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W TH ADJUSTABLE NOZZLE ASSEMBLY FOR SEM CONDUCTOR WWAFER BACKSI DE RI NSI NG by
| nvent or -Larry Pi ng- Kwan Wng BACKGROUND OF THE | NVENTI ON The present
i nvention rel ates generally to sem conductor fabrication and, nore
particularly, to an adjustable nozzle assenbly, a spin, rinse and dry
station for spin rinsing a bottom side of a sem conductor wafer including
t he adj ustabl e nozzl e assenbly, and a net hod for spin rinsing a bottom side
of a sem conductor wafer. 10 In the fabrication of seniconductor devices, a

variety o RN r one such
preparati fSPVYgEfderat |S§E% ei oni zg@mﬁ @ﬁﬁ%&%&%ﬁ@ waf er in,
e.g., a s% MBESEFOR S EVIC OBRDYCHGR (WA FER BACIeSIIE RINSINGS i dual
chemi cal solution and to renove paOLt‘ CJgul ate contam nation. Until recently,
efforts to rinse effectively and t oPc#¥¥d wafer contami nation have
primarily focused on the top 1 SI de of wafers. As the sem conduct or

i ndustry noves to |arger, e.g., AEnKWiamfWerg and to smal l er, e.g., 0.18
um and snal l er, feature sizes; however it is becom ng increasingly nore
irrpor?ant to rinse effectﬁéﬂﬂ’}ﬂﬂmmcom am nation on the

bottom side, ie., the backside, of wafers. Figure 1A is a sinplified

schematic cr oSCPESFRGRYFtiondFlaiss |gﬁ’gefﬁibet0@mmdu®waﬂabnatﬂomaqd;anmed to
spray DI pwaicfarl t i n 20 SRD. station. As
shown t hgr ein, Mg%% ﬂ@s@%ﬁ%ﬁéﬁ%ﬁ&% %  &Pge: f&gr&%?tétﬁo”c’f?ﬁﬁ%t the edge

of waf er Hnginge Wc;m:dmﬁa)mucmgmpmWafauhxaﬂmﬁg)mteaﬂjlﬁﬁmeﬁa&zﬂee' ther top
side 10aa§J§ g)?ttogn Slg]i‘ cﬁ?b of the wafer. A nozzle 16, which is coupled to
e

‘a source 531P1Pdﬁﬁs’d|‘g§th9ﬁtp91 sidaef Wﬂni!@dpd;grwa&ned at the
bott on of bowin kBe ABridRioa" [ a wat er toward
the bottom side | Ob of tﬁg \c;nggfrn%co%H oré‘li")sﬁg‘%&?‘ﬁ?:ﬁyeéﬁ ‘ﬁfg FETRAGICL de of

a waf er, Operaiiens; #pdresormaed.t Hat OndlmchmrayaraxiorDbpmaitﬁf deuHiadt @I Reugegt er of

t he waf egp dq r contacts only.a per pher ortion of the wafer,
then the 52% rF&ﬁg@P ‘?Xfrce gahe PPy BYFer A %195 siptiophio waseeffpthevent s

the DI wedsigiaf crlmrnwaéac}lnnng ahdl 0 adive Eaan@fbulfaféeco‘ﬁ@afrmﬁaudﬁs I%tfl‘?éééhﬁy Jfﬁ»?t'sd“al
chem cal solutlf gﬁgyaa ntam nants, e.g., particle no ’
[

f rom t he' %R Sffee t%GOWFOIt“h@eWKWﬁ@ehM nrimrﬂmfmused n tlteetoprmunt
of peyti gk 3 Qagpat ﬁ%ﬁ@ééﬂﬁ@% toE ?ndusaar foves g~%'5%l)f9’t)%g gé@ oLl erg e;mvvaf er

exceeds acceptable |evels e vl

si gni f i c@nimaller,. gu@de;Bnlaﬂda;maﬁa# deayed side€\hoHevBR iZisbedSmiipd hé?néf g%e .
ro ic

1A. As s i n ure 1B 6 i ncl udes a base portion 16a

a pair '?18 e 5‘1@‘3“’&%&% aeﬁlwpgtrqleﬁafmwlnm opthiediottomiesids, ons  of
outlets ﬂ@,btharbe 180@, 8flwatdr@Figird TWVRY

portion 16a. Bel ow base portllgnrel16a Q%Mlgggg(gs%ho |1g%£°féée°§ ﬂ‘éﬁ%ﬁ‘ﬁ’&%or
portion qreopoaweﬂmnabteseuquer hesslaldegraydPl weter i ths betisrawadk dfd Gafer fih ¥4 ur e

di he of bow F I to hold le 16
& spaedsnl @b ah AT Bl (R SEaadte L0 Lo Mol ezl 1o 1
connect oxdgé ®f] mmfén mltolﬁﬁbldﬂﬁtrmmg }bdi'ﬁ&ilﬁb' rcSnt%ﬁinnd%?sZﬁ)l &itnkp téfsﬁ? Slpﬁ BFned a

di stancaﬁ{romthe center of the bottom of the bow because
shaft, RO/ fige 40k &f theewafsrndy @Z@hﬂ@wﬂneplsrmhplcﬂumgeaoamdwwﬂ]thmefI ers

12 are it nter 0 ottom he bow . As

a resul f&%f ﬁ?ﬁ?ssupg%ﬁggnzpé?{‘% F%%l?n o féf i uten F%?ﬁ‘%‘ut l ets

16b 15 ofoznlezlﬁlsgraysﬁls;vederrtewhﬁﬂhéBU@chfi sideqo%fﬂﬁh%feﬂ porti On of the bottom

si de 10b of \Aﬁ% 10, The el bow shaped outlets 16b are fornmed of rigid

pl agtic and t f%‘lggl){ﬂ%ﬂfbt&lbﬂt‘ém sie Oilao&‘af@uﬂllsememawebhatahb spra}eaf only to

a mni r once nqgzzle 16 screwed
MEhT Wk ntackd the et of tﬁg Wallg! Fﬂh%g_u?% c?qtg(cgﬁmélﬁ g H?gﬁﬁgﬁf’%g?

into the fixture, the heig nozz hi sed. 20

I n | i ghtofdlie wafsr, Itheri ﬁledcﬁdjﬁ@l fatd gdngra®dd HyhBe REZEof the HakRPYSRhIsonal SRD
station

the DI water from reaching the center of the wafer. As a result, residual chemical

solution and contaminants, e.g., particles, may not be removed from the central portion

30  of'the bottom side of the wafer. If the amount of particulate contamination on the




such as shown in Figure 1A probl ems have been experienced in corif il gut Eng03
the systemso that DI water sprayed fromthe nozzle contacts the center of
the bottom of the wafer. To further conplicate the situation, once the
wafer is disposed in the bow, an operator cannot tell where D water
contacts the bottom side of.the wafer because the opaque 25 wafer bl ocks
the operator's line of sight. Thus, even if limted adjustnents are nade,
the operator has no reliable way of deté&rm ning whether the spray of DI
water is properly contacting the center of the bottomside of the wafer. In
vi ew of t bettdnosidg o thg, wifbeexeetds scapiasle [9ElsAhaRIHRGAIARM: ARYHES ér%ése&pi n
rinsing a bottom side of a wafer that ensures that the spray o? | wat er
contacts PEEfSEHber of 30 the wafer. i G-.'~, 2~0Q~ SUMVARY OF THE

| NVENTI ON Br oaglpyrs gkﬁg‘?, - LA jon £ill s, this need by

provi ding_a nozal e g%se &ar?%&ép%{ﬁit%ﬁ%z&béé?ﬁésﬁgﬁ lgelg'f‘irgiﬁ'e‘fks P ust i ng

t he posi t FignreofB trvezladfisdladis@ basz péréion tl @ fropz@hieh apyir BE @ik ARt ABLWO t hat
i qui % spraﬁ%g tgesrgé{om [ hﬂ': rected toward the center o? t he bottom si de
of a sem VGRELEEHS [ @endrJheprightsectipnsaioutlsts 465 arennaled slightly spi n,
rinse, angwifdlySitatstight [ U L sgnbl.y.and a

nmet hod for s_pi)rq ri nsllgngj, g&db%?tb%ptg%ép%& ?%E%%ﬁ%ﬁ(&:@ofﬁsav@{%a#dl n

accor danceeriipn h6oaul epedtor pdrtivbi #6paepeotided) VEirtaded poRion06z liescaasanbl y i s
~provided.. The.nozzl.e as |y includes, a nnector tube having a first end
and a secSif? ﬁﬁﬂlé%ﬁlﬁptﬁﬁaggggzthgBpﬁ%@%Bpr ﬁ%(sé‘éﬁlﬂ‘éﬁ br) lodwdd nezzientGeaded. A
first capiniaeNn O enaRE TR kY i ’ irst end of
the connec?)g_arﬂet ube. nA se(l%ondS g@g hav%g%ﬁ%%ﬁgﬁggm%@hcﬁogﬁ%%ﬁs t hr eaded
‘ont 0 kthe RWHOMd#O&Nnd of the connector tube. Each of the first and second

caps has a top n threaded.inner surface. The nozzle enbly

further incl udégﬁégvﬁggﬂzlﬁggﬁg\ﬂ’ﬁazée ?gﬂﬁ}?c’éﬁl%af’idffﬁmﬂggiom tﬁacgptgwa;ﬁﬁ@ . The
tubul ar  partionoef thé bbw] Hecapasebtitible Beaf) RANEH@tAés thO§pifidls 3fm GAPRREIRT cap so
that a position of the nozzle can be axially and rotationally adjusted. In

one enbodi IO whigh rilesy 2 as siaghed. 15 pPeifiancd a{¢hareater pf thetbottprr ofdkond nut s
di sposed pvit g 'cﬁ%@lﬂ?ﬁf (?.F]s (%fﬁ-@@ﬂtelj osﬂﬁ)ﬁlﬂgfegﬁeﬂ%glf stpl&lir}gg?g({f&ut%@sdlénecond

nuts may be 1 ntegral e cornnect or i nner surfaces
of tHé fiafswzalndbsedivendediomaatthe pedphaaporisredfthabbiyonhside 16b bf waferdi anet er

and t he enj.n in the . top suyrfaces of , the first and second connector caps
prefer ablolg)' Rg}fgeﬁléé‘g@ﬁ?ﬂ?&o ﬂﬁﬁapéf’f@ @ﬂ’ﬁd? Qé’@ﬂ?ﬂ?j herstre e asionmal | er P
than the dfistef osHed RIS adiubtddinty RIPRGHIR xtedtaRat A megzg% Sxdeend

