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fabri caﬂ‘é@hgﬁﬁgﬁrmre particularly, to sopehod for noni tg)r%?ﬁé g‘ M

sem conductor wafer during a spin processing operation, a nethod for spin
drying a sem conductor wafer, and an apparatus for spin drying a

sem cond or wafer. 1 h ri cak f i,C ' , a

vari oty oMLGRHETD S SpaEE IS BOFON O IS s MR OOt BRal e er

cl eani ng systens, We Mgt HYRING acSEINEIRNYING QREBRASUAN on, which

typically includes a first brush box and a second brush box. A wafer is

" first scrubbed in the first brush box in a solution containing specified

chem cals and deionized {Di) water. After being noved into the second brush
box, the wafer is again scrubbed in a 15 solution containing specified

chem cals and DI water. FWecKaRIUNS CIMEAETRWENTION® a spin, rinse, and dry
(SR% station where DI water Is sprayed onto the top and bottom surfaces of

the waf er asThéprewadit @ivehGosilnes gAnerlly hesemt@rdub@s fabeientidrharipmgid y ri nsed,
a spin drying operation is performed to dry the top and bottom surfaces of
t he waf partictipdy.dpirmnaikar oy mopEprERg &perpiGeRAUCHs PRI KIENE RYPIIHEOGESHNENd bot t om
surfaces _of .the 2 At h j i IoJ; i i d

pr emat uPRTEHOT: A0 ?h(\é@f g%%mtd elhggrs a((::g%cg%wrt éa\’/\g@g%d g{at S?Pg ghly dry,

t hen thar}ﬁl{mgkdﬁ@mumo@gjam, the surfaces of the wafer may adversely affect
subsequent T abri cation operations. On the other hand, if the spin drying
opel@t i on | akt thelfanisarion pRseTHERNEEEAF JoMiess it Yaricheok AP RBIERABHOR PRETHATS

t hor oughl y hen, the throughput. product i yi f fer i ystem
suf f er s ¥ ﬁr‘?ﬁtgﬁlﬂ% n]?‘i Q] Hé‘?n?\f/g%evrvafglﬁ %é;arlllimr?éy \éefg%ét?rrlg ,V&agﬁs g%i S?l{ué) ?’5‘?@3‘1 g&%g? ations
are not sRA heHiBdypRalehRItbD . fRé@eishox anti@Reddna beushftare s abfet hefirgmf er are
thoroughly dry. Consequently, these wafer cleanjng systens run the risk of
ei t her stropimdng thenrshpiush beX/inmasodpemaonsining enesilige shgmisals and deivsivadi | y

ext endi the length of the spin drying operaftion . dn. view of :

f or egoi E@D Wi eAr}?‘g bﬁmﬁé]é%vefid&oéh %ﬂ%cgbq’lgl? B(?f(tettléer\H‘?éﬁ?lr%gag%\r{){gsgllugé%l%. when

t he;sur {g6asn BbnihinicWBESiePER N BAE SUOD] Waldf.yThawates Bi thertiiyhAtinapLs@hi on. 1 n

addition, there is a need for a nethod and apparatus for spin drylr[(l)g a
pped

seni condinet, and vief GRD)séation velisteBl water sprmydd phieghe porandibeHomsugaces

preci sel n the surfaces t he fer are o] : FY s * 63
W O 02/ \?Qfgga maf%ﬁ ey %%ﬁ%sé‘fe EHE?‘?“N@%’?{S&% %srptl)%éll@g peaki ng,
the p_re%ﬁaratibx?i‘seﬁ%ﬁ'ﬂo%ﬂedﬂddr? i85 andB&Elsn By fREOU W RGferet hods for rmonitoring
a sem conductor wafer during a spin processing operation, e.g., SBI n
drying, to d&terspintyipgepésbpy mubichotonghlydry dedor ard kaiiomnswsirend! thee waf er
are_in a desifed condition, 5 e.qg.. dry. The present. invent.i

provPded tﬁf)ﬁ@ Bt ré‘BEQP@fFHgn fsgfdpé’ﬁ? _ﬁre BN 15y egors?gpr{ﬁ Q}éﬁaggsc(?#otﬁgwaf er
that enghleg 40 ehodRighlyd)CRES tHRATRP Rindfihi@R oh ChRratRRTest Wﬁi%ﬁhﬁ? laglveately he
“endpoint” of the Operation, i.e., the point at which the. surface (or

sur f acesffeafsubseguewtffahricarien pperatiahes Onehic eduuhandoid theespin dryéngoperyiondeasy dance
wi th one aspect of the

iafes gt otbrch: i dnngerericades
e e A R T R

10 seni cOHH
this mﬁk&&mi@it@%@ 28R CR MR UGsBRLWEBR, 3n 6@RRAIidANGRfseRanihgandenbie waf er
is neasured as the wafer is being spun. Wien it is determ ned that the

neagir edpoabgimigtoprciovedra sohmenitaed wedbtermirespreeisely shen thegsugfacespf the
substanti gl | onstant  level, a signal is.gener.ated.indi L NG, he
sur f ace “&%eli%%%ﬁ?"@%& &y Oéls?f]élg?t:bggheé% H@fe?icgaﬁr,ung N S:t?mgFuﬁl.ath% ﬁglbhggﬁh&

enbodi Mgy irﬁg,ptihB@]%ngir)% bh&at@f Semafirdi of hRRRedaily SeARMRIR: feagthhs tisd gnal .
“In accordeﬂ}‘u}ce w th anot her aspect of the present invention, a first method
f or spi mpprayegsipagtiansem conduct or wafer is provided. This nethod includes
spinning the wafer, .e.qg., t.o a surface thereof. As the wafer,js

" spi nni ng, theInc‘%%Bf ‘Saﬁ%fsg?}aﬁﬁégfsé% %eeerq%gr %55&'&8?%rn%eéerg'%%lgﬁﬁ%gﬁsabt he waf er
S TgpaAs %ﬁ%- thd0&Rackl of e daf& 06 MefbuchBldry iea SRAaHISHopRaan a6 atidinioe, val ue

has reached a desired level, e.g., a substantially constant |evel, a signal
i s genertateds a heedrfes porgwdtandtapparatug frrlspinsdsy ingiarsgmégond aesoiyplsr that st opped.

| n accor dagl%se tl‘\1/<\3lI stplhn (?ryfnlérépgr%trfiog %cp ge? gtoggedtprr]eecis%iye\% Qﬁ[ th'e @MEQ@C& %?the%vacfgrcond

nmet hod 9@
MEAREATRA AR

are thoroughly dry.
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nonitoring a sem conductor wafer during a spin processing operation is
provided. In this nmethod, light is directed toward a surface of the wafer
as the f (XS ing spun.. The light is 25 directed such od 1 ght
t hat rem@{os?ma éﬁof the surface of the wafer is substant ipglkllflgis"{/‘E‘%)4
perpendi cular to the surface of the wafer. The intensity of the |ight
reflected off of the surface of the wafer is neasured. A signal indicating
that the surface of the wafer is in a desired condition, e.g., dry, is
generated when the neasured intensity of the light reflected off of the
surface of the wafer reaclasvismpry ot INVeEXaiioONhat corresponds to a
nmeasured intensity 30 of light reflected off of the surface of the wafer
" when t he surBamelyi spealang, ke piesint edvesidordiilis these rendoleprontson methods £pi nni ng

of the sem conduct qr?ﬁ@f er is staq g)ed in response to the si].%ncgl . _1n one

~ enbodi nBRAIOT}EA SREYEONAIOF HEET LRTpE 8 SPINPGHES TR PREYER: Ber S HBelr f ace of
the Véeltgngaé H*_%gi@g’lg whenflel {drRbL (drRURER s Y& RE wilteBre NG RYEdPERdtRonl N the
desired condition, e€.g., dry, 1s determined in a calibration operation. In

