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BACKGROUNDOF THEI NVENTION 11 Field of the Invention

[1] The present invention relates generally to

sem conduct or manufacturing processes, and nore

particularly, to methods and systems for efficientl
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nunmer ous operations and subprocesses. Exanpl es of such
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dryin er operations. Each of the manufacturing
operations must be nonitored to make sure that the
operation is congpl ccurat el vy, ly and in a
tinmely manner. | 8 % f(ﬁ;tc[" : , a
1 seI:J@'e Mgtlﬁ(,emner. is placed in a holder that pushes
a warer surftace against a polishing surface. The
pol.i shi ng surface es a slurry which consists, of
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urden layér to expose an underlying device layer. If
semitdrelu@oPnpnofressing pradebsowed t o conti nue too | ong then
too nmuch overburden material will be renoved and the

2. unpeddrifitivh ctake Refatéd@Arbe damaged. Renoving too much
over burden material can al so change the el ectrical
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that their resultght el ectrical properties are changed
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quant 1Ty of the overburden material is renoved. As a

accufagsdyil tbpeatdbdy amhimi atimgy meandiur den materi al can cause
uni ntended interconnects between the underlying
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detect or or endpoint nonitoring process is used to

2 wafsr sprfadee g@ivBt ppalisbing surface. healojishing senface uses a slurry which

consists of chemicals and abrasive materials to cause the polishing. Typically, CMP is used

to remove an over burden layer to 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
electrical properties 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 a result, 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 in 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



[4] O her types of manufacturing processes (e.g.,

etch, rinse, dry, deposition) nust also have sone sort
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progress of therespective ranufacturing process. This

IS increasingly inportant as process control

requi renents becone ever nore stringent as device
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measurement.

[71  Additionally, 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



progress of the respective manufacturing process are
i nherently inefficient because the process itself nust
wheoosnoasr upt ed and restarted nultiple tinmes. BUHUS1004018900
and stopping the respectivel sem conduct or
manuf acturi ng process can al so require additiona
handl i ng of the sem conduct or substrate and a nore
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procgsSfts@f.oadl y speaking, the present invention fills
these needs by prQqviding an in-sjtu sensor for
noni toring a procgwé&ﬁgﬁﬁ&m{efer. 't
shoul d be appreciated that the present invention can
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rovi rocessi ng a wafer.
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The process being supported by a surface tension
of thg peegetrinvention aws. depcrited beloYof the process i's monitored.
The nonitored result is output. The process can al so
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osit1on process an el ectroplating process. The
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sensor. The in-situ sensor can include at | east one of
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processyi uasm@propmsl adeying proecsstanciteh proesss.# depopidign propees, and an
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process according to the nmonitored results. The
currgmtee@mss control | er can adj ust the process in real
time. [13] Another enbodi nent includes a wafer

[12]Pr OGESSFRE t&yfhemdidiial-vat elin pchelessieng 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 results.

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

including a process recipe.



system can include at |east one surface tension
gradi ent devi ce capabl e of supporting a process, an
WO peosiooa43sensor for nonitoring a result of theP@r/USME£018900
and a systemcontroller beishg coupled to the in-situ
sensor and the surface tension gradi ent device. The
systemcontroller including a process recipe.[14] The
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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 elements.

[22]  Figure 1 shows a wafer processing system in accordance with one embodiment of the

present invention.



in conjunction with the acconpanyi ng draw ngs, and

i ke reference nunerals designate |ike structural
web@seni431 [ 22] Figure 1 shows a wafer processPemyUS2004/018900

systemin accordance w th ohe enbodi nent of the

present invention.[23] Figure 2A shows an alternate

view of the wafer processing systemin accordance with

one enbodi ment of present inventjon. [24] Figure 2B .

[23] i |HigageZdy ghows a8, aér@%@teo‘éﬁew GEH’\‘?iWFron?E%?ém Y%?gm in'accordance with

Onee%‘%%ﬁﬁﬁ&t%ﬁ%%%ﬁme?%@ ng a wafer 108 in accordance

. one e nen the present invention. [25]
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accordBndel Witls bh@é@Bodmehie thd gresaafk irtvieatiovaf er processi ng
systemw th dual proximty heads in accordance with
0 ﬁx‘ébs‘?ﬂl{ﬂ%&ht i ' hQRssif28hktelm Fith €ual
[26] 421%% ows g topa @Fgﬁw&g‘lﬁg@%a etPé g»régegtgssi ng %i%t em whi ch
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view of the wafer processing system which includes
headsyin accpidenger with ahe gmbedinrent @ithepissant invgn@eN-sur f ace of
the wafer in accordance with one enbodi nent of the
[28] p rEig?féMA Sivwens 4 ©P.vigvBol a Wafpn peocBeingwysemawhioh indledes gultiple
a wafer processing systemwth a proximty head in a.
proximgity bagds gﬂr G AT saEfRes P ket afek tfgﬁl?&gfdg]e?%‘&h gne embodiment of

