodi ment_ of the present invention. [27] Figure 3B illustrates a side view

of the wat8l pFiesessi rlowsan dinrmite Meduel hpmakir prdcgssileadsn i acodatancieh
w th one &qg)fg 'Orasfn% toof the present invention. [281 Figure 4A shows a top
view of a Waf Bro SN ad PPNt ch i ncl udes multiple proximty heads

for a parh%‘fulnsr surfafe of the wafer in accordance with one enbodi nent of
the present! i nbighis dhillusbgps psiggrctosampamomel desvader rpesssiof sydten wafding a

pr 0Cessi NG, Sy 54 bl el NGHAES BHLALRLE R OXI MLy heads Tor a particul ar

surface of the wafer 1 n accordance W t he present
inventio 30}, Fi 5A shows a top view of a wafer processing system
with a pﬁ%%[ m%%“i‘ﬁ%%&l%”&mﬂ’ﬁf F‘%ﬁ&é?‘“&d’%ﬁw BN (265 RIARESSIBY SIS Uhicr oss a

di amet er botdhgWakEhnd é}n@&ﬁf?{egﬁmﬁeg&e&&ﬂ%ni fbodi ment of the present
i nvention. [31] Figure 5B shows a side view o{‘ a waf er processing system

with the X147 e i - i tal..conf.iqurati.on that extends across
a di anet e[?mgf %%¥%%&%\isnd tg %6%%%%%&%%6 6 %%é?rft?éﬂf‘g@ﬁfer%fv “thtfg‘agr esent

i nvent i orproxXi8ty Hehdilineacbézdsi@nsitidofOBmNo BMcRf o fAhMBc8nt R REESSI N system
with the proximty heads in a horizontal configuration which is configured

to apply [oTle QrigurBn® iflafikdisal 88 vRUOSARS §ar YubSoroxim;
stationary, in accordance with one erbodi rrgtrrlgmocgzgﬁég%rﬂe%gﬁﬁ(%u%ll\Perﬂ’flide'.
(331 Fi glieedssmagtradanca vdildeneviravodihent ofdfiepregmonrssiing systemwith t he
proximty heads in a horizontal configuration which is configured to -

process {3 wiligme #Aahows agbptlconall ywhier pREERIFANSBHW AL ARG RIRAMIENt  Of
the present .inventjon. 6 [34] Figure 5Epshows a side view of a wafer

processi REPEYEY BRARifoRa PadChlabsiTfice vl Hgawafer inrceordendei wigh onoahbglimati oh
enabl ed }R REQGESS wafer that is stationary in accordance with one
enbodi nment p(?% tﬁ@ E’Etg)glént invention. [35] Figure 5F shows an alternate side

vi ew of fer processing systemthat is shifted 90
[’;129\1\/51 %1gu X DG SRSWE'D s view of the wafer processing system which includes multiple
proximity heads for a particular surface of the wafer in accordance with one embodiment of

the present invention.

[30] Figure 5A shows a top view of a wafer processing system with a proximity head in a
horizontal configuration that extends across a diameter of the wafer in accordance with one

embodiment of the present invention.

[31]  Figure 5B shows a side view of a wafer processing system with the proximity heads
in a horizontal configuration that extends across a diameter of the wafer in accordance with

one embodiment of the present invention,

[32]  Figure 5C shows a top view of a wafer processing system with the proximity heads in
a horizontal configuration which is configured to apply one or more fabrication processes 1o

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

[33]  Figure 5D shows a side view of a wafer processing system with the proximity heads
in a horizontal configuration which is configured to process the wafer that is stationary in

accordance with one embodiment of the present invention.



degrees fromthe side view shown in Figure 5E in accordance with one

enbodi nent of the present invention. [36] Figure 5G shows a top view of a
waf er processing systemwith a proximty head in a horizontal
configuration which extends across a radius of the wafer in accordance with
one enbodi nent of the present invention. [37] Figure 5H shows a side view
of a wafer processing systemwth the proximty heads 1in a horizontal
configuration that extends across a radius of the wafer in accordance with
one enbddthertigwe SErbops esédu viewvé atiader pré@8YinErglme Wil thd puwsiraitpheands i ty
head inlet/outlet orientation that may he utilized to apply a fabrication
process 3 % 4 ﬁléuc\?\');?oélrﬁlgf“f? it 8858862@@ rﬁf%ﬁ Hﬁn‘@afl%@)‘d‘is FEHONYD 1 Aecoptasse i th

i nventi oneledBbdim @k beteBrapvgvanrihher proximty head inlet/outl et
orientation that may be utilized to apply a fabrication process to the

waf er in ({3 COfP‘}’QJ}Q?E ‘r%%vbs Ql?gltmggid%ﬁ]etw 8{ %%vgﬁe/r %t(%:lségs?ﬁ%g%sga\é{e g{alf %Ehitf{é?)]omy

Fi gure 6C shows™ a er proximty head

be utili Zegreed Poapid yidaviecabstiosal inPiguk 8888 Scdopddnlde Wl &l diibRAGEA daNke W th
one enbodi nent. of the present invention. [41l] Figure 6D illustrates a

pr ef er abPESEMBBGHEAt of an exenplary wafer drying process that may be
conducted by a proximty head in accordance with one enbodi nent of the
present i¥lentigme SG4RpwFagor eicétofshoaBr mnotshier syaéarwids ¥ brgiplpaessinusi ng
anot her sour c Ii nlgt/outle ., ori egt ation that may be conducted by a

proxi mi t JORERR CRM LSBT RN B RIS AT OSTRTadiuseh the wafer Meacppidartstithormt i on.

[43] Fi gg;hgo(ﬁﬁlegh@fwg_e?fggglt&qfwé{gi%pe inlet and outlet orientation where an
additional source outlet may be utilized to input an additional fluid in

accordan W ] i . of .1 he.present jnventio o 7 44 igure 7A
I F st rar ol " P ARSIk TR vioP brd DR R SR DARR wifliondproistinht b
accor daniea idrizontn eorefigostiorefht dteddd acidbLS R usI TR RRP in b 4BldaRORIE 0B
shows a tog view of a portion of a proximty head in accordance wth one

enbodi nefEOYHMERO e BERENtiRVERHENON.

[38]  Figure 6A shows a proximity head inlet/outlet orientation that may be utilized to
apply a fabrication process to the wafer in accordance with one embodiment of the present

invention.

[39] Figure 6B shows another proximity head inlet/outlet orientation that may be utilized
to apply a fabrication process to the wafer in accordance with one embodiment of the present

invention.

[40]  Figure 6C shows a further proximity head inlet/outlet orientation that may be utilized
to apply a fabrication process to the wafer in accordance with one embodiment of the present

invention.

[41]  Figure 6D illustrates a preferable embodiment of an exemplary wafer drying process
that may be conducted by a proximity head in accordance with one embodiment of the

present invention.

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

of the present invention.

[43]  Figure 6F shows another source inlet and outlet orientation where an additional
source outlet may be utilized to inpuf an additional fluid in accordance with one embodiment

of the present invention.



[46] Figure 8A illustrates a side view of the proximty heads for use in a
dual wafer surface processing systemin accordance with one enbodi nent of
the present invention. [471 Figure 8B shows the proximty heads in a .dual
waf er surface processing systemin accordance with one enbodi nent of the
present invention. [481 Figure 9A illustrates a processing w ndow in
accordance with one enbodi nent of the present invention. [491 Figure 9B
illustrates a substantially circular processing wi ndow in accordance with
one enbod#HentFigfre  Aalipstedem prorvna it hiaad peffBOinEiaguwxempl@dy diyingsipesitien ian
exenplary proximty head, inh accardance wth one enbodi mrent of the present
i nvent i or‘fi‘f:‘l?o[r el‘—"i‘étﬂ"@ epifggipet of fhepreenLUN e 9 nal  vi ew of the proximty
head, in accordance with one enbodiment of the present invention. [521

Fi gure 11Blshéi@ra’Bspovs afpvricumiapemyiarie preningicukeafion pexprdapce ath one
proxi mt - i rdance with one enbodi ment of the present

i nventi o%lnbpg%lﬁ?gﬁrgé&%ﬁ?% Hs]ﬁ%“ S"a sectional view of the meniscus formed by

the proximty _head, . i. accordance wi th one enbodi ment of the present
i nventi o ‘?31[ 5 H]8UES 66ﬂ@USif?}sz?ﬁéﬁ%sVlaw\feéf@rprBW@@é@aﬁ@ fogyse B9 fvn! 26T dance
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waf er processing systémin accordance Wt e present
i ti 5 i | ock di f f i
system | Hhcohiaie B ot B aldiifidne G PR r RSt TRt W71

Fi gure l4cdosdadicd Wwimehaembeliinidie ok hosteRnavaiticans for in-situ nonitoring a
process in a proximty head, in accordance with one enbodi nent of the

present j4ayentisQn 9&i11@§g§gh§%ems Iﬂo%l%omga@gf}@g%@%@%hl‘@ﬂ§

[581 Several exenplary e or a semcon I on process
t hat uti piczad invansen.f ace tension gradient and is conbined with an in-situ
nmetrol ogy systemw ||l now be described. It wll be apparent to those

skill ed [49]t hRigard 9B NAkirhide a PARSENLILY BYQNE RBcABYcREndPY ACLdGRENW fhaut
sonic or all of the specific details set forth herein. [591 Wile this

i nvent i ofParaRbasEented sleg prseat inyepéems of several preferred embodiments, it

[S50]  Figure 10A illusirates an exemplary proximity head, in accordance with one

embodiment of the present invention.

[51] Figure 10B illustrates a sectional view of the proximity head, in accordance with one

embodiment of the present invention.

[52]  Figure 11A shows a top view of an exemplary meniscus formed by the proximity

head, in accordance with one embodiment of the present invention.

[53] Figure 11B shows a sectional view of the meniscus formed by the proximity head, in

accordance with one embodiment of the present invention.

[54]  Tigure 12A shows a wafer processing system in accordance with one embodiment of

the present invention.

[S5]  Figure 12B shows a wafer processing system in accordance with one embodiment of

the present invention.

[56]  Figure 13 shows a block diagram of a wafer processing system in accordance with

one embodiment of the present invention.