acco¥ daage dwi. t Theaprsdeint invéntidnhaso mepidet methodhandmpps@hits fonspempiogessing asecond

met hod for. spjn processi ng zil em conduct.or waf er i:t@pr ovi ged. . Tpi? met hod

i ncl udefSRERPIHAICHY W thi £BDle BiesPH Progessing PPEfalon P RCSIAIRET BEFISCEL t he waf er

i S spinpj.n Rt o L : ; . h that the

Tant RSt ppeChE IR PbiaRGh L. (R R (B e B L) SRR 1y

per pendivatdr ate ih@ debieedsantiaoma, @f., the wafer. The intensity of the Iight

reflected off of the surface of the wafer s npasured. Ah%{ nal indicating

that the surImesorin¢awithapreasped of sheprgeeat mugntasn g fift it .fgtr MOGHQIINgG &

gener at : ; Lt e . 1 . f f,10 of the

Jur Fohce SapRRLelER PR ITHRES bRl Bperbith Rt 1o G BEuRKE < o 2

measur edapabit£izs ivhlyie Obtwleeg hlcapeithmetseckooblid bt wdfie is mebaned of the hafarad er when

the surface is in the desired condition. In res_ﬁagnse to the

e, i gnal ,.
spi nni ngE1BE sPWHe WaskH i detempperbigat the AR eheAPATIHRBAE YalP‘FIB"‘SrFéé‘i’Ggé?‘Ilef‘lFﬁdensi ty
of light reflect f ot - gisin
t he des?e’rV 8I§efd%aslﬁs?tgx%allg'caﬁ%i&é%{{ei,?ags?%ggg%ﬁﬁéﬁh?ﬂdu‘éﬂ?@ Idltl%?%f%%e%per ation.
15 | n a@eoysansen Wdtdiredebnditioh,ves., @$pEconeodmbdikmpniegemiing nf tetwader,isa fir st
apparatus for spin processing a sem conductor wafer is provided. The
appd? at s@ppescingewense 3 B@&or e spi ndl e having a central opening

ther ethr oughey R GMRK: SRESHRNY 43R RGERR HARGSR Nk EncHRl GIEK

assenbly has a centr openin ere i'ncl udes gri pper

suppor t pfgedinied @midéndadtogdgeertiigoentd. This hetivel insludésspimin iha W, egnt r al
opening of the hollow core 20 spindle such that an upper end thereof

ext ends t@ giydugktaehbereeht Aaheopdern is gPippingnae emﬁeﬁa%%ﬁv’slbﬁw%nﬁani foldis

A1 sposed. Jaihlle HRRE b A wiferliD AL SR Cwnéh A IPERLTANGPHIANS Mealif | Qur ed 1O
nmeasur e Sapam ance varue bet ween e wal &r and the capaci tance sensor is
af f bged chghcltevaniefal thachad Ddiredrieodi agna subdtantiafipacatians 1dvat, alsggnal incl udes
a processor for determ ning when the caPaci tance val ue neasured by the
capaci t Zpessatednboiespanse iathe sizggals spinyng ot hewefer igstgppeds substantial |y
constant level. |In [of0) i I d : resent

i nvention, a?%%%%ﬁ%i‘%g%%%ﬁg‘?ﬁ@*‘%‘@%&?@?ﬁ&%k’ %eéée‘gé‘ﬁﬁgflg‘%zagsﬁhg%“&ﬁ@ﬁ%@ gg&waf er is
provi deggonltatifg aRO@icahdistornedfed@sing asspimstbecsaing operatiors s prswderbl In thisunt ed on
the spindle. The chuck assenbly includes grippers for supportin waf er at
an edge mdtkods Gght indiregted toxarchy Surfacs i Hierwereisd e waker F?ottﬁ*ﬂgeﬂ’“f‘hér%%gﬂht% is

osi-t.i onged such that ) jtan i i . space to be
bocasi oding R Soty AR g g FRRIEALRNGE (P ROS A B HARREER BORRIaRy SO0
sensor ipsrgeAdicugticte @fAeas Uetyde AfRAhkAsIGLl\Bd light beflavesinffofht er

“supported by the grippers and the capacitance sensor. WO 02/ US2(i37 -4
surface of the wafer 1s measured. A signal indicating that the surface of the water is in a

desired condition, e.g., dry, is generated when the measured intensity of the light reflected off
of the surface of the wafer reaches an intensity level that corresponds to a measured intensity
30  of light reflected off of the surface of the wafer when the surface is in the desired condition.
In one embodiment, spinning of the semiconductor wafer is stopped in response to the

signal. In one embodiment, the measured intensity of light reflected off of the surface of the



PCT/ US(I 1/ sUS9s I n one enbodi nent, the apparatus further includes a
processor for determ ning when the capacitance val ue neasured by the
capaci t ang, Qf reaches a desired level, e.g., a subst i sgonst ant
| evel . Inrﬁgﬁ%%gﬁngf)di ment, the armis novable so that the ggyu‘tg%;\r?%f t he
capaci tance sensor relative to the space to be occupied by a wafer that is
supported by the grippers can be varied. In one enbodi nent, the aimhas a
plurality of capacitance sensors nounted thereon. Each of the capacitance
sensors i s disposed above a space to be occupied by a wafer that is
suppor t eafebyhé¢hihe gnifpeds & thandsiedcondition heg.cdpyasi detenneies ém g oalgbratgon
configured to neasure a capacitance val ue between a wafer supported by the
" gri pper®E@nt he capacitance sensor. 10 In accordance with yet another
aspect of the RE&IsNk JiflVeRhl RikhePadpBit'of dRARBICAL S ed i, 3BEdInRNAERRSIRY @
. sem conductor wafer 1s provi de(]ﬂ. Thi's apparatus i1 ncludes a spindle and a
chuck agsepiokyssimguniedcanduttbewsfer idirevidddh eTlik nekhaissertidsyspimal gudie svaderi pper s
for supporting a wafer at an edge thereof. The apparatus further ingludes
an ar m havIindya sutaes thewal cas Dy aderde suintige. lﬂé’.ﬁ#ﬁ‘@ﬁfmffﬁ‘éwﬁa SPHJQC? Plght
source | I - di b : - Liagei RS er bei ng
support %1?1 “Bdﬁatshggpgﬁ??%% 21Iggf ﬂégtgltﬁﬂ%&ﬁggffloﬁ 8‘}%{“& ﬁ%’t c’hrﬁg? %f:c?gse%?%ta%% M@h e surface
of the papardidutarsobigtsarfuéeadilthe pafopelte mudmity bbthehighstafeaeé offfoftire waf er .
The detector is positioned to neasure an. i ntenﬁi%tﬁ%/rfof the light reflected

of f of sustace of thgewiers measufed e signal gAicaEiGas ¢ aceipb theWafFLiIs ik 2t ur t her
i ncl ude or, faof. Wal : kit drecRb oihe

Tght SR POERERPE of Uy, ELEUA R R Il eSO UM IRRFkorkoll o™

| evE) t bBthe e@ifdce 9 dirdsafeOreachs® as untendity iévehgiat yorcdspdridgho a mefabieed sdersfty of
the surface of the wafer when the surface is in_a desired conditj.on,