di a the wafer in accordance with one
thepreeﬁ%r%ﬁ%lﬁ%nﬁ‘%{lbf the present invention. [31] Figure 5B
shows a, side vie
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proxﬁﬁi&sﬁﬂ&ﬁs &' O asieadt (R white in@dcefdahée @ik 0hélambediment of
w t'h one enpodi nent of the present invention. [32]

the pkésgnariev&fionhows a top view of a wafer processing
systemwi th the proximty heads in a horizontal
[30] COPfaufs &h&Ws MMypGhie Sf & dafdrguscssih®sydmpl withneroximityrhead in a
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i nvent i . . .
emboé}meen‘g ofotﬁe 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 to

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.



[33] Figure 5D shows a side view of a wafer processing
systemwi th the proximty heads in a horizontal
wa@onsiogigsat i on which is configured to process PCEUSEDE018900
that is stationary in accor@dance with one enbodi nent
of the present invention.[34] Figure 5E shows a side
view of a wafer processing systemwth the proximty
heads i vertical configuration, enabled t r ocess.
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preseRiRSeiti¥nt of the present invention. [37] Figure 5H
shows a side view of a wafer processing systemw.th .
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one enbodi nent of the present invention. [40] Figure
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inverfdg, enbodi ment of the present invention. [41] Figure

6D 111 ust rates a preferable enbodi ment of an exenplary
139 o O Bt B LB GRNE OBkt may b led
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~wafer drying process using another source inlet/outlet
Inverdionent at i on that may be conducted by a proximty head

in accordance with one enbodi nent
[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 input an additional fluid in accordance with one embodiment

of the present invention.



of the present invention. [43] Figure 6F shows anot her
source inlet and outlet orientation where an

w@odwsniasrl source outlet may be utilized to | PEIUSENS/018900
additional fluid in accordahce with one enbodi nent of
the present invention.[44] Figure 7A illustrates a
proximty head perform ng an exenplary drying
oper at i on {Pg accordance with one enbodi ne

[44] p rigurst 74 Hlrsktesn prqxg@ity hga omrgmeglpi% d{ynég,\pﬁanon in
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di ment Invention. [46] Figure 8A
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surfabé processi sybtemnsihaat@garee mm@ﬁ&nﬂ@dimmﬂ ofithierpresent invention.
accordance with one enbodi nent of the present
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cir ar processing w ndow i n accordance w one
accoﬂiabm:iwnhnne ahbodimept efsbe present @nvention. [ 50] Fi gure
1QAI | lustrates an exenplary proximty head, in
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i nvention. [51] F| gure 10Billustrates a sectional view
presest intvietignr.oxi mity head, in accordance with one
enbodi nent of the present invention. [52] Figure 1llIA
[49] s hBiware0RB iijustratesva sfibstamtiebtycipdudarpromesdisg wsndoov megclyylance with
the cﬁ@OXI mty head, in accordance with one enbodi nent
one ginbg e‘&r‘&@hﬁm?eﬁ\‘/gﬁ’@%ﬂl [53] Figure 11 B shows a
sectional view of the neniscus fornmed by the proximty
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vent i re 12A shows a wafer processing
emb‘g}g’te@rﬂf%ﬁ Bt%&%{’ °%i th one enbodi ment of the
present invention. 55 Figure 12B

h . .
[51] pr Bieassi QR sisatent ﬁ@?ﬁae@de%ﬂ%@e REPHIG owile%%% afdoEnCRith one
emb%&ﬁleg{oefstﬁ?breké’h\f?mehﬁgn [56] Figure 13 shows a bl ock

Iagram o er ‘processing systemin accordance

[52] ]t?lgure 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] Figure 12A shows a wafer processing systemn in accordance with one embodiment of

the present invention.

[55] 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 is 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.



one enbodi nent of the present invention. [57] Figure
14 is a flowchart of the method operations for in-situ
WORWSNOMBNg a process in a proximty head, in PCT/US2004/018900
accordance Wi th one enbodi Ment of the present
i nventi on. DETAI LEDDESCRI PTI ONOF
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and that any other suitable type of configuration that
the injggtien.enabl e movenent of the proxinmity head(s) into

close proximty to the wafer may be utilized. In the
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otheFB¥bodiments may be utilized where the wafer is not rotated but the proximity head is

configured to move over the wafer in a fashion that enables processing of all portions of the
wafer. In addition, the proximity head and the wafer 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, etc. 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] Figure 1 shows a wafer processing system 100 in accordance with one embodiment of

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



be utilized to process any shape and size of

substrates such as for exanple, 200 mm wafers, 300 mm
wowdosness3f | at panel s, etc. The wafer processi NBCHYS10841018900

may be utilized to apply arty type of fabrication

processes to the wafer depending on the configuration

of the system [61] Figure 1 shows a wafer processing
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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 to 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



as any other proximty head descri bed herein) may be

noved to about 2 mmfromthe wafer to initiate wafer
w@e@sme®Bng operations. [63] Figure 2A shows apCT/US2004/018900

alternate view of the wafen0processing system 100 in

accordance wi th one enbodi nrent of present invention.