[57]  Figure 14 15 a flowchart of the method operations for in-situ monitoring a process in a

proximity head, in accordance with one embodiment of the present invention.



wi || be appreciated that those skilled in the art upon reading the
precedi ng specifications and studying the drawings wll realize various
alterations, additions, pernutations and equivalents thereof. It is
therefore intended that the present invention includes all such
alterations, additions, pernutations, and equivalents as fall within the
true spirit and scope of the invention.8[60] Figures 1 through 2C bel ow
illustrate enbodi_nments of an exenplary wafer processing system It should
be appreci ated t HRAETAHER PESGRIPTTONHD LEE/EXanPLARY EMBOBIMINESI t abl e
type of configuration that would enable noverment of the pr oximty head(s)
into cl 0588] prwiel byerhySlattendMalBEn TRy até%m%dndhét%fifabhe ﬁJ gs@amla'frﬁﬂﬁ s
shown, the proximty head(s) may nove in a |inear fas roma center
portion cfsuffaec (gasien staslianh end dgenbinddheitinad arsitu metrslogy hyhdmmirbpbﬁdjeat ed

that oth di th phidne wap
2T near s AL R bR isabie sk BRain e arbthan Be mereeu vaoncabe o

oppOSItepeﬂﬁl@e@fmh&momf&rau &&h&gpﬁarﬁcfa%ul; s O88Hn MRXGENt S may be utilized
such as, for exanple, in aradial " notion, Ina circullar notion, in a

spi ral on, on
s 5| t abl 2‘? ?p]em\?f%lg%ﬁrlr%ﬂtn?%ﬁ% igj?% %p%eé B l%35(% i 2‘6“%%/0#écﬁﬁgf&eﬁcﬁeiam%f)%}?ﬁﬁ & one
enbodi mendtill belppekhed thayhde skiledtie theantugdA&eliAX Y ﬁ1¥ccﬁﬁ%¢p@@ﬁ@ﬂ1dn@ afld

| i near faugl on so_the proximty head may process all portions of
waf er . KiGg e %‘IaE’@%éN‘Hﬁ%r@tVéwu%ﬁ@tallo@ﬁmdltmmrnmmmnmgd be ut ilized

where th he. p nfl ured to
nove over%ql}tﬁ,ﬁjélgé\tlgfd%rg@ Itrigﬁl?etrﬁtgre 1‘1{[%15 f@ﬁé@ﬁé’??%@ éi’gloﬁdnﬁf‘ %f'lﬁﬂg %‘Bﬁti ons of
the waf elterationsaekitlition) perih@athexdndi doyivaRat RAMEH hh@umfeﬁ%fue%bﬁﬁ%ﬁé 's&ﬂne%\fSt em
descri beg?herel n may be utilized to process any shape and size of

substrat VWH8s for exanple, 200 mmwafers, 300 mmwafers, flat panels,
etc. The wafer processing systemmay be utili zed to apply any type of

fabri cat [&hh th&§1€§§et§1Ql@htZﬁbbwla\Weﬂummnhd@nems'roIﬁEn exdiplgnradfeoprootssiipe
system £6 rocessi ng system 100 i n accordance

with one ySELr?bnE"jd ?'}‘ﬁd éf’ aplfrﬁ‘élai?fim@é EFﬁ‘i?@n‘tg|e€5ﬁmp %gélﬂaémme@ler setahises
rollers 2af cdi3i to enabl e
hafer Surf aopo o R AAT OGN, BNl i ARLHR AAGR MBlRel 1 £y
heads 10@@xumdy tD(IBbMaﬁatmayi e wileeénbotic pmibodinases dichac et rboindy lm@ﬂ@?} arm

e

104a andato a WF tfm 104 rtraad?%ectl vely. The upper arm 104a and t
| over ar'Mi 51612?66 & Iipegr dashygn fxo PWFPWW@&H terpies fo thesdaprithe owtahilch

enabl es fﬁl@bﬁitl%'ﬁg?j?écﬁﬁed !hﬁ?@t‘hcf@l‘(@d@ﬂkmghagfm% ut R Wik in D S%q&m;to %@ad%s%d 106b

al ong a radius
move in a linear fashion from one edge of the wafer to another diametrically opposite edge of

the wafer, or other non-linear movements may be utilized such as, for example, in a radial
motion, in a circular motion, in a spiral motion, in a zig-zag motion, etc. The motion may
also be any suitable specificd motion profile as desired by a user. 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 walfer is not rotated but the proximity head is
configured to move over the wafer in a fashion that enables processing of all portions of the
wafer. In addition, the proximity head and the wafer processing system described herein may
be utilized to process any shape and size of substrates such as for example, 200 mm wafers,
300 mm wafers, flat panels, ctc. The wafer processing system may be utilized to apply any

type of fabrication processes to the wafer depending on the configuration of the system.

[61]  Figurc | shows a wafer processing system 100 in accordance with one embodiment of

the present invention. The system 100 includes rollers 102a, 102b, and 102¢ which may hold



[621 I n one enbodinent the proximty head carrier assenbly 104 is
configured to hold the proximty head 106a above the wafer and the
proximty head 106b bel ow the wafer in close proximty to the wafer. This
may be acconplished by having the upper arm 104a and the |ower arm 104b be
novable in a vertical manner so once the proximty heads are noved

hori zontally into a location to start waf er processing, the proxinity heads
106a and 106b can be noved vertically to a position in close proximty to
t he waf er2ndThiglepopaler & shablyasatamupriacescobewmspcessah Tiwisystay 198 aberintlydesed i n

anaor o waroriSbsaR 8 A TR IERR SRR L Sur B ER BN L ¢

the syst emil00 iy g 10dBTéPuaRAly. MIRNMppSHhADbA: JFNASIovAS aHANG48Srd 16t
proximty head(s) may be noved in close proximty to the wafer to generate

and cont réR PaOx BTy dead carsier aiseablydd vetloonablesrsebeneintly linoaRingueresnt 6Dthe

t hr ough L l.s nderstpod that _.close proximty nmay be any
suitable%Pﬂgkgﬁﬁgg#{gﬁgﬁﬂglagngn%Er%gﬁboégegr ni scus as discussed in
further rg{er nce to gg_ure 6D throu?h 8B nay be nmintained. In one

embodi men??l t & OB BRPedifFnhbs pLoney herdicarebascerabindiOn 1asonigprest tedrold the
proxim tlﬁaré‘!@ﬁﬁy#@ﬁ??@%&%@v@ﬁe@bﬁér z{m/tp@gfd}n%ﬁ RYL oD PGh R, APULQ 1 mm
to about 10 mifromthe wafer to initratée wafer processing opera¥|ons. In
a pref er abremephodienvester. THemay bxiacidnyplishedds hAAha tlangptOfb: (@ althe as any
other proximt %gg% descggbed herein) may each be noved to between about
0.5 mn (OVABEN 040 5e MAveb s frartisal wanne sp enes deerqEmity hspdous siavgd

oper at i ORSyi, MMy iRtd Pl adEh &8Pk 85 &Q | he: imty.he 06a and
106b (as m%%l 32 any(%?ﬁ%r prOXI%$§ %g%ﬁﬁgg§H%Pﬁggﬁﬁ§%§%%%6%%§d§§%ﬁ%%ed

t 0 about b@nmved venicslyetowefmsitiontio ciosk pradimiad efe Wifes EBiSd MpeOpen abionsl [ 63]
Figure 2 hows an ternate vjew of the wafer processing system 100 in
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appreci at e hat the proximty head carrier_ assenbly 104 may be novable in
any sui ta]té‘iﬂgé‘-‘s SO YRR CsaPE enEE e theovalieietgeaeraiaandmosiphi thenisewdss 106a

and  106bt 0,6l Lo @AM QLred: o4 i onfflsd B QNG Sobeflent
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pr oxi m telotegadxibGamantc A0Gkmifablerifthecdtiih @ie Whfct Aelonahen hdhiddieas edge of

the wafer. It should be understood that although the wafer processing

system 1 geyssed 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 described herein) may each be
moved to between about 0.5 mim to about 4.5 mm from the wafer to initiate wafer processing
operations, and in more preferable embodiment, the proximity heads 106a and 106b (as well

as any other proximity head described herein) may be moved to about 2 mm from the wafer

to initiate wafer processing operations.

[63]  Figure 2A shows an alternate view of the wafer processing system 100 in accordance
with one embodiment of present invention. The system 100, in one embodiment, has the
proximity head carrier assembly 104 that is configured (o enable the proximity heads 106a
and 106b to be moved from the center of the wafer towards the edge of the wafer. It should
be appreciated that the proximity head carrier assembly 104 may be movable in any suitable

manner that would enable movement of the proximity heads 106a and 106b to clean and/or



shown with two proximty heads 106a and 106b, that any suitabl e nunber of
proximty heads may be utilized such as, for exanple, 1, 2, 3, 4, 5, 6,
etc. The proximty heads 106a and/or 106b of the wafer processing system
100 may al so be any suitable size or shape as shown by, for exanple, any
of the proximty heads as described herein. The proximty heads 106a and
106b can al so be configured to nove i ndépendently of one another such that
each of the proximty heads can be over different portions of the surface
of the walfgtherpder gsgiesirathelndinefeathedimensnthe goramityisadiesden dseembigrf man

gener at e 1.0 i het ween,th roxi,m 1y head and the wafer. By way
of exanplb%,rﬂ%tﬁgg?ﬁir}%&%ﬁ? an(émﬁ%}t)e lgﬁ%\/aé@ @éﬁ%@@ &Fﬁgn%@&ﬁep@ﬁatgg@/ and
dry the wafeos oy vapgl ¥i s@uld 84 ehdeRiddienued 8lousht LSRBL A0 8 |
fluids fro%1the waf er sur#ace. %he}efore, tﬁg§%9%§%§$f@gﬁ%§§§%¥%%g12ﬁ35106b
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bot h t he 100PoBthcvAe: [0eksting sPaith QD S AGP Olny! YRR o LARL b Bnadilbli on,

besi des processing both the top and bottom surfaces an ‘he
syst em 100 axayph, goy pethe ordiigily ddadsmsplesdrdretdidif e Teapropirocebsels 106a eath

si de of fer ,if sired by i.nputting and outputting different types
of fl ui dtébgbow%aaiﬁo B C‘Fﬁ@“ 4B o "ie\}Bgﬁﬁea‘é@%Yd%r}%ﬁé‘l&éﬁ@?gﬂgﬂtm@ fth%xszrpl e
the syst prodfly 6alisth 8B oLbuifEQA petifs Of ik BEMNA Findhgifliys the back si de

of the wafer. It should be appreciated that the system1l may utilize the

the u pr e at, the system 100 my utilize
106 and heb 't eungef oIS Ged Rt R U e Rl Pl R R

proxi ni t proxénids healurdehe oafd gByaehyt of expiPEe R A8 rieyRhs ﬁﬂ?%e dhovieh@crai er

in additjon to p:?&c;;asa ng the top and/or bottomof the wafer. This can be
acconpl i DetrietomanRgd dretbsrafadusarpining Heiddaghe whter wateoe anfaemevisatiss t he
bevel edgg;i.k _ od that th Xim heads 106a and
1065, rmyha (P B etk B CrHBEIEES R iRy hPGR ROGT L e R B
heads. [#fi6herbugypes @B anlipustions sshawsi Higeifi 08 $8rel BorV i tRins e eMa 1€ the

pr ocessi ng syst%g] 100 holding a wafer 108 in accordance w th one
enbodi neRfPeTFes Hracihesderiing Hwbatldadso trrappresiased thesthessisienhd ORenay pmdessot at ed

by the gl atiacd 0P 020, 1aNd 0260l BB, Bl L AR S, ELent alion.as 1 ong as

the orientation enables a desited proxim imty
R A N A AL R E RN N
roller 1Q2emen0 B8y Beb He BA LRI SR RY A [ ehEhroBlftsdPeackRfie of the wafer
if desired by inputting and outputting different types of fluids to each of the respective sides
of the wafer. By way of example the system 100 can clean the front side of the wafer and dry
the back side of the wafer. It should be appreciated that the system 100 may utilize the
application of different chemicals top and bottom in the proximity heads 106a and 106b
respectively depending on the operation desired. The proximity heads can be configured to
process the bevel edge of the wafer in addition to processing the top and/or bottom of the
wafer. This can be accomplished by moving the meniscus off the edge the wafer that cleans
the bevel edge. It should also be understood that the proximity heads 106a and 106b may be

the same type of apparatus or different types of proximity heads.