-between the threaded inner surfaces of the first and second cobnnector caps
and the Jdperiedgds flly sseewasiintothé fxtuge, dlic hdightfaf mezzle hélisserdndd camnect or
caps. 25 a0 enbodi nent, the nozzle further includes a head portion
havi ng a channe€l defined therein. In this enbodi nent, the channel defined

in tie head pdatlighnopfhe lingtodedpls@ibiliy B feio2Bk ¥n 2boenfdtil SROY staput 35
degrees to about 75 degrees relative to a plane perpendicular to the

‘channel d¥fh avshawn inddgyraddy, aroblesns hays been exnsrigeced|ie configusing thendystément |
first seal, Eh i r.oxi t 30 rfaces of the
first an?islos'f@% ond cg%%é%{egrfmcnggise%gﬁl cgéégé% eséeeglfels' ﬁg‘hﬁg’ﬁgﬁ’s"ﬁlﬁ%"vﬁ bvi ded
pr oxi mat él'd furthhecdmplitateahd ssetiontoren dte whfet haligReRERES bdwih8n opératohi S

enbodi nent, the first ~  ~ C; .z )
tafnot 161l where DI water contacts the bottom side of the wafer because the opaque

25  wafer blocks the operator’s line of sight. Thus, even if limited adjustments are made,
the operator has no reliable way of determining whether the spray of DI water is
properly contacting the center of the bottom side of the wafer.

In view of the foregoing, there is a need for a method and device for spin rinsing
a bottom side of a wafer that ensures that the spray of DI water contacts the center of

30  the wafer.



seal ing nenbers are preferably split ring seals and the second q_ealﬁgg
menbers are preferably bul khead fitting seals. In accordance w t h 'anbt héll3
aspect of the present invention, a spin, rinse, and dry (SRD) station for
spin rinsing a sem conductor wafer is provided. The SRD station 5 incl udes
a bow having a bottomwall and a sidewall. A rotational nenber is disposed
in the bow, with the rotational nmenber;being attached to a rotatable
shaft. A plurality of support nmenbers are attached to the rotati onal

menber, with the support nenbers being configured to support a

sem conduct or waf er above t(SIBMMARY OREHEINVENTIONIEe SRD station al so
includes a notor for rotating the rotatable shaft and an adj ustable nozzle
10 assenbly nohFredly sereking thopiesent iy entipn §athisnsed by lpeoddimg mbioyzle s

positione ] . r foliquid toward .a center.. of bottom
si de of a%sséﬁjl?g%%g%lﬁ %rﬁﬁ\%gt?l gtra §l§ &%%%lgt By aigwsgﬂ%ﬁlﬁé’\?fl.tloq’ﬁgﬂ’ﬁtﬁdﬂ@f@fﬁ e nozzle
assenbl y mwzziepthehioyzlt utaytterorenld e @at diqli doipk A8 HRBI York WBrteiRowgd I n the
openi ng of the second connectaor cap. The liquid supply tube is preferably

15 coupl etieCentsr aldhe petamn seiobasemongicser wafer. Shhs presootiinmention aldve

adj ust abl sﬁl%gb i ks . N..an jng_i.n the bottomwall of
t he bow .ﬁrlogﬁté %ng gplfe}’nbo iéndgndtr? S?‘ﬁéf?g%j uslﬁlé@lb egdﬁﬁg'eﬁgglgmwlfy ?quozhdes t he
conponent &ethpd Eorfspadrinding/ebotwd bidt € a tserbitbadugparwdran of the nozzl e bei ng

di sposed int ogegi ng aof the first connector cap so that a position of
the nozzle cagﬁlﬁ? LR QPeATRCS OF fisEeseBhiar efiongs negzktiassemblyrint her
enbodi mengrbvide@ RRE SAzZRDsEeriNg Fh@uds SUSRhdtd ﬁa%%ﬂ% LOg in the
si dewal | r%f t he bow . ZI n St hi s?enb%di rS‘rlent ,é/ctt rgulgéj ustta ﬁ%s?g@g@f%g@%iﬂbl y

i ncl Ufes e Adoprperruntace eftbe connsdtoabbeds theeaded t Adfirstdap havingantopeningf t he

nozzl e bej I SRO in,th ni.ng,of..the first connector cap so that a
poSi t i onel]g%g?%%&%%‘olg%‘drga edgn etﬁﬁﬁfﬁtfgﬂf)gfhlefomtqr&b& i‘bReAong capnardRE 25 I n
one enbodiperinl, thérbiragh usihadided 6amahesasad Bl f the' EédREk AbUtash b fist and

second nuts disposed on the connector tube. The first and second nuts
secure t HESAeeqnscaps s & op spxfarerandipdhrsadedoinmensiitface. Bliedwaalelassrintiyne

bow , de i i l,e. assenbly j noupnt.ed in the
ol 1 SR fer oIR8 a0l U R DG B ng R il SRV B e s
net hdd f o dispoged30 thei apshing od tHeofirsbeonnicter @fp so thR ApREIdH OF te MERcah Se

provided. ln this t hod g. bo havi ng an adj ustabl e nozzle for spraying
li quid t'oz\%/ﬁl:illéfagd%tgﬁ%‘?ﬂ? i@&‘s a sem conductor wafer disposed in the bow

is first provi b8 fLnt f&l‘;ﬂ%ﬂ?{ j | e ey

~ ~ 2003 Qntolg%ggﬁ%ﬂgrg%nﬁ%é%%ﬁegﬁgwg of t ectﬁgiee%ﬂé%n gg%c(;%rnﬁ\%é er.

Pr ef er abldjspobrst @ techapsictbritebes Jf dgsirdd, drivenfalty fiust atd secoabmiteniag befntegred

such that_.l.jguid sprayed erefr is directed toward the center of the

bot t om s{“&gﬂ %g CP%E%\{/%@?’ Lﬁ’ﬁtgﬁf@g@rfﬁﬁ%ﬁﬁ%ﬁ esé‘? tl}q%%‘; seemsteonperonper at i on

of oQDentdaﬁQ;tn“etwatﬂﬂhbkﬁd AHHsLABR%r And B c}ﬂéﬁﬁgé f#)the Ed'[p%magé?s dtthe Ak thf abl e
owar

nozzl e suc hat the adjustable nozzle i's pointed a position where

t he seni é8rdcoBRecifceps piefaratie havespensend iametes, withthefsecomipdiameterisdimg, ( b)

di i t 4 . t bstrate | he bowl.in th iti
there.t naTRUSHREL Y <8 ditinbicP "BARL SBloaiEl Bhcied fortigf et pegeetu ' 1 O
sprayi ng thiegisddnfieranrfides ofitelfirkidudescoa@ZdoRnédvedags ﬁl@ﬁ%bﬁ@ﬂiﬁ%ﬁﬂ 18 tophe

substantially transparent substrate; (d) 10 observing where the liquid
contacts SW%%B(??%#}?? sgfondirenaembencanti al |y transparent substrate, (e)

adj ussing the b L ; ' |8, vent the liquid

d ojes §§1 ot ) cont gtgte ﬁggﬂggﬁlg{m%?%@%%gﬁgﬁ?ggﬁ ;? e%efl QR@%@P g‘r’i‘? m§&b°%“€?‘éec‘ g , and
(f) repeaefingl thpeimatndhis efibpdiniembthé chaheldefinkd irhe hestlipstion 6f aetndzilbe
center of _th bstantially. tr arent substrate. The nozzl e assenbly of
Lhe. pr esEHRTeTeRRIR L Brnglk ofRbaBEb Ariyemsiia 8hed 73 deaisenistate & 2 plsnac) ust
easily tpermRAbkfh B BRIRLS il BetANETRAIG {Ahe holgLances in the spin

station, e.g., the spindle height nmay vary ‘fromspin s ion to spin
station. |n tHeoneehbelifent, fipitsealingsnergbas hetprovidad stexihata ted@itgonduct or
waf e% of %‘E{ﬁ rgg}gg{r inéenti n, a substantially transparent substrate is
advan! ag§ ‘”’50 BLANG SPRamd CORRECHRT) CaBY: 4B accqBg seading snesnkans aremrerided qui d,
e.g., D pvaig i Yalel’ oN . I

sem condgctoréﬁ?g}eﬂ?ﬁ@%gnsurgggﬁ Eg%%ﬁféecg‘%ﬁ%g Iglgiiu? %hﬂ{bgmélzéng’fe‘h?ﬁg?mfer
is thoroughly rinsed. Testing has confirnmed that use of the nozzle assenbly
of the present invention with the adjustable nozzle properly oriented

yi el ds i nproved wafer particle counts on the bottom side of sem conduct or
wafers relative to the conventional nozzle shown in Figures 1A and 1B. 25