The system 100, in one embodi ment, has the proximty

h
oy et BRSSO o SR LA LRI con
be m(gtﬁ 1 lﬁ‘?l Jogﬁoxter{ﬁe ﬁﬁl gltrnt} RURAINSSa bie 1661080\ thd Bgidaft ele whfer to the

e appr ed that the proximty head carrier
edge aBibe wbifar. I0shonkybehmdamstoad|tieatialthaugh the imatds peoasssimgsystem 100 is
t hat woul d enabl e npvenent of the proxi heads 106
shown HthiigePresENdradsHIPRSRd #9&% (At g é?lta&gg Eeh g mty heads
may 111%@99 hr%nfor ckiif %19,rp,)2' 814.%, Bead ¢as f)fo?dmﬁﬁﬁ@ﬂ@'l%a and/or
can orized t3 nové fhe proximty head
106b an dle]v@ﬁbr procsxsinh eystan 180 noify aldodevanfy enitabde sine oes:hgpe @sf shown by,

the wafer. It should be understqod th al t hough t he
for e, 4py 66 EEERYTLY S 8 IO DoS HETRH i REPTPRIGH hads 1060 and
1000 BT Vo 0 0y 1 RS b f e
prox1ﬁﬁ12'rﬂéh& cah, be%veﬁdlfféren’épmﬁonﬁbfahe Findace rof tiendvfgr h(&ds
a and/ or 106b of the wafer processing system 100

[64] ”%e%ﬁ@re?@cﬁ?%uﬁﬂbﬁsa@s&ﬂ%d%r&ﬁ cSRARL aFhid HRWRcEYbetween the

or exanple the proximty heads as descri bed
proxihetydiead aid shepmfm Bt Wam@“wd@mp% theafiadd mnscuamaa Ibg odyed across

confi qured t no d f
e gkt St o B SRR el Cne B8RS ipine e
ﬂuldsof%?l:n RO 2R shitfeeS HhERESe Qhe Eﬂﬁ‘(n’ﬁﬂfl BLadt386a bt 060N have any
erent configurations cribed herein generate a
numerbus t@lpem&rfl cSﬁﬁgurb)mme shdvehqeimarmitcy chm’aguramwlhm enable the

waf er. of exanple, the fl ui sScus
proceﬁw&@sca‘&eeé@reﬂrh LIt S algi bt PERAFeiBiad (o Jhes Y ST, g process

one spﬁgcé/déﬂgr %r bGnhEro ?’% Igﬁces(iﬁﬁ_miﬁot sﬁr?&@‘éif B Fier.

he waf er ace

[65] ? ;Ig)égmélp% gq.ﬂcfeg B]::I'og%% A 0;5@-8?& Can%g%}éo%ﬁ ggﬁrfac%? EFJ Sthe wafer, the
systefrOIH0l A4y Akb 9@ Sorlf %@%edetﬂ PBHErrh AEfRER PRKESRs @8 adH H@Lof the wafer

erein.” I't should al so be appreciated that the system
if desh@ﬁ byagpyiting esbowpetisgdif ot pres heflvids &y eash of Grerresngstive sides
p.surface 0%nd t he bottom

of th et Py 6w, O eSSl LRG0T Eh BORIGRfgnd Water and dry
the bgcﬁf e &S Buibetd ?ﬁre\‘}ﬁfe%rthatttﬂ@ syR¥eRh 00 ﬁ'@? ufiB¥e the

e con gur to performdifferent processes on
appliegtih «idiffereht dhiagniondf tep and bakesn uretheuyomnmytmacﬁﬁgl%n@nd 106b
outputting different types of fluids. to ach of
1eopqe§§@§élpp@ ing qrethe pelgth@l Jesited- T%ypwévm& %ﬁfﬂ [ée fcwélguled to

;
proceﬁg ?/ﬁetetggé/%ggdg‘% %2 it]r%ev?%‘?l % %gdi{}:\}a b pfdcgﬁ r%g tllleE gkﬁ) PRI &ooRBEh of the
wafeRPPhiCh@be @cdohﬁilislﬁd@leomsﬁlegﬂl‘ﬂa&ﬁemmus wffi the zéed 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] Figure 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 102¢ in any suitable orientation as

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



application of different chemcals top and bottomin

the proximty heads 106a and 106b respectively
wale@snoi4ay on the operation desired. The proxiPET/YS2004/018900

heads can be configured tolprocess the bevel edge of

the wafer in addition to processing the top and/or

bottom of the wafer. This can be acconplished by
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ammonia, HIF, 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



suitable type of drying path. [67] It should be
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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 9A
and 9B, the TPA-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
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to eﬁab&tm@ﬁyndneofmhs eithdreone 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



with water. These fluids may al so be known as surface
tensi on reducing fluids. The surface tension reducing