[66]  TFigurc 2B illustrates a side close-up view of the wafer processing system 100 holding
a wafer 108 in accordance with one embodiment of the present invention. The wafer 108
may be held and rotated by the rollers 102a, 102b, and 102c¢ in any suitable orientation as

long as the orientation enables a desired proximity head to be in close proximity to a portion



roller 102a may al so be rotated by its own spindle (as shown in Figure 3B
In one enbodinent, the rollers 102a, 102b, and 102c can rotate in a

cl ockwi se direction to rotate the wafer 108 in a counterclockw se
direction. It should be understood that the rollers may be rotated in
either a clockw se or a counterclockw se direction depending on the wafer
rotation desired. In one enbodinment, the rotation inparted on the wafer
108 by th rol |l er 24, 02b, and 102c serves to move a wafer area that
has not @ﬁ "barf?)rc@slgﬁf i5 it Be BIosesehr Byis qubodiraenthibe elisti 1Ak yavdadstardea

and 106b r r
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accommodate nearly any suitable type of drying path. [67] It should be
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vapor form (al so known as | PA inlet), and at |east oné source outlet
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particul Iy vacuum (al so_ kno as vacuum outl et).
e Shoul iR 1O s ek b0 e AR Bn AR i ALF URATRy LD e
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proximity head 106b, the drying movement may be changed to accommodatc nearly any

suitable type of drying path.

[67] It should be understood that the proximity heads 106a and 106b may be configured to
have at least one of first source inlet configured to input deionized water (DIW) or other
process chemistry (also known as a DIW inlet), at least onc of a second source inlet
configured fo input isopropy!l alcohol (IPA) in vapor form (also known as IPA inlet), and at
least one source outlet configured to output fluids from a region between the wafer and a
particular proximity head by applying vacuum (also known as vacuum outlet). It should be
appreciated that the vacuum utilized herein may also be suction. In addition, other types of
solutions may be inputted into the first source infet and the second source inlet such as, for
example, etching chemistries, photoresist wet stripping chemistries, cleaning solutions,
ammonia, HF, etc. It should be appreciated that although IPA vapor is used in some of the
exemplary embodiments, other tensio-active substance (substances that provide or increase

or decrease a surface tension gradient between a substrate-liquid interface) and nitrogen or



other inert carrier gas may be used to carry the tension-active vapor.
Alternatives for IPA include but are not limted to the foll ow ng:

di acet one, di aceton al cohol, 1-methoxy-2- propanol, ethylglycol,

met hyl - pyrrolidon, ethyllactate, 2-butanol. In addition, any other type of
vapor or gas may be utilized such as for exanple, nitrogen, argon or other
gases, any suitable al cohol vapor, org#&nic conpounds, etc. that may be

m scible with water. [681 In one enbodi nent, the at |east one | PA vapor
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- 6D. |t shizutadiobensienedizal edintdifgerit i en@4 RS tort@Nf dngunéddd 188 ndhidchelocated
| PA-vacyum DIWorientation may be varied depending on the application. For

exanpl e, PetHEEnd Foand bredweda wHer temieandpdidry wakesun] headBVDnas, thsuPA

| ocatio ; 4 t i C [ e. Consi nt_or _sq.the distances
6| nooRRlfisd s e ae RN R AR R L S R BARE e B el
vacuum oaiedtaBoMMsotibipedingtRy Feii éxfagiplé, in ad@gon tuge IPepapst gt ofe Vhgwsi ze,
shape, and configuration of the proximty head 106a and the desired size

of a prGtHslsand RgdHW inlet, in gepdditenal smhpdinmy therg &)ayds adddnpbssts ¢fiPAur t her

detail i 0. Fi .o additjon, dj. di
et or enc AP ERETPEN ) SIS0 PR bRy S Pop fEnALPF BRERS |
conf i gupeskisiityhey@ e Got@rors Hstiankindblimcens Wah AUNES 2@ TEA Wategh vand the

| PA region substantially surrounds at |east the trailing edge region of
t he vactiIM vagivsniP4 eopiher gumer o esthwdiments tidrandP desovtasspletyy aviwwsafree he

war er PLAR&S §1-&d~'§1\§fys%{nec@itjfﬁp cgnrhgurations are described herein with a preferable
embodiment being described in reference to Figure 6D. It should be appreciated that the
exact configuration of the IPA-vacuum-DIW orientation may be varied depending on the
application. For example, the distance between the IPA input, vacuum, and DIW input
locations may be varied so the distances are consistent or so the distances are inconsistent. In
addition, the distances between the IPA input, vacuum, and DIW output may differ in
magnitude depending on the size, shape, and configuration of the proximity head 106a and
the desired size of a process window (i.e., meniscus shape and size) as described in further
detail in reference to Figures 9A and 9B. In addition, as discussed in reference to Figures QA
and 9B, the IPA-vacuum-DIW orientation is configured so a vacuum region substantially
surrounds a DIW region and the IPA region substantially surrounds at least the trailing edge

region of the vacuum region.

[69]  Figure 2C shows another side close-up view of the wafer processing system 100 in

accordance with one embodiment of the present invention. In this embodiment, the



accordance with one enbodi nent of the present invention. In this

enbodi nent, the 13 proximty heads 106a and 106b have been positioned in
close proximty to a top surface 108a and a bottom surface 108b of the
waf er 108 respectively by utilization of the proximty head carrier
assenbly 104. Once in this position, the proximty heads 106a and 106b may
utilize the I'PA and DIWsource inlets dAd a vacuum source outlet(s) to
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the wafer, the proximty heads may he configured to nove in a spiral
manner fl78m t Hee petivenf the RIVE tedgeinahe tdagoimi@eenlf8 pabxiMig RN @hiBthel N

pref erabl e. emhodi ment, when the proximty heads are larger in length than a
radi us Owafph@he meniscus. It shou&d be appreciated %/hat as uscd 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.

{71]  In another exemplary embodiment, the proximity heads 106a and 106b may be
moved in a manner so all parts of the wafer 108 are processed without the wafer 108 being
rotated. In such an embodiment, the proximity head carrier assembly 104 may be configured
to enable movement of the either one or both of the proximity heads 106a and 106b to close
proximity of any suitable region of the wafer 108. In one embodiment, of the proximity
heads are smaller in length than a radius of the wafer, the proximity heads may be configured
to move in a spiral manner from the center to the edge of the wafer 108 or vice versa, In a
preferable embodiment, when the proximity heads are larger in length than a radius of the
wafer, the proximity heads 106a and 106b may be moved over the entire surface of the wafer
in one rotation. In another embodiment, the proximity heads 106a and 106b may be

configured to move in a linear fashion back and forth across the wafer 108 so all parts of the



waf er, the proximty heads 106a and 106b maybe noved over the entire
surface of the wafer in one rotation. In another enbodinent, the proximty
heads 106a and 106b nay be configured to nove in a |linear fashion back and
forth across the wafer 108 so all parts of the 14 wafer surfaces 108a

and/ or 108b may be processed. In yet another enbodi ment, configurations as
di scussed below in reference to Figure 5€ through 5H nmay be utilized.
Consequently, countless different configurations of the system 100 may be
utili zed Waeiongigees 1G§aahd/ar A0 nmepbe piacassednliofet thethwadretrodimentessi ng

or acess ngragEE TG R R b B 1 P FRoLCR S5t e one
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proxi mi t yo hetath A0Guinigatzonpeghe vefer procebsseoaratidnmi ty over the wafer 108.
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in a substantially |inear fashion 113. Consteoguently, I n one enbodi ment, as
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process the wafer 108 in a_ substantially spiral path over the wafer 108.
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accordance W th one enbodi nent of the present invention. In this
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pr ocessi un . of the fer, 108 the .proximty, head 106b
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enbodi nemkough@EBtles. ITHerdfareathd plroﬂiniitg RhO NG Ib P pRCcER theivafdoy 10§ may
rotate the rollers 102a, 102b, and 102e respectively. This rotation of the

rol | ers subgwatialibomival neth ovenige wajerrdBatie andthengaitmdings aschewhsn wftreadelty al |

surfacesrof .t 8. . e esen 0 t.he proximty heads 106a and
106b forFlgr &%%aﬁé?e@r&gi“é%‘ f"gal(:i Cﬁﬁ%S %Ca%eg%ﬁ)od’i’ %n‘?‘?é\/\m% F%/ehfg%pé?)cefﬁs i's
bei ng r osrathe Gotibmeuphoxi0dy ¥f theddsrj06a and 106b are brought to close
proximty of the wafer surfaces 108a and 108b by the arns 104a and 1046

{73] Figure 3B illustrates a side view of the wafer processing system 100 with dual
proximity heads in accordance with one embodiment of the present invention. In this
embodiment, the system 100 includes both the proximity head 106a capable of processing a
top surface of the wafer 108 and the proximity head 106b capable of processing a bottom
surface of the wafer 108. In one embodiment, spindles 111a and 111b along with a roller
arm 109 may rotate the rollers 102a, 102b, and 102¢ respectively. This rotation of the rollers
102a, 102b, and 102¢c may rotate the wafer 108 so substantially all surfaces of the wafer 108
may be presented fo the proximity heads 106a and 106b for drying and/or cleaning. In one
embodiment, while the wafer 108 is being rotated, the proximity heads 106a and 106b are
brought {o close proximity of the wafer surfaces 108a and 108b by the arms 104a and 104b
respectively. Once the proximity heads 106a and 106b are brought into close proximity to
the wafer 108, the wafer processing may be begun. In operation, the proximity heads 106a
and 106b may each move/remove processing fluids from the wafer 108 by applying IPA,
deionized water and vacuum to the top surface and the bottom surface of the wafer 108 as

described in reference to Figures 6A-GF below.