: . e.g.,
dry. | noflight saflseier weiraf the prstage pf the waltiaphen the syrkace 13 Whe Bt GANBHOR-he
light source and the detec r VIR r : n be
vart ed s SERE G bEGefEh 50 fhe SPUEN G SobEL, JHiobPERpByinlchE ERELLRAT 0°,
cor r es paidhisitg oNkigheEflteddst ecthesarfaewitiedwifeewbanthe sadhceds it the dedight
sources is positioned 25 to direct light toward a surface of a wafer being
suppor t eehdiijor;, hg. gy, ppeeternynechintarglibiatign OPeEeN r ef | ects of f of the surface
of e wafer.is substantiall ndi r{a . .
se g(;onduct o%n %?I(Leé ne a%rﬁ?‘lgfa%f) ﬁ’g{ %@{: ‘Se{cot%c%e?rfzgsegb%g |g t?dg)lhé%?ﬁgg alaatlls]gﬁoel an
I ntensi B%m ofockfitng 4 @hticéiidunion vatdriepiooidinThé higfatatsointiveed hiadlidvasoreef | ect ed
off of the surface of the wafer. The nethods and apparatus of the present
i nvent i epingHe having @ centeal openingtheggthiqugh.36 chudppeerPly 18 FoHNiSH 6B dissipiggtle-
operati e.g. .. .Spin dryin r t [ - arily. ext ' t he
ongth ore eicteneRRy Bty Gls et th MORRISRE Bphks 1 Bl 10
V1' O 024 Qafdruddn educREdkdf. SULles@39gishbedns @sashirhlropenini of tachodiotageous| y
inmprove the yield and throughput productivi té} in the manufacturing of
sen?@ onepiodlesuchethpicansippet endsthergobexiensy dhiropglotrecartral opanipg pPERiChECkgener al
description,and, the. fol.l qwi ng .det.ali i il phil r d nd
expl ana?%gPng’n|A§/H§H{§°f§r%glﬁ8‘i’&9 é%%h%i d@% ?R/ée{]%zc'f tl{.ﬁ?&elées}%vgxn z}pgér?%gés%%%?ned.

BRI EF De&ERurH tohhéburtHz .M NGRucThew e ctheparyt iang tiraaphdigsce sshiehs ar e
incorporated in and constitute part of this specification, illustrate

exenpl arffixedivodicremitoldfInane epppaimanbrihaarpataberciurber fFludes nRICERSEX PPt i on
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Vi ew, onént's in cross:sect er conponents in
per SPechdveE e\l @WubShntamyevasiiagdel.chuck assenbly and hol [ ow core spindl e

that includes a capacitance sensor in accordance wth one enbodi nent of the
i nvention. Inaccordance with a still further aspect of the present invention, a second apparatus
for spin processing a semiconductor wafer is provided. This apparatus includes a spindle and
a chuck assembly mounted on the spindle. The chuck assembly includes grippers for
supporting a wafer at an edge thereof. An arm having a capacitance sensor mounted thereon
30  is positioned such that the capacitance sensor is disposed above a space to be occupied by a

wafer that is supported by the grippers. The capacitance sensor is configured to measure a

capacitance value between a wafer supported by the grippers and the capacitance sensor.



Figure 2 is a sinplified top plan view of the manifold shown in Figure 1.
Figure 3 is a sinplified schematic diagramthat illustrates an exenplary
manner in,15.Wigh a sem conductor wafer may be nonitored pdyhisifs@o$Pi N
dryi ng operation in accordance with one enbodi nent of the invention. Figure
4A is a graph of capacitance versus tjnme for an exenplary spin drying
operation. Figure 4B is a table that sets forth the status of the fluid
filmduring stages A, B, 20 and C shown in Figure 4A. Figure 5A is a side
vi ew, which shows sone conponents in cross-section and ot her conponents in
perspective 1H &w, entodimerd] tite hppidrags furthepaciudane prosesssofor delgrmiachgt wieaneon

di sposed above an exenpl ary chuck assenbly in accordance vi/ith one

" enbodi niStcapAcitepes aheaReasyied bZthCF@QFJéz‘“SBS‘?‘?O’ére%‘i}}%P%F?ll?ﬂl B %% edv of an

arm hav Lﬁb%ta%&]ﬁp@o%is{aapﬁ@%].s GRSRE ﬁg&g@h@ﬂ% tﬂggﬁ%@yﬁk 89tz 112 fSHioh NI NG

, device rnaccordance wth one e e tnvention. Figure 6Ais a
si de Vi ey, caphvitahiceskaws relatie: wapgneatesbd stcopied by sectférahatas sippbtied by the
conponents I n perspective view, of an arm havin rality of capacitance

a pl
sensdr s SBPParbeAR eV arisdr Bppneginaindamentahie vem Aas &R FFﬂl%chzﬁ’ﬁEﬂ CREIEMI y in

accor danc i one i I | rd L 2

by Usoupiigfb: SR 2R O IR Abachantd\enldty BHi ited abolls sPhcttb bt Béqudiea

pl ural i by aGfaf@ap@acs Lipoted BY BRIipio NARitkat i of thovagpitpedetsorsis posidurahi ng
device in accordance wth one enbodinent of the invention. Figure 7 is a

si npl i f ietheasiereapaeitanica yrlapmbevesm a yalsTsHRPR AN h\8epresy ¥1ER¢ i ¢ 5 sensor
nount ed t her.eon in accordance with one enbodi nent of the invention.

DETAI LECPHSESHRF BTN OF EXEMPLARY EMBODI MENTS Several exenpl ary enbodi nent s

of fbe invenii gtomlahte WaWyBEardERE hiperbfitie prebai Inventidh, hefied sppaetasfor he
acconpanying drawings. Figure 1 is a side view, which shows sone caonponents
in crossPisesedessingn seroichruciy WadrrioREYided; Thisapayatsindudss agpingre Aq 2

exenpl ar huck .assenh a Q i ale .a
capacit§%¥%j§§ﬂgg¥nrwngcé@ﬂg%ﬁ%%&§¥?ﬁ9@ﬁgig#%%gﬁ%gﬁﬁ&%$Eﬁéggfﬁ%ention. As
shown t kgkRirthg £ ek aess@iEe!iherddI0 Ths appuathethrdlr moludevarcanehspigalight102.
Chuck assenbly 100 i ncludes chuck body 104, which includes a plurality of

spokes, saurde hichk dejeeter mosntediictsona e dighispres is positirned o Kisect dight tRwagdi c k
body, The . nner end of each |ink arm.106 i ] i,de al ong
he 31 datire e atgemeoaroarry s Ruppansi iRt e A 2R, “a

expl ai nggrfide TR SRE Al subfgdiBNYy pekeaictiaptonhabafatl 3f fetvgafen Theplertios fuck
body 104 and covers the noving parts of |link arns 106. Wafer backside plate

114 i s gositomadomasireek intonsitylcditlee liglp reflpgtediafkofjthe surfrsp ehvtheafetur f ace of

sem conductor,_wafer 116. trippers 118,  whi r ' ) YerdRURE £ chuck
body 104, s upp 8P e%‘?éfr’e_’i&[g’%{%p AR dgne ﬁ%cﬁg% .a%‘?(géegsg)& r%e%l %’ztase vv]g“l’ gP %16,

gri pper shelthBasaf&l iRleHatyesk thotishtasflaanofP obihkisefad2)of Sihd wWafegreseigan! 08 _
upwardly al ong sl eeve 110. As wedge 108 noves upwar dl link arns |06 slide

i nwaPd| yntehsdiydevehéhas coresapndsop arnrasyied deensiy of Héhtéﬁﬂe%%@fé ofte PR of18 to
Bl opentt MBI ufCe Mseeact b JE068 SR lhe fri AR HORAR, SLEHENS
09/ 747, 68Suablel doRat e PRURITHSTth2Reht 3600 ard the@Bickfol @dative to the surface of the
wafer can. be varied. In one embodiment, the arm has a plurality of light sources and a
corresponding number of detectors mounted thereon. Each of the light sources is positioned
25  to direct light toward a surface of a wafer being supported by the grippers such that light that
reflects off of the surface of the wafer is substantially perpendicular to the surface of the
semiconductor wafer. Each of the detectors is positioned to measure an intensity of the light
from a corresponding light source that has reflected off of the surface of the wafer.
The methods and apparatus of the present invention minimize the risk of either
30 stopping a spin processing operation, e.g., spin drying, prematurely or unnecessarily

extending the length of the spin processing operation. Thus, the methods and apparatus of