WO baosaies4act to i ncrease the surface tension gredi/gs1004/018900
bet ween the two surfaces (il4e., the proximty head and
the surface of the wafer). [70] The portion of the DIW
that is in the region between the proximty head and
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center to the edge of the wafer 108 or vice versa. In

Consgqpandly einaine embrdiseinteas the walsh 10heot@esinithe dijeqtiondd 2qthe

larger .i.n_|ength,than a radius of. .
proxigbita o Bacibto a6 et gt A PN b op surtce
10829 ihd RaltHIdPEEn 4 #o@@ss%ﬁ&[beﬂﬁh Aither @dtail irdRferéite to Figures 6A

anot her enbodi nent, the proximty heads 106a and 106b

throughy8Boeelown Thepefarel thoprosineity heasl 106aazay precshs be virdend 0318 a

forth acrpss the waf [l t f th f
R B RB S B3 o bbb Dol A Sl reference
Figu&nﬁ,tﬁ%@sc GLiBAhead O OIS ALH 8BBwARe MlafeUDS @8l p&edré process

in reference to Figure 5C through 5H may be ut|F| zed.

on th€dogemuaniate/]08bafthd wafer d08.f er ent confi gurati ons of
the system 100 may be utilized in order to obtain an

[73] OPFigiez38 iIRBtrfEs 4 Kide WRNEHT (BE GRES Drotgssipesiateano b0 (vitR]dual
Figure 3A shows a top view illustrating the wafer .

proxjsnity: keads fryacsgrdanen Wil ong embedigrenteidhe Riesgnt paggEoR.nIn this

accordgnce w th on odi nent._ of . .
emb ek P (Ot PR bR o iy AEp SR IR Rhatte of progessing
top shrth@ &Ghe AR YOPERd Mk PrdQfatyRYd DESHCRPEHIE BF prbckBiny Bottom

and hold the proximty head 106a in a position in

surfact of thepradsi 18t yin oneembpdimsat, epindlps 1 1 handuldgbraleneryitipa gpoller

o 020 S0 S5 B BB b A R ot
1ozafe gg;ﬁ? %&d gq;gc e Rltatd B JH¥eR1 SHRSBBbA@IlyYalll du@ads of the wafer 108
may be presented to 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 to 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 1083 as

described in reference to Figures 6A-6F below.



Consequently, in one enbodi nent, as the wafer 108
rotates in the direction 112, the proximty head 106a

wo g00sapabl e of noving and renoving a fluid filPCT/I82004/018900
the top surface 108a of thédSwafer 108 using a process
described in further detail in reference to Figures 6A
t hrough 8B bel ow. Therefore, the proximty head 106a

rocess the wafer 108 in. tiali '
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1060 3y ERE RSy ol BERETELDh bF (A IR ROt R Rier 105 a
betw¥dal Boutl® finh pedxriddl tb @batedd, minhyer pecoxdmi ty heads 106a
and 106b are brought to close proximty of the wafer
[75] S %%&%Qﬁa 4RRA ARE Vi8S PatePBrorb st g d@mard- 1L Ghkeh includes
respectively. Once the proxinmty heads 106a and 106b
multipleeprbximighticailn fay aqglag®elap setiosiof yhet wafieh E08yarf aseordagse widpone
waf er processing nay be begun. In o ation .
embqghigsatAf e PrEsas ygiors 1o to SBORLRDE I TSt g ptudes an
uppePilif FEALT Ond hdhfbRr gﬁﬁ’ WiDe Wabkkdwd BPFiBNrean iivd §8tehPRO0-1 also
dei ohi zed wat er‘and vacuumto the top surface and the

may teluide loweir frack4bf1 dnddower &m IWBIB-Zsomiested tdpximity heads 106b-1
reference to Figures 6A-6F below [.74] In. o
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waref TRF LSRRG HRoBRGHaR ke Tindey, Repdesreontobny,

proc@Bhg MO B ater AW hsarfifieomntdief arnvaer OFS dddenywaf @nwi@Botard the edge
the edge of the wafer 108. |In another enbodi nent, th

of thprafarrioByn heulitantiobn lingrd fasbam. faghisaytas|the Edtign lr%zaf% the

waf@];' T(% gltiné/\sla aflﬁ'reg{o%g 3 f;hg "Yafer 108 in proximity with the proximity heads so as to
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 wafer 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



to process the wafer 108 in less tinme. In yet another

enbodi nent, the rotation of the wafer 108 and the
worenws/reqsl of the proxinmty heads 106a and 106bPEEYS1¥64/018900

adj usted in conjunction tolebtain an optinma
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proximity head is utilized per wafer side.