respectively. Once the proximty heads 106a and 106b are brought into cl ose
proximty to the wafer 108, the wafer processing may be begun. In
operation, the proximty heads 106a and 106b may each nove/renove
processing fluids fromthe wafer 108 by applying I PA, deionized water and
vacuumto the top surface and the bottom surface of the wafer 108 as
described in reference to Figures 6A-6F Below. 15 [741 In one enbodi nent,
by using &g proxi mty heads 106a and 106b, the system 100 may, for

exanpl e, ﬁ alo0s sodEREr, bwsing thepremimity headoHibe.and A 0anshherstenbedi nent

where th | g | 106h t | east di us of the waf
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opti mal prEWEEReMghs prasdmity heatsd (6nisnd il BEntnay bhatifeakivith b fadaadsedQ6aioand
106b may i I oma center region of the wafer 108 to the edge of
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includes nultiple proximty heads for a particul arl&gurfa e of th
108 in adeeblgdreoniind porressingdrodi neneneofmbdigmpnie fentrozimigritdadn 1 0damntihi s

enbodi ne t.em 100-1 includes an. uppe m 104a-1 and an_upper arm
Toaa 2 AL RS ARV AT Boet S 65 o8 Brinebbiter Bl Rz dldbmarr SUeat ar m
104b- 1 anetvicanabod Al séc Ao 8658 S0t AmYPXidahly heads 106b-1 and 106b- 2
respectively. In the system 100-1, the proximty heads 106a-1 and 106a-2

| 5 2 i f f ing i
bor g coniet ot e dlhyd Q88 fel ot 80 Bropa L R A% PRl ke nats

processi nyléplparddimity headsubf apatiofilat heravabhehe &8s 108 RGRSSHIRS Wi on@y be
cut to abogt .halfwgé1 the time. Therefore, in operation, while the wafer
108 is roraednent pleths pEsentiipyentienddn tosemhodingsh iz sys@6bl00-1 andudes6h- 2
start pf S h ( [ -fhe genter of t fer 108 and nove
outvar d e Lot Spoer (AL 168 SRR aThut B 1R Sy FET 8

f ashi on. mhpirtdhide loays aras 1 04te] bed RiweeRrd 12485 dohBectBloqiro BBt dang$06Y-1

regions zglfd IJ[O%%—Z\Agfsgécti%’gg. ih? thpc:rs())/é(‘tienrzi lt()%—i,\,nt;[lg p;o?(iemlpt)r/ gé&idgl l%ga—qezi?l?isl 025(1)—2a(§s te
well as 106b-1 and 106b-2 if top and bottom surface processing is being conducted) work in
conjunction so, by having two proximity heads processing a particular surface of the wafer
108, processing time may be cut to about half of the time. Therefore, in operation, while the
wafer 108 is rotated, the proximity heads 106a-1, 106a-2, 106b-1, and 106b-2 start
processing the wafer 108 near the center of the wafer 108 and move outward toward the edge
of the wafer 108 in a substantially linear fashion. In this way, as the rotation 112 of the
wafer 108 brings all regions of the wafer 108 in proximity with the proximity heads so as o
process all parts of the wafer 108. Therefore, with the linear movement of the proximity
heads 106a-1, 106a-2, 106b-1, and 106b-2 and the rotational movement of the walfer 108, the
wafer surface being processed moves in a spiral fashion from the center of the wafer 108 to

the edge of the wafer 108.

[76]  In another embodiment, the proximity heads 106a-1 and 106b-1 may start processing
the wafer 108 and after they have moved away from the center region of the wafer 108, the

proximity heads 106a-2 and 106b-2 may be moved into place in the center region of the



process all parts of the wafer 108. Therefore, with the |inear novenent of
the proximty heads 106a-1, 106a-2, 106b-1, and 106b-2 and the rotational
novenent of the wafer 108, the wafer surface being processed noves in a
spiral fashion fromthe center of the wafer 108 to the edge of the wafer
108. [761 I n another enbodinent, the proximty heads 106a-1 and 106b-1 may
start processing the wafer 108 and aftef they have noved away fromthe
center region of the wafer 108, the proximty heads 106a-2 and 106b-2
maybe novederi 98 do prgmsentiim wafee peenseng opgatomsofThitedore fthe waffeprd@ssitptimegment

in wafer praocessing .operatigns. Therefare, the .wafer processing tine may
be decr e BREBCegisA S Fointly Dy urig milfpreipiiidicnts { masss  PetbhBEess 4
parti cul anferwafgde surface. [77] Figure 4B shows a side view of the wafer
processi ng system 100-1 which includes nultiple proximty heads for a
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top surface 108a of the wafer 108, and proximty heads 106b-1 and 106b-2
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system 10QQ, :SPRIN I I 11l b al on ith a rol]ler ann 9 y
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rollers He2eaferl@BhandpdxkRiachemy 1 068-atagd tiDsb-Walapsibld 88psRcEilshanbiah! y al |
surfaces of the wafer 108 may be brought in close proximty to the

proxi mi t $irfeadedt obihe walargds- As indehsystem 400 thoghadles brlagatidrl 1brlooessing

operatio i ac f e proximty heads.l106a-1, 1lQ6a-2,
Cbebe 1 ARk S 108 BBl RO ol BACTOAL OIS SRl WA Rt RS T Biton e oat o
108 by amplytiorg 10RA02E 12001 2BImMRTEhte tROGa%RAQOE Y kebstdiRialiPRI SRS 6f Rd t he

bottom surface of the wafer 108 as shown, for exanple, in Figures 6A

t hr ough S#er B)8 mayibaGrausbt isrcdsdermireyinhaadhppioximite heass d@6a-l hE06aafl8pb-1,
processi rag i i.e ..Cleanin drying, etching, deposition, etc.)
may be %%clg}r&rgl%k%é%@ﬁ%%?%ﬂﬁ%ﬁ”ﬂ? |l ess tine. It should be appreciated

that as w,fh the wafer racessi ng .system described in reference to Figures
3A and. 3881 { 1o BpBer ol RO TR EP N PRt S eyl 08 2 APFd 19, WYY abl o

speed as;hangodsrdli& R dsGHE ALl SR AR $56P1 8PE fg PR 84655 Jatel N ONE
enbodi rreril) , the wafer cigr oces%| ng tine rraya%%e @%J %%ngl EV\%eh ﬁa?‘lf an
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example, in Figures 6A through 8B. By having two proximity heads per wafer side, the
walfer processing operation (i.e., cleaning, drying, etching, deposition, etc.) may be
accomplished in substantially less time. It should be appreciated that as with the wafer
processing system described in reference to Figures 3A and 3B, the speed of the wafer
rotation may be varied to any suitable speed as long as the configuration enables proper
wafer processing. In one embodiment, the wafer processing time may be decreased when
half a rotation of the wafer 108 is used to process the entire wafer. In such an embodiment,

the wafer processing speed may be about half of the processing speed when only onc

proximity head is utilized per wafer side.

[79]  [igure 5A shows a top view of a wafer processing system 100-2 with a proximity
head 106a-3 in a horizontal configuration that 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 is held by an upper arm 104a-3 that extends across a diameter of the
wafer 108. In this embodiment, the proximity head 106a-3 may be moved into a processing

position by a vertical movement of the upper arm 104a-3 so the proximity head 106a-3 can



the waf er processing speed may be about half of the processing speed when
only one proximty head is utilized per wafer side. [79] Figure 5A shows a
top view of a wafer processing system 100-2 with a proximty head 106a-3
in a horizontal configuration that extends across a dianmeter of the wafer
108 in accordance with one enbodi nent of the present invention. In this
enbodi nent, the proximty head 106a-3 is held by an upper arm 104a-3 that
extends across a dianeter of the wafer 108. In this enbodi nent, the

proxi mit 96 h?eaapIOSi@tﬁathzt ivaly close powEdity tit e avaferddés Sineg thepmekiniinhdag 186a-3

vertical . ment of .the up m 104 3 so the proxim head_ 106a-3 can
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proxi m ty,.heads 16ax3plds i n cl ose prOXI mty to the wafer 108, the wafer
processi ng operation of a top surface of the waf er 108 can take pI ace

[80] Fig 5 i de.,view o roce55| n St
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arm 104a and a bottom arm 106b-3 respectively. Because the proximty heads
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rotation s, t he er 811 Fl yre 5C shqws a top
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and 106bB&aust e I@m;mpm&dsqmﬁegwdaﬁasem méamd@ss@mwum@ dn®y RRPbH ONe
or nore fabrication processes to the wafer 108 that is statlonary in

accor danf¢l rafetian e beawbdndi trwmcess thehveafpr E8ent i nvention. In this
enbodi ment, the wafer 108 may be held stationary by any suitable type of
waf er ho[ISdi} ngFigenc eslwuch @p vidwof exalfplpeoceasingsigengt (3 with thgereximityh edge

attach roximty head carrier assenbly 104"' is configured
to be %ft ]eo‘#"’r %m%k@%e%jgba ber4HE P BFUTaBe WhIBIS AR HAEPEY BE o he

waf er 1Q§ IICQ”alﬁJEatl‘Sggﬁ)cg%E Qﬁthg & %Sqtﬁatqg ﬁ&HS Fifilac ﬁ %t\’ﬁB’l&{ QLossing the

entire wa |on r0|mty 6a- 3 and/ or
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fingers with edge attachments, etc. The proximity head carrier assembly 104™ is configured
to be movable from one edge of the wafer 108 across the diameter of the wafer 108 to an
edge on the other side of the wafer 108 after crossing the entire wafer diameter. In this
fashion, the proximity head 106a-3 and/or the proximity head 106b-3 (as shown below in
reference to Figure 5D) may move across the wafer following a path along a diameter of the
wafer 108 from one edge to an opposite cdge. It should be appreciated that the proximity
heads 106a-3 and/or 106b-3 may be move from any suitable manner that would enable
moving from one edge of the wafer 108 to another diametrically opposite edge. In one
embodiment, the proximity head 106a-3 and/or the proximity head 106b-3 may move in
directions 12] (e.g., top to bottom or bottom to top of Figure 5C). Therefore, the wafer 108
may stay stationary without any rotation or movement and the proximity heads 106a-3 and/or

the proximity head 106b-3 may move into close proximity of the wafer and, through one pass

over the wafer 108, process the top and/or bottom surface of the wafer 108.



waf er 108 from one edge to an opposite edge. It should be appreciated that
the proximty heads 106a-3 and/or 106b-3 may be nove from any suitable
manner that would enable noving fromone edge of the wafer 108 to anot her
diametrically opposite edge. In one enbodinent, the proximty head 106a-3
and/or the proximty head 106b-3 may nove in directions 121 (e.g., top to
bottom or bottomto top of Figure 5C). Therefore, the wafer 108 nmay stay
stationary without any rotation or novenent and the proximty heads 106a-3
and/ or {84 prhogiretDyshbwad sii6hesd offawafenpeodenting sysasie 1p0-0xvith thy pedxitbte

waf er and, r.augh ss .over the fer. 108, process the top and/or
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st at i onal®¥¢li nFatrotE slimve awith visneofontoldi pratssofg sybternpri§sépithithy prokimity | n

t hi di th imty. heads. 106a- 3 d, 106b-3 i t.ical
cont 1 gur B T0b42 ah RaS 4 Ml adiataiBs 2o & moene Sdrae B it oa 10
nove ei taigiodaFPi dcebldad@ WitldBhe ei@bodinRAt &1t B brekht ihRhntion PEOILIVURShHiH o8P

first edge of the wafer 108 to a second edge of the wafer 108 that is
di anet r i Gaprexioppydsidsel 06e-} dnd iobst aredye veiTiver@hbfgeratipn, swiche poxenitpdi nent
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and 104b-3 across the wafer from one edge to another so the wafer 108 may be processed in

one pass thereby decreasing the time to process the wafer 108.

