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Lnl a5SESwedenB, P j J: S | . FER
CLEANI NG AND 5&3&%‘5%@@1@%@%%%%? ?'gfli‘p‘ﬁl"?'(:gﬁx'c‘)%gg'ﬁ%%%s t he
benefit of U gndMen parictlarppd iaCrlyep Rybom GAd1dYgirPgrodesk €8r Bpyiager 9.
1998. 5 Inventors: Tamer Elsawy, R Mark Hall, Josh Butler Field of the

| nvention 10 $ueh pbjetatusing andrying vepat.es generally the field of systems
for processing and cleaning objects requiring a high | evel of cleanliness,
and nore particularly to a dryer system and drying process for drying such
obj ects Usd N3 REVAUHY YRR invenhthf k9round of the Invention (n certain

i ndustries thE're—gT‘E‘pT'omws\}éﬁaT‘rmst be used to bring objects to an
extraordinarily hi dgh deftein imdusttieanhencas pfodesse@athidtanushbé getiabr i cati on

of sem conductor wafers, multiple cleaning steps are typically required to
renove ' i npur ibringsolbiests thanzxteagrdinasly igh lavehaf sleantieess.ec Fetbsequent

processing. T ni.ng. .o . pr tion, has for
years been pe%&gﬁég k&/gleoﬁbg(':étﬁﬁg?g{ %FF&%@A&?&%@&% nilfﬁgé ch and

subj ecting t heldsiAg teps afs GsiaaRy P6qGifedTts 2bmole implFities tfRdth thed
eventually to a final drying step. A typical surface preparation procedure
25 i nvol v&@ baunfangst dletheavwafers gemueeswlsegmmu pocessingl- Ehricle@ning r enove
surface oxidation and netallic inpurities. Afterwards, the wafers are
thoroughly ri rifedlW eﬁ'ingﬂ‘P‘ﬁUr?ﬁ Fudars Arekaraligne hag iy Years Reffve et ch

chem cal s f ro%ﬁr?&rﬁ\@& Wcol@?iﬂ%@%l\rﬁ@&tﬁfés ?f{iﬁeé BafeH! %8%\5&'&%@%“9 of

several known yl ng processes. e are sever es of

tool s and net hidshatetdtd 8 seqdeate oftchetaical and rinsbsteps bad @viehapallyat i on
process. The tool nost preval ent in conventional cleaning applications is
t he i mer si on e finabaiving step: f Hriypical sufkacetaparationrprgsedyeench

processin a. . 6 2003 batch aof , watets i i {{nto a series
of pr oces%sves'ggpg",es\?\’ﬂwm? 3{}9 ﬂfse\';%é'i @Ir‘seq(c(f!}r1'5[°<131'tt'f"l:f:fgrl’?ﬁI c%ﬁi%gaed for
clean or etch ! i} ; HeRk Z wl") for
the rinsing of Fﬁgg%%gﬁgﬁly(ya*'gaﬁéﬁﬁﬁmﬁ %?mggpﬁgg'e%%@gfgﬁlg }:Renergy may
be 5 inparted wafereamafioreughiyndnged robigrcpuarity déienizddogaterdDifpteed to

remove etch chemicals from the wafers. The rinsed wafers are then

dried using one of several known drying processes.

30 Currently, there are several types of tools and methods used
in industry to carry out the surface preparation process. The tool
most prevalent in conventional cleaning applications is the immersion

wet cleaning platform, or "wet bench.” In wet bench processing, a



one or nore of the vessels in order to nore thoroughly clean the wafer
surfaces. In the final process vessel -2he rinse fluid is rePMa@003om the
waf er surface using a solvent such as isopropyl alcohol (IPA). IPAis an
organi ¢ sol vent known to reduce the 10 surface tension of water. In one |PA
drying method, described in U S. Patent No. 5,226,242 (Schwenkler), wet
substrates are noved into a seal ed vessel and placed in the processing

regi on of thbatesebwafars IWW&QdﬂtQ:Fcﬁ?d'BSSOfgéW@P&ﬁé’GSPﬁlSan‘QS@r gener ati ng
regi on of the vessel § |rect ; roces Fg ion, where
it renoves wiPERN VEHTE ﬁ&%ﬁ'@r eGP "gﬂfer‘i'g RS s el dung RIS,
effective 1 n igutits|dorthifl ddisfi sae,vx@‘rqr'm")% thé riHding 88 ith¥sqdapt abl e
to single vessel systens in c em cal processing, rinsing, and drying
can be carri etiemitalsrframstheghvaferesiréace.2Mégasonin eratgy meaynber ns have gi ven
rise to efforts to inprove drying technology in a manner that mnimzes | PA

usage. One sidWwaries w the maff:rﬁgU$lee wctﬁj@ctr@ traasdugess gompladthini que,

whi ch |l d f th
Vr ongoni -t odR1% SECraPHiBR Vel i<t e adae etBRaFRrCERR Bhse 25 et er
contai ni ng t RRak@iRirfacisl | R iHéefM@f;ﬁbéeé’é %e§éél""4tﬁ(e kinsbatLifinem t he

processi ng vessel. The concentration of the dissolved vapor is highest at
t he waf er sureamedSrendtheowafensurfage asingh doeenti suesh &6 isapropgt are

spaced fromthe wafer surfaces. Because surface tension decreases as |PA
concent r at i orPIFPROIIRAL, Phcissan paganigsolvandi kpwn toHedugedhei s | owest at