It is to be understood that the foregoing general description and the
foll ow ng



etailed description are exenplary and explanatory only and are. nOEfF{ o0
(rjestrl ctive of ltohe i nvention, as clained. BRI EF DESCRI PTI ON OF THE DRA%/\V %IGS
The acconpanyi ng-dr awi ngs, whi ch are incorporated in and constitute part of
30 this specification, illustrate exenplary enbodi nents of the invention
and together with the description serve to explain the principles of the

I nventi on. - 11?~r yn3 Figure 1A is simplified schematic cross-section
illustrating the conventional technique used to. spray deionized (D] water
on the bottomside of a wafer in a spin, rinse, and dry (SRD) statlon

Fi gure 1Bsdabingmeatbicrs ye grefereblgishiuking Ms%d@i@%b&ldls@aﬁwn BBt Ure LA,

F: gure 2 sh T I:Il ed s?dg view of an SRD statio ch él ng an

adj ust abl B¢ %@Y@“M@gﬁ Ssprayl ng the bottom side of a sem conductor
wafer in accorgﬁ@@&d\%gm%&ﬁ@?%é&gf 4Qf Fés .pnvention. Figur egﬁﬁshows a

v
5|rrpI|f|ed side view of an SRD Station CREFHAEYTHO% A FL

bl teoyi foyspti enbiog b cemiodduddr Wwafsei ﬁﬁzﬁ&BdCl’I% Ssad @tﬁtlbﬂ‘
assenbl y (XRDXspatiapifoy nt of the F‘gventlon Figure 4 is a top

\(’jlllcg\(/)vr g?ngomfu geﬁﬁg%‘ﬁ nOtIfr}gre#?‘?etg?ﬁg’lagEa“ffﬁélﬂe@ag Psmhmpmlé@erdlt)ﬂrngSImn?dl ivi ew of
an exe FEI e Yobn i #3kotB? %eﬁﬁ)%iﬂgélﬁg SRIEHRNY 1ol il %1§g$a§f ARNGaHO%E: ©

adj ust abl ¥'PReE me@ﬂ&@s@rﬁbtta}chmea thia oowatidial mnfaegtmﬂl tRe S‘ﬁ**ﬁ’ﬁ%&g@? gagg 7B show

| t
or ocs. s cenBhutello QeeBH I iESE Fated Bhoy? %ﬁ%ﬁ&?&a@g@b@r GheiSRIUr e 8B i s
a cross- seationciisl invluedy Dinofd Fa6tafing G rotatade ﬁ%ﬂ‘(’j&ll 2 @gg@gﬁ Bzhpat

dillustrates ere seal i ng nenbers rra be provi ance W th one 20
‘embodPneSSEt Yﬁ@’“inF?\SiéﬂtﬂFeobPWIFlT@Ghﬂéjugtablmmz]a aﬁdemb@mlpbsmnﬁgrmgzgto o
illustrat q ARELAL ned.in.spin sing a bottom si
of a semdé%ﬁtd%%hml@gr I'n g%é’g‘% % S‘Sﬁ@%%&a rﬁﬁ‘ﬁ f§fhe present
i nvent i orsupibEiedlih Bis BoR3CRI PTI ON OF THE PREFERRED EMBODI MENTS 25 The present

ts f the invention will now be described in
preferred enbol%en%]nustab € nozzle assembly preferably further includes a liquid supply tube

disposed in the opening of the second connector cap. The liquid supply tube is preferably

15  coupled to a source of deionized water.

In one embodiment, the adjustable nozzle assembly is disposed in an opening in
the bottom wall of the bowl. In this embodiment, the adjustable nozzle assembly includes
the components specified above, with the tubular portion of the nozzle being disposed in
the opening of the first connector cap so that a position of the nozzle can be vertically and

20 rotationally adjusted. In another embodiment, the adjustable nozzie assembly is disposed
in an opening in the sidewall of the bowl. In this embodiment, the adjustable nozzle
assembly includes the components specified above, with the tubular portion of the nozzle
being disposed in the opening of the first connector cap so that a position of the nozzle can
be horizontally and rotationally adjusted.

25 In one embodiment, the adjustable nozzle assembly further includes first and
second nuts disposed on the connector tube. The first and second nuts secure the
connector tube to either the bottom wall or sidewall of the bowl, depending on how the
adjustable nozzle assembly is mounted in the bowl.

In accordance with yet another aspect of the present invention, a method for spin

30 rinsing a bottom side of a semiconductor wafer is provided. In this method a bow! havmg
an adjustable nozzle for spraying liquid toward a bottom side of a semiconductor wafer

disposed in the bowl is first provided. Liquid is then sprayed from the adjustable nozzle



detail with reference to the acconpanying draw ngs. Figures 1A ancl;-}gg;;arz?% :
~di scussed above in the "Background of the Invention" section. The presen _

i nvention provides a nozzle assenbly in which the nozzle is adjustable both
vertically (or horizontally when the nozzle assenbly is nmounted 30 ‘
si deways) and rotationally. The present invention also provides a spin,
rinse, and dry (SRD) station in which the adjustable nozzle assenbly is
used to spray the bottom side ~~~r ?_003 of a sem conductor wafer. The
present invention further provides a nethod for spin rinsing the bottom

si de, i . eontoafeEntss ok tedwitons side sftht sonidondutorwalfar Préferabliebefshoithient  of

this nmeth stantial |y, transparent substrate, e.g., wafer, may be
used to e sﬁ%@’ ,?r%gatdﬁfsﬁaebl% %Let lggpggtﬁ(iﬁ%&@ﬁ?@queg tharefgerads disecmdyur e 2
shows a stavprd fhieakntek dethe RWoAS siddofIMP wateat i on 100 includi ng an adj ustabl e

nozzl e assenbly for spraying the bottomside of a sem conductor wafer in
accor dance wi t ! effecrabashaientefithomvention, theepeiation oferishingnhd igusitle bowl 102

i ncl udes | : J idewal.l 102b t t epds wardly from

bot t o v T 005 g o S g sORIRE el s s i mded
transpar epéintedfiewartlOtpaaitivgnhdr tikGemidadadaionattt w1 boGisBUERE @ hol e S
typically bei.n fo(% Each roller 104 is di sposed on one of a corresponding

nunber of SRBFRSPE () Aisapaing psubstantinlly ransprisal sbstratg ay the b1 insthepusitienl on

spindle a I I en - J n.shaft. 112, As .is.well. knowm to
t IElos e ski fvlﬁ?:érg %%nsﬁg&gdﬁbrgﬁﬁ}tﬁﬁw %tog%u%f " {13518 éi) FRIRYPE Hqwd; o
rotates t e adivafableavdzleltewstdratastoneside onme sintntingy elutpardsl dbelbaanozz! e
iassenpdy ]b16fv.vvhi h i I15 .HDunt ed on bottomwal |l 102b of bow 102" 1's
coupled t9® é‘?ﬁﬁ*"@%‘efﬁ% 1¢1d ganigefs Mecpottom siggeidhe suhstantjallytrimsyaiedt suppl y

tube 120. subgiratst@PhdGus SH B 4l mwall 102b by
a pair ofs nut s 1(§j2)a(ggng%iﬂzlggés(ﬁﬁut 1%3 a]iﬁgth?]lg?l Sg%%ﬁvﬁhlé %V%?E%ﬁéq%d%ﬁsélﬁ sed
on opposi et deenter ofisbe swhetantinlly t@Bpareatsubitrdte, nad (B sepeatingloparatiorsebylet ai |

| ater. 2 f t.antially trans ent wafer 106 enabl es an

oper at or Otth;cl)-&ggt@reurﬁ% rlléﬁe\%?iuﬁcifz?va% ﬁgli?te %PW‘@B?‘%E@WP@H Yhsdeabl e
nozzl e assenbl Phelddzzrorbaably of i ;ﬁ@d&hﬁﬁw&{tio&a%vﬁﬁéée‘aﬂélﬁiggﬁolgganvvafer 106. |f

t he s%ray of DI water does not contact the center ©of t ottom si de of
waf erl108Periioradiishensily ths pasitipnafites mgzgledp compensatyj fustolarmices irthe he

nozzl e. REHGH : r he misalignment, the pasitjon 25 of the
nozzl e na[g? bﬂ%ﬂ?lﬁgﬂ,gg@%{/ﬂ%% %Bp%lﬁgvﬁrg%cfnéswglsﬁgeﬁﬁ spn Ftl.?‘ on. Snd down,
or by rotme¢thed farspimansinga badnae sidd @f A& cOndiftd WiTs dHthebiegied, Spin
rinsing of sctam' conductar._wafers may conmence. Figure 3 shows a sinplified

si de vi evPETISH. SPHYSEALRI, Hansparen] ShoFRIF igpdyantagrously alsedtornaient theassenbl y
f ' ' . & sepi t; in 3 d i th
or spr ayidi@tablendilel t8 Bhdbre fliqRiaSER] BN 19[s;%feﬁ?éecf§]r,1tbghcﬁ %gfegg)?gwance w

anot her enbodi nent of the invention.“As showh nozzl e
asserffl y bpitem Sdeeimsamicondusiod awedérl ThiRmswks thandhe Bafre bdjonsdidbbRheozz! e

M, ~a E_ + 20.as ly. 116 J.s..secured_to sjidewall “102a by a pair _of nuts
122a and V?Laf?ﬁlgflﬁﬁgggﬁﬁ\énf@gr&s%gwopﬁnﬁ?cg@%“g?fm%@ééswwBﬁsi te

si des of thd plevét inveRBan with thd] ' ' b ; nozzle is
m sal i gned,ﬁ?he_p%si tion ofth%]hguﬁgézlgF%ﬂ%ﬂog?%%ﬁ{@&@gg%%qg% t he nozzl e
hor i zont &Yafgr partiele cousie n ghecboftiont dide off sejcandtictds wafetshelatiozzd e Fi gure 4 is

a top vi . 102 shown in Figure 2. As shown in Figure 4, four
rollers I%%‘?Jnggg#nggglﬁﬁﬁ%‘ﬁn%bwgw%ne of spindle fingers 108,

supp@st subst dnisitebk Yind¢ratas0 &iae tHe WAL HeRralRM& i stRInNRL As
menti oned ahove, during orientation fgf tg% nozzl e pstt he uglé@fc‘)ofr@o%t antially

t ranspar drtallgd fescripien arespemplary and explanatory only and are not restrictive of the
mvention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute part of
30  this specification, illustrate exemplary embodiments of the invention and together with

the description serve to explain the principles of the invention.