[84]  Figure 5F shows an alternate side view of a wafer processing system 100-4 that is
shifted 90 degrees from the side view shown in Figure 5E in accordance with one
embodiment of the present invention. It should be appreciated that the proximity head
carrier assembly 104" may be oriented in any suitable manner such as for example, having
the proximity head carrier assembly 104™ rotated 180 degrees as compared with what is

shown in Figure 5F.

[85]  Figure 5G shows a top view of a wafer processing system 100-5 with a proximity
head 106a-4 in a horizontal configuration which extends across a radius of the wafer 108 in
accordance with one embodiment of the present invention. In onc embodiment, the
proximity head 106a-4 extends across less than a radius of a substrate being processed. In
another embodiment, the proximity head 106a-4 may extend the radius of the substratc being

processed. In a preferable embodiment, the proximity head 106a-4 extends over a radius of



carrier assenbly 104"' may be oriented in any suitable manner such as for
exanpl e, having the proximty head carrier assenbly 104"' rotated 180
degrees as conpared with what is shown in Figure 5F. [85] Figure 5G shows
a top view of a wafer processing system 100-5 with a proximty head 106a-4
in a horizontal configuration which extends across a radius of the wafer
108 in accordance with one enbodi nent o§ the present invention. In one
enbodi ment, the proximty head 106a-4 extends across |ess than a radius of
a subst r dhewhisr hoS pry begssaiitylhwad angipharesedip tenenter poine o pthexiafiit WShead
106a-4 may .extend the radi.us of the substrate being processed. In_a
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brought to close proximty of the wafer surfaces 108a and 108b by the top
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the proximty heads 106a-4and 106b-4 exter acro reater than the.radius
of t he vl aag § iGor BT BB o ina) tee HeenBa Tt 6np oeedErent i las er
108. the wafer 108 is being rotated, the proximity heads 106a-4 and 106b-4 are brought to close

proximity of the wafer surfaces 108a and 108b by the top arm 104a and a bottom arm 106b-4
respectively. Because in one embodiment, the proximity heads 106a-4and 106b-4 extend
across greater than the radius of the wafer 108, only a full rotation may be needed to process

the wafer 108.

[87] Devices and surfaces such as the proximily heads 106a-5 and 106b-5 that are used in
close proximity to the wafer 108 surface or edge and participate in (i.e., bound) one or more
of the meniscuses 106a-6 and 106b-6 so as to assist in forming the meniscuses can be more
efficient in moving the liquid contents of the meniscuses if an increased surface tension
gradient is present. By way of example, the surface tension gradient can be increased when
the proximity head has a lower surface tension than the wafer. The surface tension gradient
can be greater because the wafer [08 is more hydrophobic than the proximity heads 106a-5
and 1006b-5. A hydrophobic material has less attraction (e.g., higher surface tenston) for a
selected liquid. A hydrophilic material has a greater attraction (e.g., lower surface tension)
for the selected liquid. By way of example, if the proximity heads 106a-5 and 106b-5 have a

lower surface tension (e.g., more hydrophilic) for the liquid contents of the meniscus 106a-6,



[87] Devices and surfaces such as the proximty heads 106a-5 and 106b-5
that are used in close proximty to the wafer 108 surface or edge and
participate in (i.e., bound) one or nore of the neniscuses 106a-6 and
106b-6 so as to assist in formng the neniscuses can be nore efficient in
noving the liquid contents of the nmeniscuses if an increased surface
tension gradient is present. By way of 2exanple, the surface tension

gradi ent can be increased when the proximty head has a | ower surface
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orientation 119 that may be utilized to apply a fabrication process to the
waf er 108°PpHseedddfte with one enbodi ment

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

304 and the source inlet 306.

[91]  Figure 6C shows a further proximity head inlet/outlet orientation 121 that may be
utilized to apply a fabrication process to the wafer 108 in accordance with one embodiment
of the present invention. In one embodiment, the orientation 121 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 inlet 306 on a leading edge 109 with a source inlet 302 in between the source outlet

304 and the source outlet 306.



of the present invention. In one enbodinent, the orientation 119 is a
portion of a proximty head 106a where other source inlets 302 and 306 in
addition to other source outlets 304 may be utilized in addition to the
orientation 119 shown. The orientation 119 may include a source outlet 304
on a |l eading edge 109 with a source inlet 302 in between the source outl et
304 and the source inlet 306. 1911 Fi gutle 6C shows a further proximty head
inlet/outlet orientation 121 that may be wutilized to apply a fabrication
process 21t h&'igwae 6P illgBrates aquelsrabdmoebedimbniorfanexbwgiare maler g yingprogess ent
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| east one of the source inlet 308. The IPA may be In any suitableé form such
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processi Hgn U RnRsce HY wEAAPTRIcCositiBd.Eh 2DYS! SlaGihid Ry RLNKE AMYMR other ways,
cleaning fluids, and other processing fluids and chemistries. In one embodiment, an IPA
inflow 310 is provided through the source inlet 302, a vacuum 312 may be applied through
the source outlet 304 and DIW inflow 314 may be provided through the source inlet 306.
Therefore, an embodiment of the IPA-vacuum-DIW orientation as described above in
reference to Figure 2A is utilized. Consequently, if a fluid film resides on the wafer 108, a
first fluid pressure may be applied to the wafer surface by the IPA inflow 310, a second fluid
pressure may be applied to the wafer surface by the DIW inflow 314, and a third fluid
pressure may be applied by the vacuum 312 to remove the DIW, [PA and the fluid film on

the wafer surface.

[93] Therefore, in one embodiment, as the DIW inflow 314 and the IPA inflow 310 is
applied toward a wafer surface, any fluid on the wafer surface is intermixed with the DIW
inflow 314. At this time, the DIW inflow 314 that is applied toward the wafer surface
encounters the IPA inflow 310. The IPA forms an interface 118 (also known as an IPA/DIW

interface 118) with the DIW inflow 314 and along with the vacuum 312 assists in the



cl eaning fluids, and other processing fluids and chem stries. In one

enbodi nent, an IPA inflow 310 is provided through the source inlet 302, a
vacuum 312 may be applied through the source outlet 304 and DI Winflow 314
may be provided through the source inlet 306. Therefore, an enbodi nent of
the | PA-vacuum DI Worientation as descri bed above in reference to Figure
2A is utilized. Consequently, if a fluig8 filmresides on the wafer 108, a
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substantially the same tine with any fluid on the wafer surface. The nearly

i mredi at & &) ertheadovotward enj Bitiahf ofd At wdifseronsaim fleoecipsensdits the formati on
of fluid droplets on the region of the wafer surface being dried thereby
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out put fnrrc(l)krpné Eg tl%rlgﬁlg}\%/yin&eﬁgé 118 is not a continuous boundary because gas (e.g., air) is
being pulled into the source outlets 304 along with the fluids. In one embodiment, as the
vacuum from the source outlet 304 pulls the DIW, IPA, and the fluid on the wafer surface,
the flow into the source outlet 304 is discontinuous. This flow discontinuity is analogous to
fluid and gas being pulled up through a straw when a vacuum is exerted on combination of
fluid and gas. Consequently, as the proximity head 106a moves, the meniscus moves along
with the proximity head, and the region previously occupied by the meniscus has been dried
due to the movement of the IPA/DIW interface 118. It should also be understood that the
any suitable number of source inlets 302, source outlets 304 and source inlets 306 may be
utilized depending on the configuration of the apparatus and the meniscus size and shape
desired. In another embodiment, the liquid flow rates and the vacuum {low rates are such

that the total liquid flow into the vacuum outlet is continuous, so no gas flows into the

vacuuin outlet.

[95] It should be appreciated any suitable flow rate may be utilized for the [PA, DIW, and

vacuum as long as the meniscus 116 can be maintained. In one embodiment, the flow rate of



Therefore, as the IPA and the DIWis pulled into the source outlets 304,
the boundary neking up the IPADIWinterface 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 enbodi ment, as the vacuumfromthe
source outlet 304 pulls the DOW |IPA and the fluid on the wafer surface,
the flowinto the source outlet 304 is dsscontinuous. This flow
discontinuity is analogous to fluid and gas being pulled up through a
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utili zedodi@ntaiRAIMEENA) I8 conducted by a proximity head 106a in accordance with one
embodiment of the present invention. In this embodiment, the proximity head 106a may be
moved over the top surface 108a of the wafer 108 so the meniscus may be moved along the
walfer surface 108a. The meniscus applies fluid to the wafer surface and removes fluid from
the wafer surface thereby cleaning and drying the wafer simultaneously. In this embodiment,
the source inlet 306 applies a DIW {low 314 toward the wafer surface 108a, the source inlet
302 applies IPA flow 310 toward the wafer surface 108a, and the source outlet 312 removes
fluid from the wafer surface 108a. It should be appreciated that in this embodiment as well
as other embodiments of the proximity head 106a described herein, additional numbers and
types of source inlets and source outlets may be used in conjunction with the orientation of
the source inlets 302 and 306 and the source outlets 304 shown in Figure 6E. In addition, in
this embodiment as well as other proximity head embodiments, by controlling the amount of
flow of fluids onto the wafer surface 108a and by controlling the vacuum applied, the
meniscus may be managed and controlied in any suitable manner. For example, in one

embodiment, by increasing the DIW flow 314 and/or decreasing the vacuum 312, the outflow



flowrate of the IPA, DIW and the vacuum [98] Figure 6E shows anot her

waf er drying process using another source inlet/outlet orientation that
may be conducted by a proximty head 106a in accordance with one

enbodi ment of the present invention. In this enbodinent, the proximty head
106a may be noved over the top surface 108a of the wafer 108 so the

meni scus nay be noved along the wafer gsurface 108a. The neni scus applies
fluid to the wafer surface and renoves fluid from the wafer surface
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106 may also be utilized to process (e.g., clean, dry, ete.) the bottom surface 108b of the
wafer 108. In one embodiment, the wafer 108 is rotating so the proximity head 106 may be
moved in a linear fashion along the head motion while fluid is removed from the top surface
108a. By applying the IPA 310 through the source inlet 302, the vacuum 312 through source
outlet 304, and the deionized water 314 through the source inlet 306, the meniscus 116 as

discussed in reference to Figure 61D may be generated.