[79] Figure 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



multiple proximty heads for a particular surface of

the wafer 108 in accordance with one enbodi nent of the
w@e@smemi43i nvention. In this enbodi ment, the syBCEDIS2004/018900

100-1 includes both the praximty heads 106a-1 and

106a-2 that are capable of processing the top surface

108a of the wafer 108, and proxi m'ty heads 106b-1 and
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on o op surface o
moving fxom one edge of the wafer 108 to anothel dlamumcally opposite edge. In one

embodiment, the proximity head 106a-3 and/or the proximity head 106b-3 may move in
directions 121 (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 can take place. [80] Figure 5B shows a side

view of a wafer processing system100-2 with the
W@e@xi00d48y heads 106a-3 and 106b-3 in a hori zoPCHIS2004/018900

configuration that extendsl&cross a dianeter of the

waf er 108 in accordance wi th one enbodi nent of the
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[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 one 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 substrate being

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



heads 106a-3 and 106b-3 in a horizontal configuration
which is configured to process the wafer 108 that is
W@ r@siorary in accordance with one embodi ment BET/URZ04/018900
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close proximity to the wafer 108 surface or gdgpe and partlec?pate ﬂl (i.€., bound) one or more

of the meniscuses 106a-6 and 106b-6 o 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 108 is more hydrophobic than the proximity heads 106a-5
and 106b-5. A hydrophobic material has less attraction (e.g., higher surface tension) 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,
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[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.



can be greater because the wafer 108 is nore
hydr ophobi ¢ than the proximty heads 106a-5 and
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e source
preusule 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, TPA 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
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inlet/outlet orientation 121 that may be utilized to
wappbypo@3f abri cati on process to the wafer 108 P@T/US2004/018900
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vacuum ori enta on as descr
any suitable number of source inlets 3029 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 flow rates are such
that the total liquid flow into the vacuum outlet is continuous, so no gas flows into the

vacuum outlet.

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

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



reference to Figure 2A i utilized. Consequently if

fluid filmresides on the wafer 108, a first fluid
wEe@s®uel may be applied to the wafer surface PYT/URE04/018900

| PA inflow 310, a second fl @8d pressure may be applied

to the wafer surface by the DIWinflow 314, and a

third fluid pressure may be appl i ed by the vacuum 312
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ulled into the source outlets 304 along with the
fluid ﬁ i the wafay spifeceksadlivbold ba eppkeiated 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 controlled in any suitable manner. For example, in one

embodiment, by increasing the DIW flow 314 and/or decreasing the vacuum 312, the outflow
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discussed in reference to Figure 6D may be generated.

[101] Figure 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 No/IPA
and DIW are inputted into the region between the proximity head 106 and the wafer 108, the
vacuum removes the No/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
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and 7BN&n Wadi85n, SHYERRELARR ISR, 1t ﬁHkﬁm@ﬁléaEQ‘l% ARPLI¥® may be of

source inlet “and outlet oriéntation where an
a conﬁgldatuomamelhowmhew ouefee¢ncd &YF@;es@eA tnroughzl®d. tAny suptable
an additional fluyid in accordance with one. enbodi nent
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6E th t at
e R A P BB 1 ret erence to EP;&L?ED
it | 307
031 KGRy ﬁ% oY P PR e P ffolfife

proce&s’il% sy@fent MeacsOIhAR vaiH bt endQHimémt oF Wedprasene [HROA 6FE T this
DI be input through the source inlet 306 while a

embodinfehfenprogohity hepd 19apmocgsses t®t09ﬂmed08a0f:tt@afrﬁf@r9108 and
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the profiai g 108 BREAPHGe SO U N G 0308! Mty et (5. T me
mpuuﬂ{gbéfl tﬁ@ﬂrﬂm eRAANOSIT lbs AR g&ﬁr&fmktgezmna@oéq rp\éawe@y ghd by

stantially the same’time drying the top surface

use oflif8 aacihiromeahe sold@Boutlet 304, the meniscus 116 may be formed between the
proximity 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 areas 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



[ bJ Figure 7Aillustrates a proximty head 106
perform ng an exenplary drying operation in accordance
wowaos/oerel enbodi nent of the present invention. PATES2004/018900
proximty head 106, in one @&ébodi nent, noves while in
close proximty to the top surface 108a of the vvafer

108 to conduct a cleaning and/or drying operation.
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cular 0 uar e eni etc.
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Substﬁg}éng@lr@lﬂ&l% 304 have circular openings. [102]
Figure 8A 111 strates a side view of the proxi mty
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prommtw@pacbmm)estsmgrdaneﬁ wish on@gpr m¢é! 9t the pregentiinventipe The
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1002,3&&!&9% PRl fpoBR:t9 POEindentiRple vEuli Su8ay1066.1 Thébarious inlets
there nmay be a source outlet 304 to renmove DIW