~10 an operator to determine whether DI water sprayed fromthe nozil,e,.,’,sﬁ
contacting the center of ‘the bottomside of the wafer. If the nozzl'e: v st
properly oriented, then the necessary adjustnents can be nade using
‘'substantially transparent wafer 106 before the processing of sem conductor
waf ers begins, as will be described in nore detail below It wll be
apparent - from Figure 4 that the spray of DI water from adjustable nozzle 15
assenbly 116 will be intermttently blocked by spindle arm 110 as it
rotates within bow 102. At the high rotational speeds, e.g., about 100
rpm 1, 800 r pm Figsed Alisrd sigiphifiedsdhieatio Sroso0ME¥E ilins thB8 c6hvEntibRA!
bl ocki ng dges not prevent an effective anount of DI water fromreaching the
center of®¢ q'{?d{SFgFH@?r@éd‘?}PmF%(%ﬂ@FQf opjthglpaitom: side of 2 wafee inda spinsi onal
vi ew of afﬁhsexm?r(myg@aﬁ&gat may be used to 20 inplenent the adjustable
nozzl e assenbly of the'invention. As shown therein, bow 102 includes
bottom wal | 108gumid siadentdrged] 8atailédvitwarhenxds 1 6 phfinyFifiremapot t om wal |
102b. 5Bottom | | leos%?has an o e({;s:.ng 124 forned therein through which a
shaft > e.g., sHEFE APWSAsPInedside yiew of ag SR3station wehdingsn adiustableng a
sem condufzgle a¥ebeNyv e Lo LEeW i i e skilled
inthe art. Si devval%rﬂjlr%ga, tlhgﬁ 25 is%@évgﬁgt?%fc%&@ﬁrixﬁ%%’@a#?oﬁh%%%r ovi ded
wi t h chari¥igh onegnbdtimeniodfl the inventiomof f water in an SRD station. Bow |02 may

be made of any..suitable material, .e.g., pol ypropylene. As is well known to
t hose skill edyl?l%%te?eslﬁg?”ts 2 SR 1%%& %FW aflﬁgu%%ﬁm} gelydinganadiustpble o
desired amouetasdeaitfefortspayidg e BheR ERE o2h séﬁ?coﬁ&{étwvaﬁ&%%ﬁi%%s bei ng

processed.. Figure 6_is, an enlarged, detailed view of adjustable nozzle
assertfl y Vitsangibsysmbgdimentiof thednyention. shown in Figure 6, connector tube 128

ext ends ¢ hr OUghe@BANE Adod Ay TUBOA LOTHRLL Q20 DOW 102 The outer
t ube i e , €.9

surface of connect or 28 'is threa Wt 'g., 7/16-20 threads.
Connect or capdigB2a iandhrtsdmersamal vitwwifianRxbaplarbowlithat'mdy bd dsed t® openi ng

t heret hrqugh, are provided at.the opposing ends of connector tube 128.
Porti ons lﬂ’g-i]?ﬁ?éltfhﬁﬁé‘i“aﬁ?mke ﬁﬁ?‘ﬁ?ﬁgﬂ’@ﬁ%"@&éﬁi ngs in connector caps 132a
and 132b are tﬂigﬁewaﬁ%ﬁlarlggg,%rﬁ%n&a& xFEcgﬁ&aﬂé nb1d maﬁb@é;@ﬁow ter

surface of _connector tube is enab connector caps a and 132b to
be t APeadeHig¥e S t he opposing 5 ends of connector tube 128. Connector tube

128 is secureg,: to L1 102b.by a.pair. of nuts 122a and 122b, with
nut 122a engag?%'%eg?t gBH?g?spggésl v %ff’ &f%ﬂfqmai’@?f}o%ﬁi‘ﬁc BUFBWES.engagi ng a
bot t om sur f ac Figfre Bat ik arovs!skctiddbvietof@eahdet caP 12a0hoRHliR Fiﬁgﬂ&an d 122b
may be integral w th connector tube 128. In one enbodi nent of the

i nvention, nutflgue3Biis acosssecignal vigwof comnentor cay 13%aisbowadn Figure i s

enbodi ne : s_been.inserted t hrough openi ng 130
so t hat %att 1‘%‘%‘3{“’8ﬁg%gf%gﬁﬁ%&t%g’%ﬁg?@?r8¥‘%ﬁgﬁ %%oﬁf"fe ‘ﬂ&gﬁ,’c{e nut 122b is
t hr edtded eotvbdinomwo néthicanventiba. until it engages the bottom surface of bottom
-wal I 102b. It will bﬁ agpg](r?en}1 to those skilled in the art that other
equi val ent f adt@HF AGhaws Adlggchart diagrang PO Hiystratingghermpthed operstions secur e
connect Oketdeedl : I SR i.nul fer.ance to
i gure oFoone s kPRI Wl ot &y collclr 0 AU IR SHB0°C Lt o
portion ©84pmhodinteahdf theprésemt ifi@htionTubul ar, portion 134b is disposed in the
openi ng of conpector cgp 132a. The orientation of channel 134a defined in
nozzl e 134 chadBdAILEDIIESCRIE THE PREFERRED EMBODIMENTS, t i on of 20
chanpel 134a defined in head portion 134c is preferably at an apgle, 0, of
abou?§35 degr e85 PESORHBEET geﬁ’gﬂ lg]féltsré‘ltg‘?w Q@‘ﬁll&oﬁﬁeé@ﬂ?@%mcul ar to
t he por t derail efiticieesiadle 4 BPacdehbasshn djkaidi&b%&! FgRQ 1A 9fd 184k dilséhégélﬁ
n o

embodi nent of the invention, the portion of channel 134a defined in head
portion B ipdhet Bagkssewsdeof the Inyentignssection. S degrees rel ative to a pl ane

per pendi cul ar The p}éggntqﬁ{réﬂ-n%ﬂ p%vi&eréaanﬁ’]oezlzlelag’slle%lbq? fu:'t \rh]/ﬁl%h itlgle rtlouztz) el igr

adjustable both vertically (or horizontally when the nozzle assembly is mounted

v

30  sideways) and rotationally. The present invention also provides a spin, rinse, and dry

(SRD) station in which the adjustable nozzle assembly is used to spray the bottom side



25 portion 134b. At the opposite end of connector tube 128, one endo6f~
liquid supply tube 120 is disposed in the opening of connector caﬂ Ié?bzmm
The ot her end of -liquid supply tube 120 is coupled in fl ow comunication
with source 118 of DI water. In operation, DI water from source 118 fl ows
through liquid supply tube 120 into the inner passageway of 30 connector
tube 128. DI water then flows out of coqnector tube 128 through channel
134a of nozzle 134. -1~ ,~1i~20n3 'Figures 7A and 7B show si de views
of two alternative nozzle configurations. As shown in Figure 7A, nozzle
134" is f of amahiobnductirngifer. e Geesefit iﬁ{z@iﬁ@ntfmwagro\ﬁidbsta%ftha@ﬁ's@n
configuratiaqn, head portion 134'c includes the portion of nozzle 134' that
is at an HRYN@thedosomaide, d.es thahagksigo of a semitsudistorefer dhaheve -angl e of

channel 134 a4 ' i.Qr LG referably the same as fhat
descri bedégi%%gﬁpﬂ@%gﬁﬁ%%ﬂ%ﬁ%\gmb%%ﬁﬁﬂﬁﬁgg .enigla?%Wne'gnW@?%LWéy Q‘E head
portion l@stddo ssucothat iwadjusfabk imebleds Plopedly aligheihi s nozzl e configuration,

chann 134"a pn he dlil ortion 134"c is at_an angle relative to channel
134"a 3 n tubul 'rg‘lﬁ“ofﬁ 2 gmpfified-pide viepuef apcSRIP §laion 1 0@ instiding 484" a i n head
portion lafdugaiis nesAd sahbit Hp ﬁﬁﬁj . ' ve onnection
wth Fi gu?ﬂulo 6?1 I n viSew %)S,f tﬁ)eéﬁggz eotétgﬂ#ﬁlgeﬁéfé{%egﬁgor@ﬁgmvﬁ“@ﬂer% gures 6,
7A, and 7®coidaned with bae apbadierent ofthe veatiaki A$ scbwnnthedetn, 8ol Lt a variety