[101] [Iigure 7B shows a top view of a portion of a proximity head 106 in accordance with
one embodiment of the present invention. In the top view of one embodiment, from left to
right are a set of the source inlet 302, a set of the source outlet 304, a set of the source inlet
306, a set of the source outlet 304, and a set of the source inlet 302. Therefore, as Ny/[PA
and DIW are inputted into the region between the proximity head 106 and the wafer 108, the
vacuum removes the N,/IPA and the DIW along with any fluid film that may reside on the

wafer 108. The source inlets 302, the source inlets 306, and the source outlets 304 described



108a of the wafer 108. [1001 Figure 7A illustrates aproximty head 106
perform ng an exenplary drying operation in accordance with one enbodi nent
of the present invention. The proximty head 106, in one enbodi ment, noves
while in close proximty to the top surface 108a of the wafer 108 to
conduct a cleaning and/or drying operation. It should be appreciated that
the proxinmty head 106 nay al so be utiRPzed to process (e.g., clean, dry,
etc.) the bottom surface %%g& of the wafer 108. In one enbodi nent, the
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108a. By% %%?;?F%gn@%y gﬁ‘r"gel%’ﬂ‘t@r‘%gﬁthh’t ﬁg“}scb%&}élgg%:@%&{j 3@5]5‘5‘5] ¢s00rc® 312

t hrough satlete 804 batd dicub4pedings.t he dei oni zed water 314 through the source
inlet 306, the nmeniscus 116 as discussed in reference to Figure 6D may be

gener at eq10231 @12, ERAUNIBs /R SOUS vRw SIRKY j)f%WiIﬁ]{ty AeRR0b ARd POGIRFRLOXInY Iy

head 106 in accordance with one enbodinent of” the present invention. In
the top dudwaskr onice plvsdisingysteqir immct@fiandeovith bghtmbedmantseitthopresde sour ce

inlet 302, a.set.of.th ource outl et 304, a_set of the squrce_inlet 306,
Lot of iBiGE st BNy e bt SR a0 Dt G Btk NedBA And
Ther ef or g 4 : 2l i i ' :

or ot 1t D oo Uik Bbccaiite My RCS ARy pRRe b 16, 0L0R PRUBRRIIE

the DI W ahawgn, e incpingust 1 16imay b ganetadd. iaypddgpinden te stdeef thadoarcelioRt 306e

source inlets 302, .the source jnlets 306, and the source outlets_ 304
descr i beap%“eﬁa%af Hemgyreg it %ngs EWC Wy g F(seutes patler30gde sepeye RIWHRnddo £ or

exanpl e, k&dp B¥hRhiseREM IWtact SAYAIE bR, i - e j t
source inl ep{s ?}0211 and 306ta§hd theS Lééog%?gﬂémbht%@tegh%gﬁﬂﬁgi/@gg?éﬂg% e{?ts 30

openi ngsand 3@PhaFbgutibz@iNor NpdiBANafles 340 shd®IW eMloof 3 tdhesproxélpinthyletieads
106 and 106b fao in.a .dual wafer surfagc rocessi ng systemin

accor dant®@" ?LH{% ﬁ@fa}%&a iquﬁ?‘l E?fappﬁ’evaﬁf‘%@;ﬁ- F}F ﬁ\?éﬁjt ‘?eoﬁﬁprq%t%ﬂhét any

embodi MegfisabRYconFiddRtifh of YH&Eintdld §68 sg‘@%e %PHG’[?’Q@{I Eﬁd écﬂ,ﬁ)&ginmgi(%bm ge DIW
(or other processing fluids) respectively along with the source outlet 304

t o providdizzgd. Facaxemplt e penimtybedibd Odand 186y engriated cohfiguastitint o faonraen
t he si de. ?f t he source, |

i nl.et 306 _opposite that of the source_inlet 302,
there nmayiqhe? %*a%ecfé‘t‘&tﬁqll@tth%mﬁ%rﬁ&ﬁﬁéﬂﬁr@@/a&ﬁae torefarenss 19 R A cus

116 i nt aghs 7S RIGHRS Gy ARRYE ideﬁ&YHf?}tee?ﬁb%Sjﬂég‘ ' : | - 3P2
and 306 may be util | zéd ¥or NZIEIInPA infléw 31 %@ﬁ%%?\?%ﬁf%df?ﬁ}gc 5F
r espect i yeinfigntitioe o lskows dbelvseinaufcr@ice 80RBigeys dethubidh E8d Agy appble vacuum
312. It should be aPtpreci ated. that any _

surface coming ihto contact with the meniscus 116 may be dried by the movement of the

meniscus 116 into and away from the surface.

{103] Figure 8B shows the proximity heads 106 and 106b in a dual wafer surface
processing system in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106 processes the {op surface 108a of the wafer 108, and
the proximity head 106b processes the bottom surface of 108b of the wafer 108. By the
inputting of the No/IPA and the DIW by the source inlets 302 and 306 respectively, and by
use of the vacuum from the source outlet 304, the meniscus 116 may be formed between the
proxumity head 106 and the wafer 108 and between the proximity head 106b and the wafer
108. The proximity heads 106 and 106b, and therefore the meniscus 116, may be moved
over the wet arcas of the wafer surface in a manner so the entire wafer 108 can be processed

(e.g., cleaned, dried).

[104] Figure 9A illustrates a processing window 538-1 in accordance with one embodiment

of the present invention. In one embodiment, the processing window 538-1 may include



suitabl e configuration of source inlets 302, source outlets 304 and source
inlets 306 may be utilized. For exanple, the proximty heads 106 and 106b
may have a configuration of source inlets and source outlets |ike the
configuration described above in reference to Figures 7A and 7B. In
addition, in yet nore enbodinents, the proximty heads 106 and 106b may be
of a configuration as shown below in réfterence to Figures 9A through 10B.

Any suitable surface comng into contact with the nmeniscus 116 may be
dried byMHelEsounretiesf0? pad 3opmddsamuitile pruscaomicilis fismresrssisar f ace.

03 [ h ] L0 6 i f
curfnce RSP AR el B REL Rty RERER ] R o0 R AR MR AP R e

i nvent i oRereln) thdlinsay @Rb@e aIdontrb h@e PR dilits)zeliead ak@PoPho essess t he top
surface 108a of the wafer 108, and the proximty head 106b6proces$es t he
bot t om suPfrgEuedhe pogBssHis vindowa3sr ! meg beByegipe that dper 3 valsr dfthe hwxigity PA

and the : . i.n]ets 302 and, 306 respecti vel and by. use of
the vaculrit U hIEEB R b B e PR e BT B Vened e Ynhis
bet ween she 1 ipi extismntiliPeRenk0fr aghe! Meshvaliase HBRcARM et e eRe bhthepr oxi m ty
head 106b and the wafer 108. The proximty heads 106 and 106b, and

t her ef or Brocpsingewindewsd 3816(or gay other srotable provassing manduwey degceibed bérenh enaydicer
surface ] . he,.entire wafer, 108 can be processed (e.g.,
cleaned,élrg%%?gqﬁﬁﬁi?miﬁxﬂﬁzﬁﬁﬁF?ﬁ%ﬁ%??%ﬁ%@wg processi ng wi ndow 538-tin

accordanﬁﬁ Tjhh one_enbodi ment of,ghe,present i nvention. In one
enbodi meH>! t REUpT 8 SL&iTtsS RiSHeRSW 388 crrcWay PioRessigevizdow mdPd ilascdice
inlets 302h2Rd c3B8dANG: BF 8 Jialehi iHL&ltﬁ)glp Lh(ef gag %E&% et the JidEeLm@SARESRY

wi ndow 538-1 is a region on a proximt 'or any ‘other proximty
head r ef Ef&hoey intledemajtipi® sduromin]lqge B aid3 @Endhdaddt moltipldwwusdtapelearid4si ze
(e.qg., afeaérof t he | nisggs 116. . Therefore, the processing w ndow 538-1
may be alMEOEFSIMAYNAPY &S Maregion pndhepioxmitnhead 10hdaranyouherdraedited t o

be used ﬂéﬁd%%?en@@@ﬂeﬁ%m&kﬁt %ﬁf gggé}gfl%ia%r&n '%ﬂge RGeS Y lnﬁe? W gp38-11s

a substantially rectangular s t shou e appreciate at "the size
of the prosesgiwigdow 3d8\R h3Bbda (eyiornthyit ddidyer wsfer tfald propimicelsidnigdovs ndow
descri be heéeiﬁ% ngy he any suitable length and width (as seen froma top
view) . [468%¢ B Hurssd apthat maghsrade engcwhpdient it pipcesseyafop P8 esisitng

W ndow 53812, 11, AG& wi th one enbodi nent of the present invention.
In one enb% ?ﬁeﬁ?ﬁ ?Eﬂgp gbessing w ndow 538-2 may include nmultiple source

inlets 3[986]anlglg§1%61 Oa\nglu%‘tlrgtgs ALY (|e>;[e| pllgrysp?’g)gi?n?tyq%gcli ?580,%19 gécordance with one
embodiment of the present invention. Figure 10B illustrates a sectional view of the
proximity head 1000, in accordance with one embodiment of the present invention. The
proximity head 1000 includes multiple process chemistry inlets 1004, multiple IPA inlets
1002, multiple IPA vapor inlets 1008 and multiple vacuum outlets 1006. The various inlets
1002, 1004, 1006 and outlets 1008 are arranged around a sensor 1020. The sensor 1020 1s a
metrology sensor that can evaluate the progress of the fabrication process being applied by

the processing head 1000,

[107] The sensor 1020 can be any type of sensor that may be useful within the proximity
head 1000. By way of example, an in-situ metrology sensor can monitor an etch process to
determine if the material desired to be etched away has been fully removed or partially
removed according to the desired result. The sensor 1020 can include one or more of the
following exemplary types of sensors: eddy current sensor (¢.g., for measuring metal and

other compatible materials), scatterometry (e.g., for particle or topography measurements),



The processing wi ndow 538-2 is a region on the proximty head 106 (or any
other proximty head referenced herein) that nay generate and control the
meni scus 116. Therefore, the processing w ndow 538-2 may be a region that
dries a wafer if the proximty head 106 is desired to be used in that
manner. I n one enbodi ment, the processing wi ndow 538-2 is a substantially
circular shape. [106) Figure 1 QA illusffates an exenplary proxinity head
1000, in acc rda ce wi th on enbodi ment. of the present invention. Figure |