1002 alrﬁ)@4t HWeeng Otul:iets d@ﬂ% seewsrands! drpnrelca senger Idi28c s @@hsor 1020 is a
in one t he e inlets 30
et SFiip ety PTG TEd kpF e BAT T B3 i i gy seplied by
the poPdch@W 3 s®EPect i vel y while the source outlet 304
may be utilized to apply vacuum 312. It should be

[10712RRE %&550% TQZd Qa%tbe r1]1¥i 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 (e.g., for measuring metal and

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



suitabl e configuration of source inlets 302, source

outlets 304 and source inlets 306 nay be utilized. For
wez@spbd@asl t he proximty heads 106 and 106b nayP¢EUE2084/018900

configuration of source inl22ts and source outlets like

the configuration described above in reference to

Figures 7A and 7B. In addition, in yet nore
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proximty head 106b and e fer,108. The proximity
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taser (PYioRo R oAU Hed Al BT P LB 10 858
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processi ng wi ndow 538-1 i n accordance with gne )
effectayg2idli Gragly > gretely BIOBESS SRtires ARLSRET epncentatipneof etch chemistry than

ool 5 REREEES OLMTARH S ko e o
removed frofpltRe safhce @f chgtv £fE1S10804\ prEbge pi-si0efikh Agawraeny can be

538-1 is a region on a proximty head 106 (or anx
accorpplisbed By d eRtiCH! InEaigranestiria Hecedry senteal aggiom A1 03ywithout the
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proxim#§-hkad@Q0Mena tHeffbRnhd Srkordi020sackodsah&wafel 1086an provide an in-
proximty head 106 is desired to be used in that

situ seegrgfahe entive swidacerh dlefi walar, as thearprisdbdwiad grosesrgd theswder)

is a substantially rectangul ar shape. It should be
[110]apfeaenstr 4020 bat alsdproside ecad tintehfeediraok ef therg-hvroctew Providing
(or any other suitable processing wn

538-1 d
the regbidf fralgadiclos (ORrRESyStER Ay oalPisd Rt %tcg @F@Pﬁo‘évi%]opfwié? g closed
contr&l%%ogg Sfﬂl!efeféi’alrgrgcetsg Prifd 85‘@&1 l[)%pg’clntx%'l gHhe g?c% ﬂaréglgeg\ggﬁnaﬁlfo%w the

a substantially Ci'rcular processing w ndow -27n

contraleGekthandfteictibel9 Bgjuertho dicipRice@f intri tipiee @M of the multiple etch
invention. |In one enbodinent, the processing wi ndow
process variables can be adjusted including head position, concentrations, resident time, flow

rates, pressureg, chemistry and other process variables. In this manner more precise process
control is 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 time 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



538-2 may include nmultiple source inlets 302 and 306

and also nmultiple source outlets 304. The processing
wWowRmwdows4388-2 is a region on the proxi mty heablCT/082000018900

any other proximty head ré8erenced herein) that may

generate and control the neniscus 116. Therefore, the

processing mﬁndOM/538 2 may be a region that dries a
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nvention I stra S ctjonal view o
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head "1000 i ncludes multiple process chem st ry inlets
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arranged around a sensor 1020. The sensor 1020 is a

measpiet g} begknswsribinch playecehliowid et bempmaissps § &8 sugt asthe process

chersf@Ye i’?ﬁ)@%ﬁfg&ﬁ% SR8 e beany type of

sor t may useful. within _ the proximty head
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wafer moeaseitgaystpartioD akscyibed aboredn Foane BANBowevek h@thdﬁé hddiglon of an
result. The sensor 1020 can include one or nore of the

in-sitp §¢1shil HR7‘ex Eipicarsy 12038 ds BrounieAop the asyitacertpaat of the
r n er ,c

prox1ﬁ§§/5h%5% l(lggeg ‘but éat(ﬁ mg%alﬁtﬂﬁrﬂfg% WEh ﬂle ﬁ'ogin'ﬁ\yheafi %@%&u@é fhe
sensor AROYA B3PI heARAS LEreRPHiding Ib@ﬁtﬁ(ﬁ@nehﬂ’thé pf@é@r&tﬂgfappned to the

refl ectonetery % ‘E for neasuring filmthickness)
wafera P l&ht)he@FWtM eah6@ar i ous endpoi nt det ecti on

net hods that are known to one skilled in the art.
[114][ ]H'igl}reHaﬁmewbiamm@mceasing)pyswm\mm’ imacexdampe atith one
embotgre n5C gﬁ@é)ﬁ%%p{;ﬂ%%%gjdogb %t 1$r)él¢ersn§1;1g sg;f‘%g é%&?’ OIS siln{]ilar to the