25 "Chuck Assenbly for use in a Spin, Rinse, and Dry Mdul e and Met hods for
Mal ting and I nplementing the Same.” The disclosure of this application,
which is &y 52gp§g7to Lam Research Corporation, the assignee qfs)hRes ubj ect
application, is incorporated herein by reference. Hollow core spindle 102
includes rotary shaft 102a and |inearg shaft 102b, which is 30 coaxiall y
di sposed within rotary shaft 102a. As is well known to those skilled in the
art, hollow core spindle 102 is coupled to a notor (not shown) that
provi des rotational power to rotary shaft 102a. In operation, both rotary
shaft lﬂ@q)lemnlt ihvergian agdhaftdgeb02p impbat ehe yweld bnd theoughyWiroictivit? (»8i¢
PCT/US(11l/slls'ls _rotational power provided to rotary shaft 102a being
" transf eFRBYaEYTIpg ARSIMISHIULIOT §OHCey pi ns 120. Linear shaft 102b, which is
CouDL el L0 nEUTR WAl FRNRS R A AONNal 0 pliiah hORIRASH hOmET ¢ he
, wedge and there cause the grippers I vot ween open and ¢l ose

posi ti Oﬂ&s,crlpﬁordﬁﬁ emrbplduabﬂ\eeplaﬂatdty oriy a:hd sletnat fesiricagacittha gnvehgors tag uct ur e
and operatlon of a 5 hollow core spindle are set forth in U S. Application
No. D9l 2700%H0, filed on Decenber 23, 1999, and entitled "Hol | ow Core
Spindl e and Spin, R n \Vbdul L i Sane." The discl osure
of this application, Mﬁ%r 9 & h Corporation, the
assi gnee of frheac%epi #ling8 BRIEAL LAh a‘u,sm'c BFRQf i3 LRd cBRYiRLE ayofﬁ‘—ﬁserence
Wth continuing re e)renc to gure 1, sleéve 110 is |sposg in the
cent r al speedivation, dﬂusix@tdmleimvaryembo&mentﬂloétlﬂaﬁﬁvexﬁ‘lloe ang pegetheowithole of sl eeve
110 extends beyond hol | ow core spjndle 102 and through the central opening
of wedg@esEORIQY RS IRAKPlaHEth G@H@?IP@F.Q B 18YSgHOR 110 is flush with the top

surface of I e upper
endi@f sl ee\\ll\g ﬁgopﬁﬁéﬁu%gﬁg %%hljsgl“g\f/ %%gg por]?m%%g&)lll G0 a%%?rgﬁg%e&gged to

del i ver compordsis iet pgrspedive viuvd of e mxesipligThuck aslsanlbiamhd hdiowkomabawdlel 1G
"These fluids may be supplied to 15 nanifald |20 through supply | ines (not
shown) Haw@hldr«w541@61&@109felsowﬁ&ewaww%wbpﬂmrg b RSP ¥EHOBN nani f ol d
120, as desc r | f nesence sensor
122 (see Fi giu:lr%?g% Esrﬁ aﬂlpﬁflg&egg ?11‘?1%\2 ttﬂoe nr%%ﬁl Tl& ?gwa% IEI“fr;?]rgaccor dance with
one enbodi rTEthu@é3is|"E&81n1pMﬁBd sdhBmatapagiahathasillaansaranlémprpmauhaded on

mani fold 120 to nonitor the sem conductor wafer during a spin drying 20

opetdt i dthiche sgpieonslugtor yakar mayibeirepitosyl g a\ﬁpewlr&smgmﬁiaﬂen # 120 shown in

Fi gure | ce sensor 124 is affixed to the
central ccoﬁfalng% o Oan !%Pg?%&fgﬁftﬁgapam ance sensor 124 may be affixed to

mani f ol d 120F1gslngaswy giiph b bapacitacbnequetimé foranexemnphdy spintiiyigapaci t ance
sensor 124 is affixed to manifold 120 by enbeddi ng the capacitance sensor
in the RBEW@EOMI from which the nanlfold is formed. Those skllled in the 25
art will appi# - ukly
enbedded or paglfi\'tr?%%stﬁ'?att%e tggteg& %%r?gun cﬁqﬁ@ﬁm@%ﬁ?}bﬁ eedy z%lséétghce
senger s add € showie Bigakd ¥Aavai | abl e from e.g., Banner Engineering

Cor poration of M nneapolis, Mnnesota and Omwon Corporation of Tokyo,
Japan. Fi gur 1R 8A4s 3 pidp view, e s PRe QPHBPREAHSHASFOSPSeGHon 2Ad églean
exenpl ar i I d during
o op PRSP ek B A AR bR s RREBRR R LY O
As s hO\Mdlstpbszadeibave aegadiflan chuckensmibl 2fladcoriages Witk bnaaabedjmemesfaye si gnal
toward the backsi de of wafer 116 and detects the V4' O 112/11S2137 _g.
PCT/ US| InVeRUSIDS ener gy concentrated between the capaci tance sensor and the
backsi de of r nce
sené%r 124 dteﬁh F%@%z%aéﬁg’?}g%. a\hg\g O\?g{l%gﬁgg‘f@\ggn%{‘té} angﬁftl%g

capaci t@lﬁ&&)nscﬁiﬁgléﬂ-to Ib@mdbﬁhgd&ﬂt@lnmaﬁﬂm,W1[1’B(I5rre]eniﬂﬁ>ddﬁéﬂtm>€dwby t he space
*bet ween t he backside of wafer 116 and the top surface of capacitance sensor
| 24. 5 DNeNHE.a spin drying operation, the dielectric constant, [err]
changes as f I V& 16. As
changes . Ry AL AR Al ATBY S LT EpBpb SRSl el

t her eof .compofdniein peRipBeiPleodes.sifag atpdndhg aphuraliffef vajaeitareyelsawe a fluid
filmon both the top and bottom surfaces of the wafer. The capacitance

val d@s dequatas thergomyispessd ebeveriteexsmpkapy chusk agsembbbint Jererdadeyvitieene: o si gnal
processqr configured to generate signal 130 when the
surface® bjoﬁﬁnen‘{m el&pend??/, as explained in nore detail later. Signal 130
may be in any suitable form In one enbodi nent, signal 130 is in the form
of a flag that causes the notor to be stopped and t hereby ends the spin
drying operation. Figures 4A and 4B illustrate how t he capacitance val ues
provided by the 15 capacitance sensor may be used to determ ne when the
surface of the waf er |s dry |n ~accor dance W|th one enbodl ment of the