f head i b d h t ientati f th h |
definod | HebHE ol w475 ind BevalHBhE iandh piventy Som hefemsubot | onal
vi ew of coopaect glureﬁﬂ? oﬁ?@ﬁr&smvﬂﬂpfféﬁfduﬁﬂ gﬁ’lg tﬁﬁs%éﬁ’é‘n t%ag%}elg)?'a%gtigr eaded

inner surface 136 has a dianeter that iIs rger t openi ng
'138a 1i0h t%de edpef with thasumirapé reltersiypically baiag faxt Sadsrdiler veeis disdposadled i nner

venttore T onT R d e of R e 108 8 R B 08 (o

same as tisatousbedven spindfe gui ¢1@Avhifh BUNS i BduBited oo BeS 132 CAIs@wLi vi ew of
connect or, cap 132a sgﬁm_i g}f;iégure 6 20 that illustrates where sealing
menber s PRS0 FROsg;S it hath b2 wicovwpledio spimwatordAd that ratates thevent i on.
As shown dhhgnLRl e SRRH %51"] I .ahl grally
frustoconi cal shaepe, #dgé%codglﬁtgqiﬁg i proxi nagéta%lgtnggﬁéggg}érb%@eé%#he si ze
of sdal i ngowrseden bbUdmivealsKI2batf bdwt 002, imtoupled to atsource 3pe bEdeionizéB@H) of

menber 142 rests fir,my.agains ered surface 140 of connpector cap 132a.
I'n additiBH" @Fﬂa‘lg%§ lmﬁ‘? 8‘%’#3’ B‘b@h?ﬁg@“@ggﬂ nozgle Resembly 1 kpissgeured 9 anet er
sel ect ed BoBtofre& 8l 10215 LY i f. . one
enbodi nent, sealing ngﬁg?‘r%gg%nggzﬁg‘iai%&(?’%41%2955 g(g&ﬁ#@gﬁlﬁ%&r;enber
144, whi chispesebopppiasitalsidgs hEkottonywall 62b,\as fiill b desmibed in mbepistail s

posi ti onggte?roxi mate to one end of connector tube 128 when connector cap
132a is ‘hreaded thereon. The size of sealing nenber 144 is selected so
that 28t | east Bheposetof @dbstantially transparent wafer 106 enables an operator to determine

visually whether DI water sprayed from adjustable nozzle assembly 116 contacts the
center of the bottom side of wafer 106. If the spray of DI water does not contact the
center of the bottom side of wafer 106, then the operator may make appropriate
adjustments to the nozzle. Depending on the nature of the misalignment, the position
25 of the nozzle may be adjusted by moving the nozzle vertically, i.e., up and down, or by
rotating the nozzle. Once the nozzle is properly aligned, spin rinsing of semiconductor
wafers may commence.
Figure 3 shows a simplified side view of an SRD station 100’ including an
adjustable nozzle assembly for spraying the bottom side of a semiconductor wafer in
30  accordance with another embodiment of the invention. As shown therein, adjustable

nozzle assembly 116 is mounted on sidewall 102a of bowl 102. Adjustable nozzle



- I nner S ~i ~'. G Z00 a dianeter of connector tube 128. Wth this

~of the outer tapered surface of nenber 144 has a dianeter |arger m.tlﬂamt‘k%gs

configuration, sealing menber 144 rests firmy within the opening at one
end of connector tube 128..In addition, the narrower opening of sealing
menber 144 has a di aneter selected to receive snugly tubular portion 134b
of 'nozzle 134. I n one enbodi nent, seali@g menber 144 may be a 5 bul khead
fitting seal. Tubular portion 134b of nozzle 134 is held in place within
the opening in connector cap 132a by the conpression fit between tubul ar
portion 1a8sbmbhdl ieiakequedweniienall 142a by d padf nhis 1924 hnd B278RRE £Bh 1§ © t hose
skilled in the art _that_the degree of conpression fit is primarily a
function Bf ﬂg’nr“éfﬁuir_‘?/@ %‘F%@‘?@F opRAstiE sidepof sidewall . Imthid0 t he narrower
openi ngs  ednfi@altiondin MEB&S . The ree of..conpressiqgn fit is
preferably suffi giﬂglrll{mto r‘%f%*%’ﬁ%ﬁ?%‘ﬂ“%‘d?ﬁ%ﬁ%@ﬁ}@Og& HeQezzle may e e when

t he nozzl edivsied by opwing thonozaihidrizoatally hes. 4Rk ahd f2thabl BYdistidetBe POSi ti on of
t ubul af px?«#ztz.ieon 134b to be adjusted by hand w thout the application of
excessive Torce. Wth the conpression fit arrangenent of the present
invention, theFasd 4 isAitofvichPo A7l 192 LR TRYF ] ej ther gxially or
rotationally. In particu a? . ?_he axi aI%ﬁpom tll:%’ra]ro' %%%lgq%ﬂffﬁg%ﬁ * be
adj ust ed Klless H exdhuafarhighoisriamteBatbons dilspindtenfngepetis) gugportconnect or
cap 132a. o Yeh: lLe I ed on bottomwall of a bhow as shown,
for exanple. rlfh i g%gégrﬁl?t‘?%f’% xa}tbé?lve QW@FW&E% &8 mntionggizhove, t he
vertical deinghirientatiohef tzmizele, MO8 §RbAMRAIG &aﬁsﬁwéiﬂkfﬂerﬂ%g%nﬁﬁlgse‘“’a' | of
al sli

a bo as shown, for 20 exanple, in Figure 3, "this axi ing action

Wil | ¥dj LR ORSFO g detcsming Wistksrovater sprayed fiorythe noZile isvontdcting flesi ti on of
nozzl e 134ntRYf adivdebacs oftﬁ&ﬁfafe@gﬁltﬁg%ﬂie ﬁ%ﬁgﬁ%;ﬁ;m Wi, hhe openi ng

i n connector cap 132a. The sealing nenber arra PRFRie in Figure

8B al so regessary msiptiments camischbdsusing SubeRAES! Binsp@Bnt W3abr (AR fore %
Figure 6). Wt.h tgls arrangement, liquid 25 supply tube 120 is held in

pl ace wi tHAPHSTHE CopERICH ‘F?PW@E%E?@PS,@WIHQQEGW edhin morepictaikheabow f i t

bet ween (Iul b @pgicht fiven PRAL MhalTRBES of BIhvator Thith bEsABIBELA, 142 and 144

shown _in Fi gure .1t will” be appare to those e art that
t he dégr essambly dhp el b dnfermittently ploelredrtiyl spindldf arnct §00as iofotitbewithinat i ve si zes

of |iqui . nd t he narrower openin t he seal i ng nenbers.
I'n ong e%‘ﬁ?ﬁ%’%ﬁ tt%ff)e?hdéﬁ gﬂtgﬁOI@Lﬁ)ﬁpg&lﬂ@b\é@W JPW?IZ§$$1W:&S£9W&QJ ubi ng.
The degr epirofinshiggnboessérpsuchiiiteisitBhefISnaR) does Wof peb i tn lrolflehmditi d
supply t%??ﬂ_lZO securely in place when the nozzle is in operation. -1 C
~ C 2D3 i |‘ba<§?"eﬁ@n§%9¥o§lgéh¢Fmrﬁmehn@grﬂmmemalfmtrat| ng the nethod
oper ati ons perd; I i i.nSl a hottom si de of sem conduct or waf er
i ﬁ accor dange ﬂvﬁlﬁggﬁg%@}gg& 'J’F’rﬂé}{lb?‘ ag‘ge‘f"ﬁ’g %F’é?’éﬁﬁwﬁ?ﬂ)*@ﬁﬁ?ta?ﬁy BrHsed] hod

begi 88 i nmplareat iteradAGblenodalecssaiblAdf thetiminbon 0AZ sBows tHtrein [H¥G12d] ust abl e

nozzle s 1 in Figure 6, is oriented 5 such that liquid sprayed therefrom
is di recaggq?%\}%eﬁ&’%ftﬂ@ Wit 1 Q3bgmd arderall 022 that exvfendstupvandly drommbottonbe

di sposed w01 (@B BdiloRSHIE - ' I I rgvi,ded i.n a

Ui [ abl & " b EMORE A9 02 e AUpAR 123 R Rel T p R G S,

subst ant e shaftldA shewe it Figutes 2raatl 8, extbadsfonspindiay e séhiofiflictsr vdfeshape of a
waf er, i%%di)segios%d iq #he .gosf ion where the sem conductor wafer will be

di sposed “SBPSEIR PO 102,38 8?%90‘0%9) Sfé@iﬁé‘lléﬁhﬁtﬁi-ssmvaﬁéo%@dn@ i shed
by sgppoid ddm@rdie vEH bk - | red ] ers situated
above a s %ndl e@gsry m g&zésa@lqlgP%&%gﬁlgp?%ﬁ@gt&?\é@tg&%gn# gl.mﬁrwag%relpgfli on 206
liquid, S.E@ staibyn. waowt | 02 mag pe mpdel of myesuitable endveridl g shelopRbylche As

substantial Ly, tran rent . er. In ration 208 it 1 s _observed where the
iqui d cBnYStkUOPRE o SlE et it RE et of fcbaeis snstaninibe i <
subst ant deditedt aiins R2se® Man 18O diameter of the semiconductor wafers being processed.