I

wafer }é%&%&g @X g%q?g‘? %%SE{@B eegl}g I'é Pﬂ@ hoWg@%\‘o\g%h b ﬁl-Sltu sensor
1202B acomtkahiaen\sdih 204 ¢hae rmﬂarﬁerft OIﬁ)thddjﬂl mélefhehling the proxunlty
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head 1QGg- otheraraml 2 @ilews e sensquiildOR it Boue md§p¢ wgomghe
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rom {he “meni scus ween the'sen
near tha@rdches isdinid gtiedto hbeyafaf1®R b8 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, 1301B. 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



[109] By way of exanple, the sensor 1020 can be a

fiber optic sensor that can be used for |aser or
whe@atbasd optical interferonetry fromthe dr yP€EDS$2084/018900

region 1102. i one enbodi mént, the proximty head 1000

can apply an etch process to the wafer 108. To be

effective and tinely, an etch process requires a
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procd3? Sl Bucr ERGTRUBRY AT ThRioE sebulidsa St tfgine
etchuﬁ@ idByiABRP6siABH, @lRirEslhb s M&ﬁ&ﬁﬁo@&yéépablel ot b@fn%valpgﬁéd by the
A nore precise process control ‘allows ever nore
surfaggigpeing geadieat. e ghoxdmétvihsad cassuppolten eletioplafngproress.
turn reduces the process time of the wafer to a
[117]rvi Iniamaeperafibh 131 10Tae in-Sits sdndor mesikors tHEgpre@Rs bahg Qf)plieﬂ&o the
process can al so enable a variable process to be
Wafefa]pq% selgseriped e defid pbee. of the wafer such as to correct
for a non-uniformty during the processing of the
[118Melhan opesativa 4 b, texiamsithagndof oipussnthetohitpimressls dffbe process
. nsor,. can detect a thinner filmin a first regign of
in reaf e, Jp GRC SRROSITS o EREing TPFHfs st ol dpraiebsteince. In an
alternkfife @ﬁlﬁ&ﬂlﬁﬁﬁ?% hEGtRE GBI %redé/lﬂgﬁf' 6% cbﬂtr&(yg&é{netﬂat controls
(e.g., etch chem stry €oncentration, residen
the process) for the detected filmthickness as the proximty
head 1000 scans across the wafer 108. As a result, the
[119]ndAaH DpEAFi B ﬂ#*mliepr@i%@@% B regpANNahaad lidéordln to the
corrected in-situ as the e process is applied %
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nee f.or C n he wafer tq correct
cymaiE Rt e RRETGAne pae) ot o SISFRe o GmURg R etE process is
adjustedgofls é/ulf@é‘tgjeﬁﬁwﬂrf%p 2ThSmBdbd RS Bg 1@9@1}33%11‘&?@){1 Al Alternatively, if
exanple, if the sensor 1020 is ddy current sensor,
the propess ig Mu@@tﬂtjﬂ realtirgnthesghs omthmlrand 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 more precisely controlled process that in turn 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.



measure filmthickness through a layer of liquid
(e.g., the nmeniscus 1100) such as the process

W@ b@siosd4sly bei ng applied to the surface of theP@EIE2004/018900
108. [113] Figure 12A showsta wafer processing system
1200 in accordance wth one enbodi nent of the present
i nvention. The wafer processing system 1200 is sim/lar
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104a, external of the proximty head 106a, but can
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foreghlHe ATRER PHERER GEMITR RN e G0 RS MR Eet 58N he
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dmnprOX|n1ty head 106a. The arm 1204 all ows the sensor
1202B to nove i ndependently fromthe proximty head
Whatli©bimdbisa result, the sensor 1202B can neasure
correspondi ng | ocations near the process being applied
to the wafer 108 by the proximty head 106a and can
i ndependently scan | ocations on the surface of the
waf er substantially sinmultaneously as the proximty
head applies a process to the wafer. [115] Figure 13
shows a bl ock di agram of a wafer processing system
1300 in accordance with one enbodi nent of the present
i nvention. The systemincludes a controller 1302 that
i ncludes a recipe 1304. The recipe 1304 controls the
vari ous paraneters and aspects of the processes
applied to the wafer 108 by the proximty heads 1310A,
1301B. By way of exanple, the recipe determn nes
flowates of DIW |PA and | PA vapor and pressures of
the vacuum and the precise |location of the proximty
heads 1310A, 1310B and the direction andrate of
rotation of the wafer 108, if the wafer is rotated.
Sensors 1320A, 1320B nonitor and eval uate the
processes applied to the wafer 108 by the proximty
heads 1310A, 1301B. In one enbodi nent, the sensors
1320A, 1320B can provide feedback to the controller
1302. The controller 1302 can then nodify the recipe
in response to the feedback fromone or nore of the
sensors. The sensors 1320A, 1320B can be incl uded
within the proximty heads