. o r I




4A, in stage A, which is the period of tine just before spinning of the
waf er begins, the ?0 capacitance between the wafer and the capacitance
sensor hag,a.le ively high value due to the presence of <6k filmon
t he surfgggﬁgﬁb%ﬁz wafer. During stage B, which is the pef?ggﬁgpﬂ%?he
during which the wafer is spinning,_%he capaci tance decreases as the fluid
filmis renoved fromthe surface of the wafer. In stage C, the capacitance
remai ns at a substantially constant |evel because the fluid film has been
removed fromthe surface of 25 the wafer. Thus, the region near the onset
of stage C, Figire 6H 3% $i21iA0 RHdiew BLar@hlavadg Mpluedlity bEcapagiaatt ance
reaches a constant level, is areliable indicator that the surface of the
" waf er i snemy modotedrtkreeyl sQupled (o a@OsIBBIAE HYIES BT 2aCABIaNGH EWR PBH,  si gnal
processor %ﬁ%‘éagﬁ F%gune 3) is configured to generate a signal when the
 measur edPRAPBENG A G VERURE- F eaches a substantially constant |evel. 30 As
used in conngghieoNisi diMphihied S880AHEPYSANOS! dnhemiHavaatananterfefeneptic ase "t he
measur ed capacitance vaFue reaches a substantially constant |evel" neans
t he $oiﬂmmaunwhﬁﬁhmﬁﬁ@nm@asuﬂb@C%HﬁQQHQme@hV§PU@¥h§UH@nW@hger changi ng
significantly wth tine. 1 9 P slIs~)s wll be
appar ent t hat ?b@ﬂééy.. A ONQE L AEMPLARY EMBORECENS e is no
| onger considered to be changi. igni_f.j W i . aried to
suit the neeg?“%%eﬁgp?a@h?ggggl?ﬂ%@?gﬁéh&%@bhéQQﬁ%Pg% (Fg%gg?ﬁ?xgan be
def i nedya$ rPRtdite o the Wiostbahgink Aeavagt at which the "flat" portion of the
curve shown in Figure 4A starts. At point E, and all 5 points on_the curve
to the ri ght Figure hissa $5d¢ view, whishgheweseme eorpRANGBEAN §TpsEaacdio) andrglslir ed
capacitance val ues is essentially zerg, Lxel Nt whi ch
o feacuineeneai ereRracyae! L ofdhin LhOL AL g eplIGy @Bl
si gni fi gapidchdss b Bagacii®hce @3BnsBeindrtoragsteasitiponcdmiuliimedt of heomeettnbetfsor
point E, on the curve shown in Figure 4A. At point [err{ the difference

) p A
bet ween siswochsssin shuaaasserably dAP scmpunied oy Apilaw come spindiint02y Ghyek a3ss™Okan

ero. Figure 5A is si.d which sh .S ' :
éross-sgggpﬁhméﬁéuﬁﬁﬁ@by§8¥b@ﬁgﬁp§h¥%s%Bﬁy%g%gfggﬁgggagﬁgkagﬁpgﬁ%ﬁgvﬁhg a
capaci t gRGe3EA$Phe ¥PYIRRA i 8180Bodli. SRRSAALFAEVE AR 1RkeRRI KBS chuck
assenbly in accordance with one enbodi ment of the invention. As shown

t hel ®i ncomfignrdB® shide hlogg clapadivadlfevesignd 88, wiidah israbidakls anquniadassliseye 15

di sposed, above wafer 116,  whj is held b ri.ppers 118 of c enbly
100 Tha!Gomserened mFoghiRl fdeusiych i mite | BESITrRE snid iyt

ref er enggy bveld @¥MSovIng gAY liskialthe dod. mviahee badisiadl fldte appisetiatiied tbkAtick
spindle 102 shown I n ﬁ%gure 1 has been omtted fromFigure 5. Arm 132 may

be anchoopeplated 12mapd st juabbaow tpporfachefrsaricondugfor wafer A loreGpPREe L% wal | of

a spin, rinse, and dry nodyle., ln one odi # i rted by a
20" pos; eititere PREUHREBePBiEH oB anish oS P er EpEl darer J Flf ol PR AT Y
sensgr 1dd,se ¥ RASIT6! Srigiir& A 26 pRB&IIANoSIndIHBh pbQWds By tidEing oRdgurdsace of
waf &r 116 and detectS the energy concentrated between the capacitance

sensor apaatdipaloop seaved Bk Af wedge Wdfreoves Bawarlly dinkiaemel @ elidsdnwarihyy

| evel , capacjtance sensor 124 termnes a capacitance .val t ween waf er
16 and 4406 the paeEACBe sgo e SrEbT st e Res 104  CRESRAEOREL by 25
capaci t fon € i ' b fHeOdmbinrd 8l diRrdicanadhwkosesssy 1028y

whi ch, gggggﬁb?ﬁgg§%§§§5§¥q8%ﬁgﬁgtes Si ﬁal 1§%rmhen t he surfacg of f%e

waf er i sedfiogth(sl$ahppicedesSor09124 .60 fisidpndPecesbentd 200bwidieptitedyur e 3) .
Figure 5B is sinplified. top vigw of a V] A% nsor
ouSed Chure Seeatpfedtt it SopBsREre el RERER AR HRE 1S
enbodi ”QH%D 126 1R0S 4/ @ Mitre Al RBreSITONTS applRagbM. widEiskedghel tpiDaat abl y
*coupledt léégﬁﬁfoner 134, ﬁhfgh pi vots a?%leZ in the direction of the
arrow sRdshath Capacittanthe e gserof IRsubjrotiampéidatidne isdperrperatpddreraimby sur f ace
~of wafer 116. The dashed lines in Figure 5B denote the "scan" path VI'O
U2/ US2139enep| | SUL/ SUSOS - | U fol l owed by capacitance sensor 124'. It

will be appargfiiod eokRBRRAICHI hatdstolahPsmfitiothaha Bhdik Jig: 10, heicay ed
relative to wafer ?6 n other ways. For exanple, aim 132 may be rigidly
coumeed doaxipllg disposedrwiitdd retany shive 102 i As Brvet] kreynde tmse ekilled imthievid. t o waf er

116. In the case where positioner 134 pivots a 32, .1he positioner. may be
mount ed AT R ABP & S Fee 2 mepanot oy Mt i’ Bl pOUET oY a
Spin, ringey s@R1YaY HBHthGon, bBth rotary shaft 102a and linear shaft 102b rotate, with the




t he case where positioner 134 noves relative to wafer 116, the positioner
may be nounted on a suitable drive track. Figure 6A is a side view, which
shows som&ogﬁmggﬁgnts in cross-section and ot her conponenpﬁ JUopSissPect i ve
view, of an armhaving a plurality of capacitance sensors 6 mount ed

t hereon di sposed above an exenpl ary Ghuck assenbly in accordance wi th one
enbodi nent of the invention. As shown therein, arm 132 having a plurality
of capacitance sensors 124" nounted thereon is disposed above wafer 116,
which is held by grippers 1 I S of chuck assenbly 100. The use of nultiple
capaci trattienslgser prav2ded te nathiyeshaftd02a lofing hansfarrddao dinedr shafft é02h h6pine be

it . . Th | al t i h of 15 it
Sensor. 20 Aancas sGAE S Hister gomes Do B ARUBRLSaP 13goSG ahener at es
si gnal tillg’?oé’iﬁ&popﬁ’ﬁ Qf\(eﬂt’elé th%ﬁzeg%hﬁs%'?ﬁee SERRALDIVABEGRER %g&hﬁ{d dibggsurface

of the wafer s dry (sfFgnal protessor 1 and signal 130 are shown in

Fi gur e @yitionk,gurdes@betl abaves i Auglifi driad dethibqregardingahe strucanmahdopargtian glaur al ity
of capacitance sensors nounted thereon coup] ed t i fioping . deyjice in
ccor QT SOMBLeEe BAHHh frlhe. Sposaion Roent S SoRdied phReruies ) aim
132 is fjgg0 it o8 PloRGw inieCRASpiB Rindh Gl DY YR RIAREERE the the
directi gr?\éb%ﬁitjéhrglﬂgrergﬂv?/ﬁg%t(%bﬁgtgﬁlgglgﬁﬁoépcépé?:éle’?ancg?gensors 1§4§l%rmunt ed