OB i | | usCPHfaR4n %f@eleitrémére CERRMSSTYH e fgasasitts filne Huckroeo, anpny ether dhnce
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sensor 182&imitPBcRENRO! inle0rdafcwitiBhé &h@&iﬁnt%ﬁp§ﬂfle }Jﬂa@%nﬁ%n%\ﬁﬁl %tu the

progress of the fabrication process bei ng applied e processi ead
1000. [ 10¥E3 sivwes & egvsional 00 of the henisouy 11 Qtp)ﬁnmredwms@pmmmty eyl Ihi)@()umef ul

wi thin the y head ,1000. of exanpl an.in-situ, nmetrol ogy
sensor ¢ %COES{?HF? gr‘th afeé ﬂdﬁed](t,@gg%tpée%ﬂ%lﬂ’é?‘moﬁe ﬁ‘F sl &99 Hiclulegtr ed to
be et cheey M@Mltm&ghﬁﬁmdzubﬁéf E}{%fm%ﬁcﬂ f2h o to

t he de5|rég result.” The senso? cgn FE@?%E@%%%?}@?H%§§%5%§8EﬁghQﬂs

f ol | owi ngo exenpling pracygeég diensgnsios: theddyiscuyr Yi@dtbesesenahe fersgr and the

measurin t and hﬂir conpatible materials), scatteronetry (e.g., for
particle 8 Pﬁﬁﬁ& asurenents), 27 optical interferonmetry or
reflectoneter for neasurln?gflln1th|ckness) and any other of the

vari ous @Haboﬁﬁw@tf E¥UPPYS. et 10Hheandreer Rbryvantic sensaethekian eused farne

art. [108).f %&ﬁ an, &x cus 1100 forned
by the pr%)?:r%ﬁa?b c}ﬁ %%%te%lfe%&g%t anc W(feﬁggﬁgglgﬁ’blgg?néh? %9f the
present émb@titibon thefirguinsity m&wb@m Bpreat beRplockisaw R white 10BNIrsGYs 1100
formed by _the proximty head 1000, in accordance wi th one enbodi nent of

the presdficlivnyuhtimsly; apeh merestisguitascohishe codesntration gf gich ¢hemisay trasgi on
1102 wh i,S..I v so that, t he s 0,has no
|nterveﬁ%§ghgﬁ%%% g#ﬂﬁgg %ﬁ@?ﬁma i%ntﬁgrﬁ%ﬁ?%gjs ¢ 4pplip ge&ﬁéﬁﬂﬁPﬁ@ sensor
and t he resurvédfemahic th€acsalfele &Q@r 104.08 b &YsenayinffilexasRusmdfieassnsor 1020
can be a fiber optic sensor that can be used for |aser or broadband

opti cal %Cﬁ?l@?lﬁ%lﬁé Rithgonticghintgséeretngirg nthe dry ¢asgsiabregiono 02| witlonw the

interference typically caused by a thin liquid film. Rotating the wafer and scanning the
proximity head 1000, and therefore the sensor 1020, across the wafer 108 can provide an in-

situ scan of the entire surface of the wafer, as the proximity head processes the wafer.

[110] The sensor 1020 can also provide real time feedback of the etch process. Providing
the real time feedback to a control system that controls the etch process will provide a closed
control loop of the etch process. The closed loop control of the etch process can allow the
control system to interactively adjust the etch process in real time. Any of the multiple etch
process vartables can be adjusted including head position, concentrations, resident time, flow
rates, pressures, chemisiry and other process variables. In this manner more precise process
conirol 1s provided. A more precise process control allows ever more concentrated etch

chemistries to be used, which in turn reduces the process time of the wafer to a minimum.

[111] The in-situ, real ttme control of the process can also enable a variable process to be
applied to the surface of the wafer such as to correct for a non-uniformity during the
processing of the wafer. By way of example, if in an etch process, the sensor can detect a

thinner film in a first region of the wafer 108 and a thicker film in a second region. The etch



enbodi ment, the proximty head 1000 can apply an etch process to the wafer
108. To be effective and tinely, an etch process requires a higher
concentration of etch chem stry than would typically be used in a nultiple
waf er batch process to be applied to the filmto be renoved fromthe
surface of the wafer 108. A precise in-situ film nmeasurenent can be
acconpli shed by the optical interferone#fy in the dry central region 1102
wi thout the interfer ical|y caused by a thin liquid film_ Rotating

nge typical . .
the waf e &1& ?Sﬁ’ﬁﬁ?%ge gﬁ@m‘ﬁﬁﬂ S Kehctalbdemisiigeansanisstioneresenasens or
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Provi di n% the real tjne feedback to a control _s?/stemthat controls the
et ch pr oCEEPTHF SEPBUsHE the waksdds thasehyr vibstpdgotininating e npebess. The

cl osed | Q%P(Sc/eggh{;g{set@%fﬁltQ%Oﬁteghfop{l&g_ﬁﬁﬁpo{%% -allowthe control systemto

. t . .
interacti e etch process inreal tine. Any of the multiple
etch pr bl es can he adjysted incl ug)i head .posi ti on,

concent r iffziigx\{%é FHLHE A menioife doafegon I gggﬁ?‘é‘%mé%rﬁ)é‘f"?ff/o%nd ot her

process ¥Rdirh@b) i€ the defsdrNn20 mdyrﬁﬁfr@nt&reﬁfjr%erﬁ) BRGAES cut SR LENor bsh
provi ded. A nore precise process control allows ever re concentrated etch

cheni st r m@egsure fibe thiskewss tpugh 4 Ryenrfiquetifegesihe henpros BBX) sicteasahe ploecwaf er
to a m'nicrréjrri\t Llll% Thg\i inl-sitl_.l, r_%l time control of the process can al so
enabl e a VAP PENE ARRIS stoltbe%‘éac‘éﬁgf cetptlolBhe surface of the wafer such
as to correct for a non-uniformty during the processing of the wafer. By
way of eldddpl Bigurs 134, shoysr walep petsessing syters &2¥bin asegrdareacarith ane t hi nner

filmin i F i ! er- and a t.hicker fi in second
gt on nbbdient GO B Gl i\enliBh ofrnd W eBe Bl S 100 dalat Y o,
cheni st r wafeo poengsirat dyerrm rEsdddenis®l abolvet FRlife A fiwd BewdReciREtidd dfMn

t hi ckness as the proximty head 1000 scans across the wafer 108. As a
resul t, WHBUFSASUARPORmIDE serseni 20dfe somereden therami I8k] skteorrafdhed in-situ
as the nr I | o.the wafer 108.t hereb ubstantjally

o5 e FoSTREREESeL ReRL kB0t Lol ARG PER LIS EERY A1 DR b

non- uni f @neoiti268A dail hzhsurB caftegpoh@iabd¥ioneihe dhdhbtess beRcdpyliéERime 1102
IS not r\fe/%éi red. By way of exanple, if the sensor 1020 is an eddy current

sensor, h19%hky Bedyoruyivdiwed 48emsor can measure filmthickness through a
| ayer of liquid (e.g., the neniscus 1100) such as the process chemstry
bei ng applilkedFigoret RS donkaceafof pohessinafsgsterh000[ hlRtofdagey @ith 2Ae shows a
waf er pr ocbesasi ng system 1200 in acgor dapce with one .

embodimert ol'the presenf invention. The water processing system 1200° is similar to the
wafer processing system 1200 described above in Figure 12A, however with an in-situ sensor
12028 mounted in an arm 1204 that is separate from the arm 104a holding the proximity
head 106a. The arm 1204 allows the sensor 1202B to move independently from the
proximity head 106a. As a result, the sensor 12028 can measure corresponding locations
near the process being applied to the wafer 108 by the proximity head 106a and can
independently scan locations on the surface of the wafer substantially simultaneously as the

proximity head applies a process to the wafer.

[115] Figure 13 shows a block diagram of a wafer processing system 1300 in accordance
with one embodiment of the present invention. The system includes a controller 1302 that
includes a recipe 1304. The recipe 1304 controls the various parameters and aspects of the
processes applied to the wafer 108 by the proximity heads 1310A, 1301R. By way of

example, the recipe determines flowrates of DIW, IPA and IPA vapor and pressures of the

vacuum and the precise location of the proximity heads 1310A, 1310B and the direction and



enbodi nent of the present invention. The wafer processing system 1200 is
simlar to the wafer processing system 100 described above in Figure 3A,
however with the addition of an in-situ sensor 1202A. The sensor 1202A is
nounted on the arm 104a, external of the proximty head 106a, but can nove
in tandemw th the proximty head. As a result, the sensor 1202A can
measure correspondi ng | ocations near theé®process being applied to the

waf er 108 by the proximty head 106a. ['114t] Figure 12B shows a wafer

or ocessi AYC &) A EiAmetdhe wifer d000F Hrsiferistaiatsde Scasrso 84t 3805 HatF nbnt

inventio o} | ¢ LM t e f
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i n-situ seasmbodidROf Bhemupired320A ar820BMak 2odhiid ledbak 6 B @haofiéormoghe arm
104a hol ding the proximt head 106a. The aim 1204 all ows the sensor 1202B

to nmove ihaspEriERtPY2 eaoirer Rwdifythsdepipeyn msaansede the fagdhack ol ene qrhgore

sensor 1 : I I | ocat i.0 near. the pr.ocess being
Soor 1 ed Db TEsER b oRsEs O RER BEORTab SERAGS R g WSk R G s ndentt
scan | ocagi®si3onBtshen suddsagedih Hifigeyed L1 18%&@%&@1&@{\@%%& taneQusl y as
the proximty head applies a process to the wafer. [1151 Figure 13 shows a

bl ock di a#HmIGR0R capbe exisrmd estii pepxsmsty dwads3id0 0ivn | 3¢dd ptidaserbedintthgwese
enbodi e t sent invention. The systemincludes a controller 1302
t hat |n21&‘fi§é% Igﬁragé?epe 1304. The recipe 1304 controls the various

par anet e nd. as ts of the ocesses applied to the wafer 108 by the
proxi mt ;ﬁﬁgag§ui%§‘gﬁ,a fi%.rt @gﬁ%ﬁ‘f}t fl opghaliapt &H00 e -8 FEN IR 4 nes

f1 ow at egr@fssPh Word FA @4 B : o tihe
precise I;‘)Jcastsi o\évp(r)f 1t #g p?%)é@l’%&f%g nggggth%%%ﬁ{og%%ﬁgggeﬁ)dg%&gmj}:@@f iﬂgn
and 29 amtpergfonr Btlat & procoss b like: wafaee ofl08, wafkr 1sebwafierfack sensmngdratientSensor s

1320A, 1320B nonitor and evaluate the processes applied to the wafer 108
by the pPORFSHEYSICHSUAL2IRRGAMHB%aE. h Presrss expivaiude ArnsiReclediabr s 1320A,

1320B cafcmhovd f gedbaek d19:k I 0 : ' 02 can
then modi f y ?’hégﬁéb‘?%e In ’respooﬁgaéﬁgg)trtoﬁ{eelrﬁ é%%%a%ﬁa?lrzg?nbgﬁgtaggﬂércriggmatillgof t he
sensor s. suffree barsoEsadlSROA, proIROB/ beud dae siygfgdrusted eovidpdatingtgrecqges.oxi m ty
heads 1310A, 1301B such as described in Figures 10A-1 |B above.