1310A, 1301B such as described in Figures 10A-11B
above. Alternatively, the sensors 1320A, 1320B can be
wWe@2a0s/0maBl1to the proxinmty heads 1310A, 1301B BST/US2004/018900
described in Figures 12A asdtl 12B above. [116] Figure
14 is a flowhart of the nethod operations 1400 for
in-situ nonitoring a process in a proximty head, in
accordance with one enbodi nent of the present
invention. In an operati dgrLA#MS, a process to the
surface of the wafer 108 by a surface tension gradient
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can inchU%e a rinsin cl eani.n et chi ng, drying,
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enbodi nent, the process is adjusted dynamcally, in

real tinme by the control system In an alternative
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time, then the nethod and operations can repeat

beginning wi th operation 1405 above. [120] As
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process cont
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in Turn allows a faster process tinme which transl ates

to an increased wafer throughput In addltlon t he
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]q?g,é&me [121] It wll be further apprecrated that
pl‘OXt Pnstructlons represented by the operations in
Figure 14 are not required to be perforned in the
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practlce the invention. Although the

7. The method of claim 1, further comprising adjusting the process according to the
monitored regults.

8. The method of claim 1, wherein the monitored result is output to a process controller.
0. The method of claim 8, wherein the process controller adjusts the process according

to the monitored results.
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for purposes of clarity of understanding, it will be
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practiced within the scope3df the appended cl ai ns.

Accordingly, the present enbodi nents are to be
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claim1, wherein the process can include at |east one
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he process is nonitored by an in- S|tu sensor. 4.
The met hod of cIa|n13 mhereln the in-situ sensor can
i | ude at ast roup consi.stin an
2. opfhtareRbaredine G iy e Bt Pteg: ofgt o eroup of
proc&?és%ﬁs@tfl il (!’Iéa]mn%’\ﬂ%ﬁﬁ's My fiMEnSprobess Sant &ﬂﬁ%ﬁb@ess a deposition

gr adi ent eV|ce includes a proximty head

procesei dnddne@lecobplatind prosbssr ei n the nonitored result i's
output in real time. 7. The method of claiml1 further
conprising adjusting the process according to the
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I'tor result 1s output to a process
' consxstmg ofdn @rticalsenddrenden lkddy ofrrepk sensvi8, wherein the
process controller adjusts the process according to
the nonitored results.10. The nethod of claim?9,
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15.  The system of claim 11, wherein the surface tension gradient device includes a

proximity head.

16.  The system of claim 11, wherein the process is supported within a meniscus

supported by the surface tension gradient device.

17.  The system of claim 16, wherein the in-situ sensor is included within the surface

tension gradient device.

18.  The system of claim 17, wherein the meniscus includes a dry region surrounding the

in-situ sensor.

19.  The system of claim 11, wherein the in-situ sensor can be moved with the surface

tension gradient device.



11. A wafer processing systemconprising: at |east one
surface tension gradi ent device capable of supporting
W@2@s0eds3s; an i n-situ sensor for nonitoring aPCEESI004/018900
of the process; and a systéd controller being coupled
to the in-situ sensor and the surface tension gradient
devi ce, the systemcontroller including a process
reci pe. 12. The systemof claim 11, wherein the
process can include at |east one of a group of
20. prOgesgsems dQldist i, Mhetfin theGh-8ANkEBoPERARSHoVER 1haép%haéht from
process, an etch process, a deposition process,
theS@ﬁ%@ﬂ@@ﬁm&F%ﬁ@“&kﬁ@@ss 13. The system of cIa|n111
wherein the in-situ sensor can include at |east one of
a group consisting of an optical sensor and an eddy
21. c%m@mo@mﬁpﬂkessﬁﬂ%awa@rwﬁﬁmgaf claim 11, wherein
the nonitored result is output 1n real tine. 15. The
s\VAPPBIRDE Pieressie the walas the procdse being Sapnerted byiagmoximity head;

ar gnt deyi cludes a.proximty head. 16. The
s yrg? em-d achSaH‘itn?fl tﬁe PIRGESSY 1HP S&P&%‘&% i s supported
d\ﬂghfﬂtu@g B Mh it soSreARPIt B 0s E('S}ﬁrcﬁl'éf frBes ﬁrﬁélsalnan
i ent” device. 17. The system of claim 16, wherein
t f?éijushng precipeefios the precasnil thel prbevdstdontroli¢ren seal tiameaccording to
the g 8 Sghadlent device. 18. The systemof claim 17,
nﬁm P HPSEHE meni scus includes a dry regi on surrounding
the in-situ sensor. 19. The system of claim 11,
wherein the in-situ sensor can be noved with the
surface tension gradi ent device.20.. The system of
claim1l, wherein the in-situ sensor can be noved
i ndependent fromthe surface tension gradi ent device.
21. A nethod for processing a wafer conprising:
applying a process to the wafer, the process being
supported by a proximty head; nonitoring a result of
the process with an in-situ sensor; outputting the
nonitored result to a process controller in real tine;
and adjusting a recipe for the process in the process
controller in real tinme according to the nonitored
results.