t her eonSdnse’andic disvdossity dfahie applioatiberwiiidibis abkignaooilianaResearchfCdrperasaanni ng

novenent of each of the nultiple capacitance sensors and the rotation of
the wafBp apssss of thesubise AMPlied I pisilpePYaled hercH) PYI{HESEnt i re top surface
of the 25 vahah difihiide forsRh ARhig 1 PRENR!B% diShAYA f the lcBnifal BpRht bf o
schemati c di agram of afi arm having an’ i nterferonefric sensor nounte

t hereeonhdipvacsokpianee 0¥ tThe appereliagi dfelkevel 10 Haeiddbendriddivllodscosd own
therein, interferonmetric sensor 136, which includes a |ight source and a

det ect owpindle e and daough thy eantrabopering afjwpege 488 puch thattheerper pahef 2lesNar d t he
top sur e .of f 16 30 such t.the i t g Ject 2:0f 1 he
top sur 1208 ik Whdhe iburtie St B REp ot RIS L2 P Bl Bend

ori ent aggRPcid of dIkereS 10hBIBEHRCIZ ialulidsqdirts 1004 that inag be kel tdetleedr dluids,

measures the intensity of the |ight that reflects off of the top surface of
waf er 14.8., air apd/chemiziries 2GR Rl wafen bbx These flpidgimay bssupplisdriant to

t ho ski | .l. LR L he art at an ui tabl i ght C hh the
e o conte oD B Sdeal ftes ¢ BB Fed o RN PG RSE1 0
light efighéyingh sH RHRif6IEDY, asThReerited M nidid @tdiPrtdroWededirdd) evaseipraseseeof t he
waf er preferably has a wavel ength in the range from about | 00 nanoneters
(nn) t oseabaul22| (s @OBigme2) alsd nmyrbe abfieddde nedslifpld O he range from about 500 nm
to about 850_nm In one. enbodi t, t | i ght. has a wavel engt h,,0f about 680
nm The use B‘facﬁP'EqrAH% Wit png ?raﬂ(gecﬁ{ngnhcgﬁhepllng?r&opeaapgg@%ﬁ%éer]sgr R%a Slead to

phot Oaﬁﬁo_%fo%d OR PhARRI P T2Plo BORRR thetRmieinalctdl Rafef OSSR SKiih dgdnd n the art
are famliar with suitable detectors for rreasurlng@the intensity of the

| i gPQ t bpetraticer |Rigurs 205 f sfiplifted tepipfanceevod! merfigald 13@ shovo mdgimtlenss ty

| evel s asur by interferonetri ensor ,136 are. conti nuqusl dto

si gnal g%c%’elg dgu%z%ce_}p%“&ﬁ S?nssoifj?hfsﬁﬁ}xgajf? glcgcgﬂt_é‘ﬁﬂoglog’i Ogur{ﬁ?rx@ ' when the
surface;sf CHRCMA B sehsdr 484/ mal Be QiTfed 'ﬁ@ﬁﬁhﬂ@lﬂﬁ?ﬁiﬂsﬁ?%b% @ﬁi@%&&{ni%@eg'
generates signal 130" when the nmeasured intensity of the light reflected

of f of Ihenesumbcsiimentf capatitancd sdserckdhie sffiaed tmmenidoldyl 20 by embedding ésr r esponds
to a neasured intensity of light reflected o of. the r f ace,,of. t.he 15
wat or wiHeHge Serepn ushe S HomeB B uiolt Sriobi obhof S Pt e
of fr0f LG, i8upfRERiethatthecati®nc¥iaRol M8y BEHRS BullySerilbedde®yr PetislBL er m ned

in a calibration operation. The environnental conditions, e..g. , humdity,
“under whinbéddeliis theaharifcdd.i Buitabjrerapaditined senewn diectonuneshielly dvaskblefeosame as

t he environrent condi tions under ich the spin. dryj opgeration is to be
per f or n&§: PR gglée,enpglg%mgttﬂneqj I\\f,ih‘r?f’g}i’?ﬁlf eth"bﬁ%/d Qg{rgﬁ) OFPé)Ba(%ﬁoﬁ the 20
cal i br apf pgRP§4ALI ON may not be indicative of a thoroughly dry surface or

‘other desired condition. '
Figure 3 is a simplified schematic diagram that illustrates an exemplary manner in

30  which a semiconductor wafer may be monitored during a spin drying operation in
accordance with one embodiment of the invention. As shown therein, capacitance sensor

124 transmits an analog energy signal toward the backside of wafer 116 and detects the



Those skilled in the art will recognize that arm 132 having interferonetric
sensor 136 nounted thereon may be pivoted so that the interferonetric
sensor "sgcans' - surface of wafer 116, as described abo ichDs <65 er ence
to Figur y@Bﬁf"air(H?he capaci tance sensors. 2~ In additi on,\GngSt}ra‘ﬁy of
interferonetrie sensors 136 nay be ngunted on arm 132, as described above
with reference to Figures 6A and 6B fur the capacitance sensors. In
sumary, the present invention provides nethods for nonitoring a
sem conductor wafer during a spin processing operation, and net hods and
appar at gierdyaronsg@itratqar mtessi the capasiearice serdocinorthevbdakside Dh éhei wafentBasad has been
_described herein in terns 30 of several %rgrrgl arg/ enbodi ment%. O her
enbodi nenihg deteciep €nergy devel GAPARItRTICe5eNsQp bat EHETHBCS hifPaCALE VEHS i n the art
from copsi deratd i fi i L fo theef ion. For
excampl o RaLEHERT € ingt BE cBRERLCE SepP TAREBE Ch T o SRR e

sensor the WA DedWlder 1 backdide BGIAfed 1 B drld the iipGsunfaye bcapsetinws tdns@ ICHUCK
assenbly and spindle having a structure that is different than that of the
exerfpl abyrichashinaksyegbbsraten trodieleciric spestansi sacihangrs$6 LA es&isn. | n

addition, it wll be apparent to. S kill.eqd..| h t

int erfeWB}?éF?yen‘st@ﬁg‘?ﬂ?@ﬁ%% Wlg" gg@c‘&? %M“H&ﬂ% Jr%eéhﬁa%éﬁ%mgi%ﬁ% 8t o detect
the "engpobRbnlythe opsRiAcdinticBs MRREGshiarprotekiife 8pdrafiGRBE Wafershaych

i nvol ves the use of polarized light, or other suitable interferonetric

t echni ghave a fhsd éidwl cofbatiethieden arhatipm stmfacesrafdlag water.s Tapernseiémes veldes eat ur es

descri bed ahove shoul d be consjdered exenplary,. wth t SC . L.he

i nvent i 6HCHUP bﬁ@ﬁamcfﬁe‘lsﬂléi'apaﬁ%ﬁ%'ﬁﬁm&?%ﬁ%itgﬁ}ﬁn?h%ﬁ%?esg(%a%&?aﬁgﬁ s. \What