Figure 6 is an enlarged, detailed view of adjustable nozzle assembly 116 shown

30 inFigure 2. As shown in Figure 6, connector tube 128 extends through opening 130 in
bottom wall 102b of bowl 102. The outer surface of connector tube 128 is threaded
with, e.g., 7/16-20 threads. Connector caps 132a and 132b, each of which has an



. 15 operator can determ ne where the liquid contacts the bottom side of the
waf er sinply by 1ooking tihrough the wafer from above. As di scussedfifif, 2003
detail above, to ensure that the bottom side of the wafer is thoroughly
rinsed to renove undesirabl e particul ate contam nation, the liquid should
contact the center of the bottom side of the wafer. The nethod then
proceeds to decision operation 210 in which it is determ ned 20 by
observati on whether adjustnents to the Bosition of the adjustable nozzle
are necessary. If the liquid contacts the center of the bottom side of the
waf er, thggenidehaftii I : N Yol .t hat no
adj ust mentejz3 arfgzt ﬁﬁ%ggggﬁ%a%@h‘ga{n%? ﬁglg&g%{réo%ﬁggaggé}%gg%gﬁgf ilg ' 212. On the
ot her banBortions ehie linnpniser faen tefitisg theppehinbe indonpedtds aps 0324 41d 1saber, then

positiona pustirent s are necessary and the nethod proceeds 25 to -

oper at i onhf?ﬁﬂ?h%dﬁ?’ ]Irt]léf?rﬁ}l,’ﬁinfm oﬁr‘?%‘%@@ﬁfq Phtheouteg surfacs @f cepnectorie | i qui d

|'s not combaans nUhstaabies &SRl 32 M R to Bk tibddod Sufh the bipddlfy 35 Of
n

insufficient DI water pressure, then adjustnents are necessary [t he
net hod® predeedsonnsciopéuteti28n 214. 1 n operation 214 the position of the

adj ust abl e noz ' ' ed to direct the y of lLiquid toward the
center of the géﬁégﬁqu‘ﬂ%fgﬁgflgPWE%WEP&OIRSWQEFCSZ%&})&anpaé)b & i\zzﬁ‘(ﬁm onnection
Wi th the tE2bcwithtnuen22f engh@ing @t Rlrace bF Botidin Bl 1026 aR@RLL 1298 eﬁgaggxgget. on

i

adj ustabl e nozzl e may be adjusted by sliding or rotating tubula
134b in copeits swrfacg et batiemivell Hi2p. Hfdesired, anewf nufs 138aand i22bimay U84c. More

parti cul - PG I & ~~3 13 .t he adj.ustable no assenbly is
nmount ed %Eegraé‘ﬁltﬂgcﬁ%?tfx {8#) ¢ gz %obﬂ c,’neteﬁ%bo\?gﬁl}tc? the}@?"ﬁwpnﬁ“ztﬁégﬂlsporti on
134c ifay integra witccdnyectbi tibag28. ulnthrenitdirh a1, df64 Rostecn bdawe Ha§ connect or
cap 132a. In.so&? 'ihr}stﬁgces, S}ﬂg"% siéatrJati nin which the DI water is not
reachi ng 1978 ST Hiravefbonsning 30 serthat nih {2 d5eneagss dhelepisyrincs ofibagomead
portion 1341¢ 167b, nliel 23t is ifrefde@ BRko Shnb&i6r RBL LAM if bRiea] thb BE R 6 race 1 NE
angul ar position of head portion 134c nmay be vari ed gy rotating tubul ar

portion 1GA9tPR wathAGRh. oft Wilk be appesent Th éhose tkilled orthe art it othet bguiilemat er

contacts -"BD%E rtj of .the bottom side of th e y be
renedi ed ?/tglgl%gngl nosdsbﬁg"g‘}re? %%’ﬁls(?fm%)ﬁ%e \‘FSH]E? 63~ (ke 1= 0 i1 OT% %@I ar
posi tlison tafttolrewdll pO2B.i on 134c. Once the position of the adjustable nozzle

has been 10 adw ted, the nethod returns to operation 206 so that

oper ati ons 206ViBEentingige peferepes tofisyre Senezalp 1 has chanrieb 1 Hardsfineded i n
oper ati ong j ' rl ligned. ..th t hod
P ocacds Tatf drdatholhes AMHPHRILE | IR Eldeed oBHARCH. HubBlfbrahl A
seni condus tizposeefie tise dyeningsofandndche capt by Tl divnetioAs ehdnneniBsigal

[ t .15 t f Dl t th dj ust abl I il
Cont act (RISELI B | FHRUAaob A EN0r | 1450 10 SRCBIAD.10¢ BROARPEr s bocause
th ' i j ' t tantiall
L1 anoghy o 1 3pSofclaR nREE ROALIRIS prerBabaf Ap MEUPD. LR BB 35 PO

either t hizgwes er atout VHdegrow relative and plafit péerpeiadibylad tBahe pdtEos BF éanal DI wat er
is actually coptacting the center of the bottom side of the wafer, an

oper at o(r]I 134n dotngskin i arpasiion Liqh: dpene ﬁ@tboﬂiﬂ?nb of ﬁlérilr\lsﬁnti@n,dhe portion
those. okideaaprht ffs deinslf e TALRUPIIAL i i b, Babaptit S BBBER at o used

in the prrelatisstood plané parpemicdliteoakl peitiah beci@azl 1348 A88ndi0h thsulghaped as a

wafer, i.e., circular. If desired, substantially transparent substrates
havi fg otAfEio%I34%s, 25 e.g., polygonal, may be used. As used in connection

with the descrjipt.l : i i t r S i,al l .
fransparent - subars opp el of QERHoP e 197, S FRBCLAHERMENY e Viodhe o
that obj elitpesat ini thegpainnoferansdtoiecapl13Lbe The betet afidoliafhid SuppBefubt 1o t he

ot her side of the substrate, The conponents of the adjustable nozzle of the
present ithoRs fﬁ%’«/ coprgiceiphithspwse AR oE D wakr e Imepesaticn, DI svater

pol yet hyl : T} i i al | r fer is
prefer abf?&%‘%‘%ﬁ% ﬁ%@%%ﬁ?@o% L%%Wﬁ%%?,%o Heﬂ?{e lté]él taa@%g@ﬁ@ ﬁfi al s,
e. g. 30acrphiecsorduisk (28 sP] wales thendlpwheutsfebnnWtontupel 18 drbefadtRnhg ~ ~—~1~

2003 134a of nozzle 134. '




14 used, the substantially transparent wafer nmay be fabricated by nachining
a bl ank sheet. Wen materials other than pol ycarbonate are used: Tt0M 1200pe
apparent to-those skilled in the art that the use of other known techni ques
to fabricate the substantially transparent substrate may be nore
appropriate. 5 The nozzle assenbly of the present invention advantageously -
enabl es an operator to adjust easily the position of the nozzle to
compensate for tolerances in the spin stfati on, e.g., the spindle height may
vary fromspin station to spin station. In the method for spin rinsing a
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substantially transparent substrate is advantageously us orrent the 10
adj ust abl As ply i Kiguieidymezzlh 434'1is Guriretd of agingldPieasalf eigid iubirepaygs ont o
the center o[? t he bot.t ogies(%de of g,serri c&ﬁr;duct or, wafer. This ensures that
the entir®% t‘iOBﬁ'\g‘%]i'a g, diead pertigal &t ciiacludesthepertion pf rogele 13#ctet isgt mas
confirrredar;glfgaitel 77| S . t he present . invention with the
adj ust abl e “nozzl e 5@@8&%?%@?&%@5@?&%@% ?@%%@%ﬂg?hﬁﬂ B?a(‘,jl e counts
on the bojdrtion $34le islirefeeibly MRAEHE a5 R HEIRbECARIVE M cdifelti with F‘%‘ﬂl’ee”t I onal
nozzl e shown in Figures 1A and 1B. In sunmmary, the present invertion

provi des @anAashaven wfiguredB; headysartiobl §4' cis spimprisediofa@olid bk Yo Giksat i on for
spin rinsin ttomside o sem conduct or _wafer including the
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to those miriidd e34 icris pleerably the RMCRABAIREG YA Ab&Ve ih DEnRLRSH Withalpp and
practice of_ the invention. For exanple, the nozzle assenbly nay be nodified

to i d@ ude unew pf hemezzleaniigurations shhwn o Rigures £z 74, ssksBhibt wilhbyy be nount ed

in a bow i feat yres. descri.bed ove shoul d be
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cl ai 5. Whaoriérgatidroofithe chamnel defindd @ heGo2£l0 %o the dedidiMBglk. A nozzl e assenbly

(1 16), conpri m}g: a. connect or Iﬂb_e (128) having a tint end and a second
end, an out er SEPFR LIsGCTeSSECUBIRhBEHRT conpestasspp d32ashenadn Figure br st
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cap having a top sprface and a threaded 1 nner surface, d sa irst
connéét oropeaissHeBag onsuefared 38. dhapered aindade Mdtextends nftweai treadadiaeeor t ube

178): . c onnect ar,,ca 13 vi,ng an ni n er et hrough, said
gec oald ¢S ﬁrn%g %Er}’d%n?p‘)phe%'&igﬁa 8%“&8% Sﬁ%ea@' J.Hgn%e ﬁ‘?“g%%%étﬂ?@\”e%téﬁrﬁ gc e, and
sai d secaonglcafipeionlof¢amndeairesp 182 (f%ﬁ)?%ﬁﬁ% ONk theS@in a5 BEPREbwANG Of said

a

connector_tube (128); and a nozzle ( vi'ng a head portion (134c), a
t ubul ar §6$¥P§ﬁ-(134b), and a channel (134a) defined therein, said channel

defined in sai NQrti i.d_nQzzl e bein n angl.e of about 35
degrees to abofﬂg'ﬂggﬁ ggrc%éesg'%?‘g'[oa R cgn%choﬁ@algé%e‘ﬁaw&d\g gfgu%ﬁsai d
chan@el diedtiilhestraies viaidlsdalihg ri@mbeay hipBe floviRl th AReAlaRce #itH of@i d tubul ar

portion bei na_ di spgsed 15 in said opening of said first connector-cap
(132a) s&MbRaiment gbdeipyention. Agishows thareincspalingmanba 142, shithrpetrabiinal | y
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size of sealing membell' 142 is selected so that the outer tapered surface of mexﬂber 142
rests firmly against tapered surface 140 of connector cap 132a. In addition, the

25  narrower opening of sealing member 142 has a diameter selected to receive snugly
tubular portibn 134b of nozzle 134. In one embodiment, sealing member 142 may be a
split ring seal.