Al t er nat j1vg] Vin dnhebidnauso, 320 s3320 Badi@drd@e %ﬁc%gsr@éi%g Spihe wpiexi mty
heads 131 OA, 1301 B as described in Figures 12A and 12B above. [116]
Fi gure Iwafesl@8 49 daaemzadtingietailboret hod operations 1400 for in-situ
nonitoring a

[118] Inan operation 1415, the in-situ sensor outputs the monitoring results of the process

in real time. In one embodiment, the monitoring results are stored for later reference. In an
alternative embodiment, the monitoring results are output to a control system that controls

the process.

{119] In an operation 1420, the process (e.g., the recipe) is adjusted according to the
monitoring results output from the in-situ sensor. In one embodiment, the process is adjusted
dynamically, in real time by the control system. In an alternative embodiment, the process is
adjusted for a subsequent wafer. The method and operations can then end. Altematively, if
the process is adjusted in real time, then the method and operations can repeat beginning

with operation 1405 above.

[120] As described herein, the in-situ sensor can provide additional process control. The
process control can therefore be a nore precisely controlled process that in {urn allows a
faster process time which translates to an increased wafer throughput. In addition, the in-situ
sensor can provide real time process data that can be used to adjust the process dynamically

and in real time.



process in a proximty head, in accordance with one enbodi nent of the
present invention. In an operation 1405, a process to the surface of the
waf er 108 by a surface tension gradient process systemsuch as a proximty
head. The process can include a rinsing, cleaning, etching, drying,
deposition, electroplating or other process capable of being applied by the
surface tension gradient. A proximty héadd can support an el ectroplating
eration 1410, an in-situ sensor nonitors the process

process. 71 In,an_ o ] ) _

bei ng apgﬁhlléd It wilk brofurthat apratich Bk iednspistionsyeamperted BpBreperaionsin n an
oper at i Ok, L.0-Si t. S e Ltori |ts of .the
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for | at ereprefeatcngehe bferativnsahdyeiol &k inéeeseih @slhiaBide, the RecA.t Altha\ghresul t's
are output to a control systemthat controls the process. [119] In an

oper at | ofPT$aPNL invgaLig brsdigsn descgibed ithgomedgtpbforipympdpuet datitiofor di ng to t he

: - ts. i n-.si o mbodi h
rocess TRGERHRE PHLPHE albB N ciRid shehe TR e GopRafdR FET CHARERY | n°an
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The method and operations can then end. Alternatively, if the process is
adj ust edcensiqeged asyiflpgrativh epd pplerepisichivel 2af theopeerdtondnsotcarberdispiéstto ieyi nni ng
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be a norelapreci sely controll ed process that in turn allows a faster
process tine which translates to an increased wafer throughput. In

addi ti onpplhg dmelity  sensor can provide real tinme process data that can
be used to adjust the process dynamically and in real time. 30 11211 It
will be further appreciated that the instructions represented by the
operations in Figure 14 are not required to be perfornmed in the order
illustrated, and that all the processing represented by the operations may
not be necessary to practice the invention. Al though the foregoing

i nvention has been described in sone detail for purposes of clarity of

understanding, it will be apparent that certain changes and nodifications
may be practiced w thin the scope of the appended clains. Accordingly, the
present enbodi nents are to be considered as illustrative and not

restrictive, and the invention is not to be [imted to the details given
herein, but nay be nodified within the scope and equi val ents of the
appended



clainms. What is clainmed is: 31 CLAIMS 1. A nethod for processing a wafer
conprising: applying a process to the wafer, the process being supported by
si mul taneously flow ng liquid through a3heni scus and applying a vacuumto
an edge of the neniscus, the neniscus being supported by a surface tension
gradi ent device the surface tension gradient device including a proximty
head including; a head surface, the head surface having a plurality of flat
surface regions; a plurality of sour&AfM$ets in at |east one of the
plurality of flat surface regions of the head surface; and a plurality of
source outlets in at |east one of the a plurality of flat surface regions

of the head]surfaggsththi @rdtctdne: Pldfaalbiyrighgsource inlets and the
plurality of source outlets are defined by discrete holes that reside at

the head surfac®rhrbe aRteat Pkouakrttheriocess bsinersaeroiegions of the head

surface; no I : : , , b in=.Si ar.;.4apnd

Ut put t1 g ThLRaAe g ST, holh el BRRREy Hho L o) W R e dB)
process camfitheinedBcat tHeanatiscanéciaf sapgredpy aclurfpcoceasse gralms dsticnng of a
cl eaning propcess, a rinsin rocess, a.drying.process, an. etch process, a
deposi 1 o (Bf GREieE tensind BxrieNakr 8 phelidigt prowess bead int it nod of cl af m
1, wherein the in-siti,SaRaQkcCaR HcQ&EM@fce%vi'nﬁ%%ﬂm%ﬂ?y SR su@EQUP

consi sting of an optical sensor and an eddy current sensor. 4. The nethod
of claim 1, wherreginng;he nonitored result is output in real tine. 5. The

net hod of claim 1, further. conpri si. adj ustin tﬁﬁ process gecording to
the nonitored result$P lgfaqlﬁ%%fcﬁd@%gfm 8?%?%03? o lfyh(éﬁf?g At Eed
result is outputregionfoMhOtesSsurontahal ler. 32 7. The nethod of claimé6
wherein the process controller adjusts the process _
a plurality of source outlets in at least one of the a plurality of flat

surface regions of the head surface, wherein the plurality of source inlets and

the plurality of source outlets are defined by discrete holes that reside at the

head surface and extend through the flat surface regions of the head surface;

monitoring a result of the process by an in-situ sensor; and

outputting the monitored result.
2. The method of claim 1, wherein the process can include at least one of a group
of processes consisting of a cleaning process, a rinsing process, a drying process, an

etch process, a deposition process, and an eleciroplating process.

3. The method of claim 1, wherein the in-situ sensor can include at least one of a

group consisting of an optical sensor and an eddy current sensor.
4. The method of claim 1, wherein the monitored result is cutput in real time.

5. The method of claim I, further comprising adjusting the process according to

the monitored results.

6. The method of claim 1, wherein the monitored result is output to a process

controller.



according to the nonitored results. 8. The nethod of claim7, wherein the
process controller adjusts the process in real tinme. 9. A wafer processing
system conprising: at |east one sur f ace *€ensi on gradi ent devi ce capabl e of
supporting a process in a liquid neniscus, the surface tension gradient
device including a proximty head including; a head surface, the head
surface hav¥ ng a’l‘bcb unﬁiokit(yctmﬁmfél, athesiit flageocckegimondier aljpiuhalprdgesof source
inlets in at st one of .th rallty of flat surface regions of the
head surfac%‘“‘0 ﬁegtg?ﬂFﬁﬂP$§ %Ptsource outlets in at |least one of the a
plurality of flat surface regions of the head surface, wherein the
plurality of source inlets and the plurality of source outlets are defined
by di scret e8:hol ebha mathod @f clden &t whixein the acbcssrr deare! lainlljieskt agrdchsiugh t he
flat surface regions of the head surface; an in-situ sensor for nonitoring
a result of the process; and a systemcontroller being coupled to the
in-situ sensor and the surface tension gradient device, the system
controller |nclud|n? a process recipe. 10. The systemof claim9, wherein
the processcan 4 MAIdEOsSipg ABICrd sRMPFisiazgr oup ~ of processes conslstlng of
a cl eaning proc I , _ ] C i.on
process, and an%§%§%§?%Sﬂg%?%mﬁ&gﬁgﬁggw??ifg%géggg‘?§ﬁ¢p¥un BP 6°° Wher ei n
t he in-sitwlspndornsanms, lhmiutfdez Iahslbegﬁddi@mée‘ﬂf:e mel@iupproansitshdadg of an
optical sensqr,and an eddy current sensor. 12. The systemof claim?9,

wher ei n thé“ﬁﬁﬁf%ored result is output in real tinme. 33 13. The system of
claim9, wherein the dl(kag'sﬁﬂfao%e@éq{ea& §ur'f'{3:@|h‘zigﬁ 115[]3! 38 sface tension
gradi ent device. 14. The systen1of claim1l e el he meni scus i ncl udes
a dry region s@@@@undlng the in-situ sensor 15. The systemof claim9,

\é\g\?ir g'en the in-situ Séep gr%hty oai' sourceqrtl)lets m\'ﬂ lerttogg ofsnergh?lgﬁy O?J}Fat surfgr adi ent

regions of the head surface; and
a plurality of source outlets in at least one of the a plurality of flat
surface regions of the head surface, wherein the plurality of source inlets and
the plurality of source outlets are defined by discrete holes that reside at the
head surface and extend through the flat surface regions of the head surface;
an in-situ sensor for monitoring a result of the process; and
a system controller being coupled to the in-situ sensor and the surface tension

gradient device, the system controller including a process recipe.
10. The system of claim 9, wherein the process can include at least one of a group
of processes consisting of a cleaning process, a rinsing process, an etch process, a

deposition process, and an electroplating process.

11. The system of claim 9, wherein the in-situ sensor can include at least one of a

group consisting of an optical sensor and an eddy current sensor,

12. The system of claim 9, wherein the monitored result is output in real time.



16. The systemof claim9, wherein the in-situ sensor can be noved

i ndependent fromthe surface tension gradient device. 17. The system of
claim9, wherein the liquid nmeniscus is33upported between the head surface
and a surface of the wafer being processed, wherein the |liquid neniscus is
in contact wwth the surface of the proximty head and the surface of the
waf er bei ng13.pr otesswtbm dB8claihne, Sh&t@ThOn-ghiadcmdi s inoheke ivitingesur f ace of
the proximty head has a first hydrophilic property for a selected liquid
and the surfHEec fhstoREsdEeddeesng processed has a second hydrophilic
property for the selected liquid, wherein the first hydrophilic property
is nmore hydrophilic than the second hydrophilic property. 19. The system of
claim9, whet.ei nThhgyscondf dhibvet3,iwichreideis: acgiapabhdludes f &y regiodi fyi ng t he
recipe for the process.in the process controller according to the

moni t or ed r%%ﬁWﬁ@Wgég?mT%@5§9%¥en1of claim 19, wherein the capability for
nodi fying the recipe for the process in the process controller according

to the nonitored results includes a capability for nodifying the process
in real ting. The system of elaim 9, wherein the in-situ sensor can be moved with the

surface tension gradient device.

16. The system of claim 9, wherein the in-situ sensor can be moved

independent from the surface tension gradient device.

17. The system of claim 9, whercin the liquid meniscus is supported between the
head surface and a surface of the wafer being processed, wherein the liquid meniscus
is in contact with the surface of the proximity head and the surface of the wafer being

processed.

18. The system of claim 17, wherein the surface of the proximity head has a first
hydrophilic property for a selected liquid and the surface of the wafer being processed
has a second hydrophilic property for the selected liquid, wherein the first hydrophilic

property is more hydrophilic than the second hydrophilic property.

19.  The system of claim 9, wherein the controlier includes a capability for
modifying the recipe for the process in the process controller according to the

monitored resulis.

20. The system of claim 19, wherein the capability for modifying the recipe for
the process in the process controller according to the monitored results includes a

capability for modifying the process in real time.