i s £ ai RAnfiSured td\Bideldd 4384138 LB THe ddefadelofl té ialsr is di9, 4 ApMinell.inA et hod
for monitoriRg a sém conductor wafer during a spin processing operation,
conpr i sinoge datEbkuteri Sigral t3paey baincanywsaltade bamadepng eobpdicnenasigakE¥sor and
a sem conduct or f s the sem conduct or wafer, s bein n. determning
when th# 1%@%&@%&2‘1%‘%@ s |rﬁfg0§@33gﬁg§>135 aﬁ%h‘f’be yleggseﬁ%;g%%l’rrlld gener ati ng
a si gnal. - ndi i;ag that the surface of the sem conductor wafer has reached
a desi rgahﬁbg%ﬁtidgh. 2. The nethod of claiml, wherein) in response to the
si gnal , spi nBigugesofA hib4R Qllseatehomdhe tapacieice valuss provisisddy the net hod f or

spin_drying a sem conductor wafer, conprising:.spipping.a.sem.conductor
waf bt t BARIFYANEC SEiSPRERY R&pEP deteaming Br‘r‘fn""cgﬁ%gf)g&‘e\ﬁ%fgrls % i nni ng,
r’reasurlg ofdnBP AGth (AP EHbY AR BEHYERRNBort ARG LURNGES SERSON capiiiahle

sem conductor wafer; 15 determ ning when the neasured capacitance val ue
r eaches verssutimt &t dnadxesnpbon spiadtyih@updratiope fégure #Rds a tahlgat setsiodhitihe

' esponsg,‘taEu% otf ?h% f%l,lllg ?i?rln’du%tnggt%iggsgA,t ’e an%pé S aniWr'Pl n ig&rg a3 s s%%rv]vcrilulﬁ tF?grur(\:Naf er.

4A, in stage A, which is the period of time just before spinning of the wafer begins, the

20  capacitance between the wafer and the capacitance sensor has a relatively high value due
to the presence of the fluid film on the surface of the wafer. During stage B, which is the
period of time during which the wafer is spinning, the capacitance decreases as the fluid
film is removed from the surface of the wafer. In stage C, the capacitance remains at a
substantially constant level because the fluid film has been removed from the surface of

25  the wafer. Thus, the region near the onset of stage C, i.e., the region near the point at
which the capacitance reaches a constant level, is a reliable indicator that the surface of the
wafer is dry. Accordingly, in one embodiment of the invention, signal processor 128 (see
Figure 3) is configured to generate a signal when the measured capacitance value reaches a
substantially constant level.

30 As used in connection with the description of the invention, the phrase “the
measured capacitance value reaches a substantially constant level” means the point at

which the measured capacitance value is no longer changing significantly with time. It



4. A method for nonitoring a sem conductor wafer during a spin processing
20 operation, conprising: directing light toward a surface of a

sem condu f.er as the sem conductor wafer is being s <bi ght
bei ng iy Sl 25 e light that reflects off of s T SE A
sem conductor wafer is substantially_gerpendicular to the surface of the
sem conduct or wafer; neasuring an intensity of the light reflected off of
the surface of the sem conductor 25 wafer; and generating a signal
indicating that the surface of the sem conductor wafer is in a desired
condi t i el inheppatdmemmaremoérdaitwh'@hsthetlyxeasﬁlretdrpapdidi@me vodid waodohgsf f of the
surface of ({ehe S onductor waf er reaches an |ntenS|

" corr espBofY! H3def° Eﬂgé‘&g pgnifiqathy itk time Gpp "r%"ru} 3P 8 ﬁ}efn68$ ?frre surface of

the se CL Qi 8o ReBl MafcQ teopht | on. 5.
. The net %ﬁ@rg%ﬁ glﬁaflgn\l?s4qfo\f\h\égrﬁg?l%hﬁ]s?égrgg%g?résgd%ﬂgdt gom gna\{\ Cspltnnl n%t of the
seni conduehioh thedfflat” patist opthedurve s mﬁgmzm.msmm@mm andirllil | s9s 6.
The pet hod of whereip the, ne d ensi t ht reflected
of f bf PHASR 5%6@%@ (PR IELERS ispints BF diisree \treﬁtérrrerﬁ% C§W¥%’P§“F‘§du n the
desi red £opgi Lk Q’QLUESSIS% §e‘?1f1§11§1§é?0' RiBmadIPIRE bRt KRETiEY e Bneadured MeL hOd T or
spin dryi'ng a sem conductor wafer, conprising: 5 spinning a sem conduct or
waf er t capdeiyaree aing &ceo Iolngmmmhsldasd tdiee cshfangmg nigndicantiywafitbrtinescagdienni ng,

directing.light towar , surf of a onduct or waf er that the
ot Adindade ety Eoo hid P are Palb EqPn (1 G UE e R o ELBRe Tt & 1 s
subst a f
ey | ROLEY AREHRERAL oAb Qr%ﬁwé HicpREE Glpaliphod PLERIHENImIR: CTL

senmi@ondisatzero. 10 wafer; generating a signal indicating that the surface of

t he sem conductor _wafer, is dry when the neasured mtensrtg of t e lig
refl ected of Figyre pAds & gide iy, 6"fh1 hbows APT86 ARRIBPNSIIS A8 CESS SECHOR Qﬂ’er

i nt ensi refl ect ed
of f of PHabieals hBRlspEQRESEROM B0 i RulTRESLE AL SHRF tocbiel E*gﬁ“’i"“dr v and
15 in rdgposedebbe dhexeniplagichuck aagmblg it fveosiancenwitly ond embedisent afaleluct or

wafer. 8. The nethod of claim 7, wherein the neasured mtenalty of, 1'i ght
ref | ect 8YeBRON. ofs shawvnsihereis @132 RaVIBE FDAEHARGE SBSOIEA ORRIH KPS f ace i s

dry,5s gg g%e@a%\% & g?lf@l\b}mlf‘fs'h@ﬂi Lgpn% p?)%fsol']S OZ Bh%%w V\?tl% TRE spin

processing a sem con r'sing core spindle
havi ng @oﬁaﬁ@ﬁdn&sl of@peclt MgeibBT WOl bribea abbwwlthssfembbqtorﬁlgmed Thios¢ he

spi ndl e e chuck assenbly having a central openin therethroeégg and

i ncI udi ﬁlglllgqi inpihe ag Wil rapeiesiset hatsgingdles i hewaie E&Uf P%‘r cEf OFH %mt her eof ;
a sl eeve,. dji spo n c GOr. t he

sl eeve “ﬁ%gz ?%I 1s3pontsl besﬁ{c%h&t%hac?% u&gtﬁ)lgr ereé ef’t%faan through t he

central cepaniond spin, fifke, amdidly rﬁ@maaermlnmeanmmﬁent dnﬂll%@ﬁ;aqbpbmdlh}ea upper end
of the sleeve; and a _capacitance sensor affixed to the mani folgf t he
capdi t@ﬁ@gog%n@&esqjﬂqeﬁd)emvpvgtgm gignce to Figure 5B. Capacitance sensor 12

transmits an analog energy signal toward the top surface of wafer 116 and detects the
energy concentrated between the capacitance sensor and the top surface of the wafer.
Based on the detected energy level, capacitance sensor 124" determines a capacitance value
between wafer 116 and the capacitance sensor. The capacitance values determined by

25  capacitance sensor 124" are continuously fed to signal processor 128, which, as described
above, generates signal 130 when the surface of the wafer is dry (signal processor 128 and
signal 130 are shown in Figure 3).