Sealing member 144, which also preferably has a generally frustoconical shape,

is positioned proximate to one end of connector tube 128 when connector cap 132a is

30 threaded thereon. The size of sealing member 144 is selected so that at least a portion

of the outer tapered surface of member 144 has a diameter larger than the inner



first and second nuts (122a,  122b) di sposed on the connector tube {228)
The nozzl e assenbly (116)' of claim2, wherein one of the first and $dﬁmnd?mﬁ
nuts 20 (122a; 122b) is integral with the connector tube ('128). 4. The
nozzl e assenbly (116) of claim 1. wherein the threaded inner surfaces of
the first and second connector caps { 132a, 132b) have a first dianeter)
openings in the top surfaces of the (flrst and second connector caps have
,a second di aneter, the second diameter!'being smaller than the first
dianeter, and tapered surface extend between the threaded inner 25 surfaces
of the fi diametndf caeOdr AHANSS! Wltlpﬁaﬂscogﬁg%lfaﬂﬁré%@a{ﬂgr}ﬂgnbg} 1t4ﬁ‘%e§t§p surfaces
of the first and second Gags. 5. he noz
assenbl y fmlgwighin ghexinening aphee eidofidonstctegabé 12§, Tamtiditiony thd Arrewer 30

i f the first, and ec nd connect or
O aps- ( 1oTeRt g sbathdd Gl T L A el tofebeia? PGSBS ( 144) ar e
provi ded portisn dBdteof iwzzRE 34 Ls bnddibsReRd sQnds nﬁf'nﬂep?ﬂ?ﬂﬁg%?taor tube

128 zl e assenbl y (116) of claim7. wherein th irst sealing
Enarrb)erss (‘?%%eaaéz tang$8alring seals and the second scaling menbers (144) are

bul khead fittifg, &3}0 | K nd.dr 10Q) for spin
rinsing a sem conduct ongl 4@&%8%2%%}?2?%1&51% Xm?ﬁ)% ?ﬂf&ﬁ a bottom
wal | ( 1026)negidr apsusaemme dokpzegsionaNitrRtvideniGlar POMRAT 1 {4bldhd sghifposed in
said bow EI d.r nal nenber being attached to a rotatable af t

(112): 10"“81m 1S rlﬁ? ang 144, g&ﬁﬂ@?ﬁ’%ﬁ‘ﬁé@ thasg oiglechintthe h@&xat@hes@gmeraft ati onal
nb t uct or

vl or - aboyn brasgre s FRARAY" RELAh SORL Ko oF HBRRE bofion a6 &

r ot atlfp| ehe nm‘q;wermmmngs of sealing members 142 and 144. The degree of compression ﬁt

- is preferably sufficient to hold tubular portion 134b securely in place when the nozzle is

in operation, while at the same time allowing the position of tubular portion 134b to be
adjusted by hand without the application of excessive force.
With the compression fit arrangement of the present invention, the position of
15 nozzle 134 may be adjusted either axially or rotationally. In particular, the axial
position of nozzie 134 may be adjusted by sliding tubular portion 134b within the
opening in connector cap 132a. When the nozzle is mounted on a bottom wall of a
bowl as shown, for example, in Figure 2, this axial sliding action will adjust the vertical
height of the nozzle. When the nozzle is mounted on a sidewall of 2 bowl as shown, for
20 example, in Figure 3, this axial sliding action will adjust the horizontal position of the
nozzle. The angular position of nozzle 134 may adjusted by rotating tubular portion
134b within the opening in connector cap 132a.
The sealing member arrangement illustrated in Figure 8B also may be used in
connection with connector cap 132b (see, e.g., Figure 6). With this arrangement, liquid
25 supply tube 120 is held in place within the opening in connector cap 132b by the |
compression fit between tube 120 and the sealing members, e.g., sealing members 142
and 144 shown in Figure 8B. It will be apparent to those skilled in the art that the
degree of compression fit is primarily a function of the relative sizes of liquid supply
tube 120 and the narrower openings of the sealing members. In one embodiment, liquid
30 supply tube may be 1/4-inch plastic tubing. The degree of compression fit is preferably
sufficient to hold liquid supply tube 120 securely in place when the nozzle is in

operation.



an adj ustabl e nozzl e assenbly (116) disposed in an aopening in saLg,b%EpogmB
wal | (102b) of said bow, said adjustable nozzle assenbly conprisiH ]
connector tube (- I 28) having a first end and a second end, an outer
surface of said connector tube being threaded; a first connector cap (132u)
havi ng tut opening therethrough, said first connector cap having a top
surface and s threaded inner surface, and said first connector cup being
threaded onto said fast end of said conffector tube; 20 a second connector
cap ( 132b) having an opening therethrough, said second cap. having a top

surface and a FiguesgsibwywBowshiif BE&adh0SRhSra88 ?}Beqn orkUP being
t hr eaded on{o sai.d second end of sa?ﬁd connect gr %u e_&gﬁggﬁr%t%%n% e (134)
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thr eaded;and 3 ilnsperdonaos Gquanpe( Bidnked B LhRged buaRE elbbliif Srupuoh, sai d
first conngector cap having a top surface and a threaded i-nner surface; and
sai d ti ntSuestaRialiydiagspaen Wader dn operatioe d0%iH it ebsswied wheresthe diquidof  sai d
connect oreohMPRith havi n_.openin
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said nozzle can be horizontal rotat 'y a and said nozzle
bei ng pospPhiapweatiogpthgdiquisl shionlsidontacs theargntef of the botdorh eitiarod tiee wafst.er of a

bottom si de OfTh% n%&ﬁ%c? 81%9 lfa%c%édsvgfd%(rzisﬁ)lrjl%%glragigg 2 1(51 ins\?/jaj%h t1)t0i\é\'1détermined
20 by observation whether adjustments to the position of the adjustable nozzle are
necessary. f the liquid contacts the center of the bottom side of the wafer, then the
adjustable nozzle is properly aligned such that no adjustments are necessary and the
method proceeds to operation 212. On the other hand, if the liquid contacts a peripheral
portion of the wafer, then positional adjustments are necessary and the method proceeds
25  to operation 214. Similarly, if upon observation it is found that the liquid is not
contacting the bottom side of the wafer at all, e.g., in the case of insufficient DI water
pressure, then adjustments are necessary and the method proceeds to operation 214.
In operation 214 the position of the adjustable nozzle is adjusted to direct the
spray of liquid toward the center of the bottom side of the wafer. As set forth above in
30 comnection with the description of, for example, Figure 8B, the position of the
adjustable nozzle may be adjusted by sliding or rotating tubular portion 134b in
connector cap 132a to vary the position of head portion 134c. More particularly, when



13. Deleted. 25 I4. The spin, rinse,. and dry station (100) of cLaHnmgp 2003
wherein the adjustable nozzle assenbly (116) further conprises first and-
second nuts (122a, 122b) di sposed nn the connector tube (128), said fast
and second nuts securing the connector tube to the bottomwall of the bow.
15. The spin, rinse, and dry station (100) of claim 74, wherein a |liquid
supply tube 30 (120) is disposed in the opening of the second connector cap
(132b), said liquid supply tube being c5hp|ed Lo a source of ideionized
water (1 18). - ~~~ Cc zoa~ 18 1 G The spin, rinse; and dry station

(100) of tHeaidjustiblé noraky bblIPes Adimed R 'a%o&&ﬁim cﬁsam,' 'F‘ﬁé’%‘i‘ig%]ef ur t her

conprises first and second nuts (122a, 122b) di spose ctor
robe) sai Begg?%ftheéﬁﬂo@éédﬁﬂc ey esaded by gidingtubolanpation 184bep tad dhven
sidewal | gfcd; : T, [ rinse, and.dry.station (100) of claim
1G wherei nc éﬂ ﬁ?tgﬁ% ls%%'pmgbﬁﬂiigm%nief&%isguag’iog%g’éff%itﬁe bﬁé”a&ﬁéﬁﬁq{g of the
second cormeling thedetofil Sabpf the avafer haybereaieniel by raibing A GorfioN @ﬁ@cﬂsot 0 a
sourc oftdgi oni.zed mﬁ;[e%rﬁg(lla . 18. A method for sprn rinsing a bottom

si de aPeETHIT AR &9 PRy SIdcofriBe Weferg The engularpositipul bfibeas dootién ( 1U2)
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of a sem condﬂ&ﬁ g?b%@gﬁygﬁé%%g@& I%rﬁf"éfz?q’dﬁ%%ﬁ ?Olwgfté’ﬁf’?pn ai‘dadj ust abl e