Figure 5B is a simplified top view of an arm having a capacitance sensor mounted

thereon coupled to a positioning device in accordance with one embodiment of the

30 invention. As shown therein, arm 132 is pivotably coupled to positioner 134, which pivots
arm 132 in the direction of the arrow so that capacitance sensor 124' mounted thereon

“scans” the surface of wafer 116. The dashed lines in Figure 5B denote the “scan” path




to measure a capacitance val ue between the sem conductor wafer and the

capaci tance sensor. 30 10. The apparatus of claim9, further conprising: a

processor . for,,d rm ni ng when the capacitance val ue neas <lhe

capaci tante @Qﬁgﬁt&’? reaches a desired | evel. WO 02/ 11826%%%%59}’/3&95

PCT/ USI 11/ 511s9s -15 11. An appar at L_IEO_f or spin processing a sem conduct or

waf er, conprising: a spindle; a chuck assenbly nounted on the spindle; the

chuck assenbly including grippers for supporting a sem conductor wafer at

an edge thereof; and 5 an am having a capacitance sensor nounted thereon,
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dry (signal processor 128 and signal 130 are shown in Figure 3).
Figure 6B is a simplified top view of an arm having a plurality of capacitance
sensors mounted thereon coupled to a positioning device in accordance with one
20  embodiment of the invention. As shown therein, arm 132 is pivotably coupled to
positioner 134, which pivots arm 132 in the direction of the arrow so that each of
capacitance sensors 124' mounted thereon “scans” the surface of wafer 116. The
combination of the scanning movement of each of the multiple capacitance sensors and the
rotation of the wafer makes it possible to monitor essentially the entire top surface of the
25  wafer during a spin drying operation.
Figure 7 is a simplified schematic diagram of an arm having an interferometric
sensor mounted thereon in accordance with one embodiment of the invention. As shown
therein, interferometric sensor 136, which includes a light source and a detector, 1s
mounted on arm 132. The light source directs light toward the top surface of wafer 116
30  such that the light that reflects off of the top surface is substantially perpendicular to the

top surface. This orientation minimizes the effects of light scattering. The detector

measures the intensity of the light that reflects off of the top surface of wafer 116.
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Wi [ M 10%binSiiOcekOM\a semiconductor wafer. The invention has been described herein in terms
30  of several exemplary embodiments. Other embodiments of the invention will be apparent
to those skilled in the art from consideration of the specification and practice of the

invention. For example, those skilled in the art will recognize that the capacitance sensor
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5  using ellipsometry, which involves the use of polarized light, or other suitable
interferometric technique, instead of reflectometry. The embodiments and preferred
features described above should be considered exemplary, with the scope of the invention
being defined by the appended claims and their equivalents.

What is claimed is:
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3. A method for spin drying a semiconductor wafer, comprising:

spinning a semiconductor wafer to dry a surface thereof;
as the semiconductor wafer is spinning, measuring a capacitance value between a
capacitance sensor and the semiconductor wafer;
15 determining when the measured capacitance value reaches a substantially constant
level;
generating a signal; and
in response to the signal, stopping the spinning of the semiconductor wafer.
4. A method for monitoring a semiconductor wafer during a spin processing
20  operation, comprising:
directing light toward a surface of a semiconductor wafer as the semiconductor wafer
is being spun, the light being directed such that the light that reflects off of the surface of the
semiconductor wafer is substantially perpendicular to the surface of the semiconductor wafer;
measuring an intensity of the light reflected off of the surface of the semiconductor
25  wafer; and
generating a signal indicating that the surface of the semiconductor wafer is in a
desired condition when the measured intensity of the light reflected off of the surface of the
semiconductor wafer reaches an intensity level that corresponds to a measured intensity of
light reflected off of the surface of the semiconductor wafer when the surface is in the desired
30  condition.
5. The method of claim 4, wherein, in response to the signal, spinning of the

semiconductor wafer is stopped.
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5 spinning a semiconductor wafer to dry a sutface thereof;
as the semiconductor wafer is spinning, directing light toward a surface of a
semiconductor wafer such that the light that reflects off of the surface of the semiconductor
wafer is substantially perpendicular to the surface of the semiconductor wafer;
measuring an intensity of the light reflected off of the surface of the semiconductor
10  wafer;
generating a signal indicating that the surface of the semiconductor wafer is dry when
the measured intensity of the light reflected off of the surface of the semiconductor wafer
reaches an intensity level that corresponds to a measured intensity of light reflected off of the
surface of the semiconductor wafer when the surface is dry; and
15 in response to the signal, stopping the spinning of the semiconductor wafer.
8. The method of claim 7, wherein the measured intensity of light reflected off of

the surface of the semiconductor wafer when the surface is dry is determined in a calibration

operation.
9. An apparatus for spin processing a semiconductor wafer, comprising:
20 a hollow core spindle having a central opening therethrough;

a chuck assembly mounted on the spindle, the chuck assembly having a central
opening therethrough and including grippers for supporting a semiconductor wafer at an edge
thereof;

a sleeve disposed in the central opening of the hollow core spindle, the sleeve being

25  disposed such that an upper end thereof extends through the central opening of the chuck
assembly;

a manifold disposed in the upper end of the sleeve; and

a capacitance sensor affixed to the manifold, the capacitance sensor being configured
to measure a capacitance value between the semiconductor wafer and the capacitance sensor.

30 10.  The apparatus of claim 9, further comprising:
a processor for determining when the capacitance value measured by the capacitance

sensor reaches a desired level.
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10 2. The apparatus of claim 11, further comprising:

a processor for determining when the capacitance value measured by the capacitance
sensor reaches a desired level.

13.  The apparatus of claim 11, wherein the arm is movable so that the position of
the capacitance sensor relative to the space to be occupied by a semiconductor wafer that is

15  supported by the grippers can be varied.

14.  The apparatus of claim 11, wherein the arm has a plurality of capacitance
sensors mounted thereon, each of the capacitance sensors being disposed above a space to be
occupied by a semiconductor wafer that is supported by the grippers, and each of the
capacitance sensors being configured to measure a capacitance value between a

20  semiconductor wafer supported by the grippers and the capacitance sensor.

15.  The apparatus of claim 14, further comprising:

a processor for determining when each of the capacitance values measured by the
capacitance sensors reaches a desired level.

16.  The apparatus of claim 14, wherein the arm is movable so that the position of

25  each of the capacitance sensors relative to the space to be occupied by a semiconductor wafer
that is supported by the grippers can be varied.

17.  An apparatus for spin processing a semiconductor wafer, comprising:

a spindle;

a chuck assembly mounted on the spindle; the chuck assembly including grippers for

30  supporting a semiconductor wafer at an edge thereof; and
an arm having a light source and a detector mounted thereon, the light source being

positioned to direct light toward a surface of a semiconductor wafer being supported by the
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the surface of the semiconductor wafer reaches an intensity level that corresponds to a
measured intensity of light reflected off of the surface of the semiconductor wafer when the
surface is in a desired condition.

10 19.  The apparatus of claim 17, wherein the arm is movable so that the position of
the light source and the detector relative to the surface of the semiconductor wafer can be
varied.

20.  The apparatus of claim 17, wherein the arm has a plurality of light sources and
a corresponding number of detectors mounted thereon, each of the light sources being

15  positioned to direct light toward a surface of a semiconductor wafer being supported by the
grippers such that light that reflects off of the surface of the semiconductor wafer is
substantially perpendicular to the surface of the semiconductor wafer, and each of the
detectors being positioned to measure an intensity of the light from a corresponding light
source that has reflected off of the surface of the semiconductor wafer.

20 21. The apparatus of claim 20, further comprising:

a processor for determining when each of the measured intensities of the light
reflected off of the surface of the semiconductor wafer reaches an intensity level that
corresponds to a measured intensity of light reflected off of the surface of the semiconductor
wafer when the surface is in a desired condition.

25 22,  The apparatus of claim 21, wherein the arm is movable so that the position of
each of the light sources and each of the detectors relative to the surface of the semiconductor

wafer can be varied.