nozzl e (1Stiptiowihwhichtthd Dijwiater sputasted péﬁﬂ[&aﬂ?é\:bﬂio&dif‘ﬂ%ﬁmo% §88 &} el S
directed foward t?he ce%tﬁ‘& of said bottom side of said sem conductor wafer;
and sprayl Ay MegFedepe &P{P"&&H&I{%Ib@thﬁztm@r(lqﬂéhﬁlgbhw angobmt er of said
bot t om si gl&itafn dhead gon : I ration of
orienti ngﬁ?ai d adj us grgﬁgmgggzlége%@@ p@éﬁé pffé\lg%ﬁ@%@gl%{h ?’ﬁéggﬁﬁlﬂe&dj ust abl e
nozz| ¥ ( 15lysted; ¢he mpthod setivohs dolpperatioil 206n2Ritopestipe) 2062008,00ARI0 20a9OSi ti On
wher e sailgel%ﬁggt cgnduct or wafer will be disposed in said bow for spin
rinsing 20 .. (%') di sposing a substantially transparent substrate (106) in

said bowl in sahek ipasictérainadiaiopetatibn 256 Hat MadUREAbIHREAL Whibbed? i sPosed
for spin rlns(;r{g; -, .. () Spl‘ayl ng liquid fromsad adjustable "nozzle
(134) t oviigtied Bomethedrerseds tospiertion B4 2 akn ereration2 2 tpspimrinsing bt r at e
(106); ( depRBsRuMoPdREEES |4 qui tacts,.sai.d bottomside of said
substantially 25 t'tofg{nspar n%%l%‘é‘?tﬂaeﬂ'gﬁ?gg%e,’ Abgyut agisnal FREIRHENEYsi ti on of
sai d ladj ube sy ofiB mater (fiodd yhei adjustablencanle willeohfaciithe calBérsores b&iA act a
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20  bereasonably certain that the bottom side of a semiconductor wafer is being thoroughly
rinsed.
It will be apparent to those skilled in the art that the substantially transparent
substrate used in the process of orienting the adjustable nozzle need not be shaped as a
wafer, i.e., circular. If desired, substantially transparent substrates having other shapes,
25  e.g., polygonal, may be used. As used in connection with the description of the
invention, the phrase *“substantially transparent substrate” means a substrate that

transmits enough light so that objects or images on one side of the substrate can be seen
from the other side of the substrate.

The components of the adjustable nozzle of the present invention may be
30 formed from any suitable material, e.g., polyethylene terepthalate (PET). The
substantially transparent wafer is preferably formed of polycarbonate; however, other

suitable materials, e.g., acrylics and glass, also may be used. When polycarbonate is
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the present invention with the adjustable nozzle properly oriented yields improved
wafer particle counts on the bottom side of semiconductor wafers relative to the
15  conventional nozzle shown in Figures 1A and 1B.
In summary, the present invention provides an adjustable nozzle assembly, a
spin, rinse, and dry station for spin rinsing a bottom side of a semiconductor wafer
including the adjustable nozzle assembly, and a method for spin rinsing a
semiconductor wafer. The invention has been described herein in terms of several
20 preferred 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, the nozzle assembly may be modified to include multiple nozzles or more
, than one nozzle assembly may be mounted in a bowl. The embodiments and preferred
features described above should be considered exemplary, with the invention being
25  defined by the appended claims.

What is claimed is:
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onto said first end of said connector tube (128); _
 a second connector cap (132b) having an opcmng therethxoudh said second connector
cap having & top surface and a threaded inner surface, and said second connector cap being
107 thr'cadled onto said second end of said connector tube (128); und ‘
n nozzle (134) having a head portion (134c¢), a whbular portion (134b), and a channel
(134a) defined therein, said channel defined in said head portion of said nozzle being at an
_ angle ol about 35 degrees 1o aboul 75 degrées relative to a plane pcl‘pcndl'cu]dr Lo said
chammel defined in said tubular port:on of said nozzle and said tuhuldr portion being disposed
15  in said opening of said first conncctor: cap (1321) 50 that a position of said nozzle can be
axially and rotationally adjusted.
2. 'The nozle assembly (116) of claim 1, furtkicr comprising: -
first and second nuts (1_22_::1, 122b) dispased on the connector tube (128).

3 The nozzle assembly (116) of claim 2, thmin one of the first and second nuts
20 (122a; 122byis integral with the connector whe (128).
4, The nozzle assembly ¢ !6) nf claim 1, wherein. the Lhreaded inncr SUl‘f'iCBS of

the first and second connector caps {1322, 132b) have a first dlameter. openings in the top
surfaces of the {irst and second conncctor caps have a second diameter, the second diameter
being smaller than the fi rét diameter, and rapered surfaces.extend between the threaded inner

25 " surfacos of the first and second connector caps and the openings in the 1op surfaces of the first

" and second cups.
5. Deleled.
6. Deleted.
7. Thé nozzle asscrably (116) of claim 1, wherein first sealing members (142) urc

30 provided proximate to the Lop surfaces of the first and second cbnncélor caps (132a, 132h),
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10 a plurality of support members (108) altached to said rotational mcmber said support
members being configured to support a semiconductor wafer above said rotational member;
a motor (114) for rotating said rotatable shaft; and
an adjtistablc nozzle assembly (116) disposed in an op(:nimr in said bollom wall
{102b) of s.ud bowl, said adjustable nozzle assembly comprising: '
15 a connector tube (128) h.wmg a first end and a second end, an ‘outer surfuce of
said connector wbe being threaded; ' '
a first connector cap (132u) having an opening therethrough, said first
comnector cup huving a top surface and a threaded inner surface, and said first
-connector cap being tueaded ounlo said first end of said connectus Lubc, '
20 a second connector cap (132b) having an opening thcrctbrough, said second cap.
having a top surface and Aawth,re:,a_dcd inner surfacc, and said second conngctor cap being
. threaded onto said second end of said connector tube; and .
- a'nozzle (134) having a tubular portion (134‘0) defining a channel (134a), said
tubular pomon being disposed in snid npenmg of said first conpector cap sa thut a position of
25-  said nozze cun be vertically and rotutionally adjustcd and said nozzle being positioned so as.
to direct a spray of liquid toward a center of a bottom s;de of a semiconducior wafer
supported in said bowl. |
10. Deleted.
L. Deleted.
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a motor (114) for m{atmg saidl rotatable shatt; and
an adjustable nozzlc assémb!y (116) disposed in an opening in said sidewall (102a) of
10 - suid bowl, said adjustable nozzlc asscmbly comprising:

- ' a connector tubce (128) having a first end and a second end, an outcr surface of

sald connector tube being threaded; )
a first connector cap (1SZaj having an opening therethrough, said ﬁrét ,

conmeclor cup having a top surface and a threaded juner surfuce; and said Girst

15 - comnector cap being threaded onlo said first end of said cosnector Whe; _

. - asecond connector cup (132b) huviﬁg an vpening. therethrough, said second

connector cap having a top swface and a threaded i;mcr surface, and sard second
connector cap being threaded onto swid secdna cnd of said connector mube; .and .
a nozzle (1-34) having'a rubular portion (134b) defining a channel {134a), said

20 iubular portion being disposcd in-said opening of said ﬁrst‘connector cap so that a position of
said nozzle can be horizbnta.lly and rotationally adjﬁstcd, and said nozzle being positioned so
as io direct u spray of liquid toward a center of a bottom side of a semiconductor wafer
supported in said bowl, ' ‘

13. Deleled.

25 14.  The spin, rinse, and dry station (100) of claim 9, whercir_i the adjustable nozzle
assembly (116) further comprises first and second nuts (122s, lZ”b) disposed om the
connector tube (128), said first and sceond nuts securin g the ccmncuur tube Lo the bottom
wall of the bowl. '

15, The spin, rinse, and dry station (100) of cluim 14, whercin a liquid supply tube

130 - {1 20) 1s disposed in the opening of the second connector cap (132h), said lquid supply tube

bemg coupied Lo a source of demnuud water (118).
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' @\ The spin, rinse, and dry station (100} of claim 16, wherein a liquid supply tube

(120 1s drsposed 1n the opening of the second connector cap ( 132b), said hqmd supply tube
bemg coupled to a source of deionized water (118), . .
18. A method for spin rinsing 4 bottomn side of a sem{cnnduclor waler,
comprising: ‘ ' |
0 providing a bowl (102) hdvmg an adjustable nozzle (134) tor spraying liquid toward &
bottom side of 4 semiconductor wafer disposed in said bowl;
onenung said adjustable norzle ( 1’-&4} sich thal liquid sprayed from said adjustable
nozzle is directed toward the center of md bottum side of said semicondnctor wafer; and
- Spraying liquid from said ad;ustahle nozzle (134) onto a center of said bottom side of
15 smd scmiconducmr wafer, wherein the aperation of orienting said adjustable nozzle -
compnses
(a) odienting said adjustable nozzle (134) such that said adjustable nozzle is pointed
" toward a position where said semiconductor wafer will be disposed in said howl for spin -
tinsing; ‘ . ) )
20 d1sposmg a substantially transparent substrate (106) in smd bowl in smd posxlltm '
where said semiconductor wafer will be disposed for spin nnamg, _ .
(c) spraying hquld {rom said adjustable nozzle (134) toward a bottom side of sasd
substuntially transparent substrate (106); '
(d) observmg where the liquid contacts said bortom side of sald substantially -
.25 transparent substrate (106); , _
“(¢) adjusting the position of said adjustable nozzle (134) in the even! the liquid docs
not contact a center of Sdld substantially transparent subslmte (106) and '

) repeatmg operations {h) through (e) unti] the hqum contacts the center of smd
'Subamntmlly transparent substrate (106).
30 _ 19, Deleted.
20. Deletgd.