t he yvaf e surg&%;{ ﬁwfhi{s?# g? "Ygg)@ concent ratl on is highest. The concentration

gr adi ent us re 'May 2003 "Marongoni flow' of the rinse

water away from thg ghé IR&RFYRIg MREhoR! @éstribed indL R Ratebt Ng.row A Rinse
water is thereby stripped fromthe waf er surfaces, |eavi ng the wafer

surfaces dry.5AR28,242 thgliwenkledn vest sut!stmesragemovextmoqm@eakeddescr| bed
5 US fat 4,911 (76 M Co | which d |
I(:Ean‘oer sys?e\’ﬁ?ﬁ?i a&‘ﬂe%!ﬁ?‘?é] in %héﬂﬂ‘?f‘gensgﬁw g?%}?ﬂ:j’%vﬁ‘ﬁg‘?ésg Kzs b Pgeg in the
b d
patent, a batgh,of cl%ﬁ% %rﬂeﬁcﬁda{ bE%8r-§%r§1é@gfax§eﬁp?&fﬁf‘fﬁ§%'ss @n

process fluids are asse rom roug t he

vessel . Mg nmahdes dirubtéuarnte rfhqucessmg regioRs whedd e deirtbveeaiatirspl acement
drying" to dry the wafers after the final rinse. The drying step.is

acconpl i shed :ﬂnmgharwaieps drT>h!$1glrwagdecm@lpadugéughlwtfoemvwssel as the

i f1 uid | owd d...Th di

wnter and conteRellieliSVRRER mEEetire, HERR po Wi RachihE 6 atudR ' "o
creating Mar oRgegd| JstQéVn%ﬁanHmhtH%M%faﬁbréé&sfsmgﬁ%ﬂhe bRE drgingdedip rinse

water and resulting in dry wafers. Wile providing satlsfactory drying
results and r@&mrngdlmlugagmgle Wesshlr ect di spl acenent drying nethod

| eaves f her roo for i nproyenent. For exanpl e, bec se thjs process
ol o5 1 BBart on BSIAETIANE] RENERS SAMe-OUOnATES B PTGy E HRrREend ng

rinse fluid inydig technology in a manner that minimizes IPA usage. One such

improved drying technology is the Marongoni technigue, which is
illustrafed schematically in Fig. 1. In one application of the
Marongoni technique, an IPA vapor is condensed on top of the rinse

25  water containing the wafers while the wafers are slowly lifted from
the processing vessel. The concentration of the dissolved vapor is
highest at the wafer surfaces S and lower at regions of the rinse
fluid that are spaced from the wafer surfaces. Because surface
tension decreases as IPA concentration increases, the surface

30 tension of the water is lowest at the wafer surface where the IPA

concentration is highest. The concentration gradient thus results in



process vessel, it is not adaptable to systens in which rinsing is carried
out in a separate vessel and then trangferred into a drying g

Moreover, the rate at which the deionized water is drained from'the vessel
nmust be closely controlled to achieve full benefit of 25 the Marongoni
effect. In a cleaning and drying process described in U S. 5,571, 337
(Mohindra), wafers within a vessel are exposed to process chem cals and
subsequent | y'Mamsgdni floldl" efather rihse veater awayg i lthe [seniacek of thiet er

rinsing, an | PA cleaning step is carried out which utilizes 30 Mrongoni
flow to remoValars@siindiegteshbyiarrey Ay o Rinse Watekis thereby strinped ¢l eani ng
step involv directi an.l PA vyapar into the ;.4 -.6 May 2003 vessel
while the Dleﬁ?'i"n@é’ Wg?%rs‘frga%qsok%'ageﬁp'ﬁe\ﬁ,""p%r%ﬁﬁcﬁé cRﬂr’ongoni flow from
the wafer surfacegnbiMep dopRchBiss Uf e MARSHhYGHi Sbchiigpe!is idedciBed k¢ patent,
If the rate at which the rinse water recedes 1s carefully controlled, this
f1 ow canbbe WldPdto Nuom: iy 91 &s7 @AM qgranell) cindvictadegcribesratdimgleaf er surf aces
and results in cleaner wafers. Inh addition to c|eaning particles fromthe
waf ers, the dharabeosystempierkleaniga; minsingnasdfyingnwatersa Agbst antial anount

of rinse wat f : : , 4 In on the wafer
surfaces at f%sgr{?%? 'h]t}ﬂF@t?é; %Fggaygﬁd” é\getrﬁb‘cf g{#@bgégon'ég%@él?s 10 directed
onto the wafglbSed YeS¥aPahalstobbss fierds Had B&eééir franPpbts botdrhe this

process is desirable in that it reduces |PA usage over conventional drying

processes, t$equardialiyahrowglethelvessalt Ihar mephadb fentei employshat t hey may

| eave inpurities on the wafer surfaces. An object, of the present invention
i s thus Kb pPHRAeEE céhegsfﬁ’?neﬁbﬂmwm@%%&e dii ShapaTes ATt ch i s

t hor ough, whj ANl ze 0 e ' LS N table for
use in a vartdg {/‘H%?hé%ugr'f g-(l:% %’X’E&%ﬁﬁ%ﬁg@@ﬂgﬁ@%g%p%@ﬁ%ﬁ ig’%rrmatry of

the | nventi oQagér iNteoducedcito & deabelSas Shé rifet TRAd d dlowiyt drigided. treating
and drying the surface of an object. According to the described nethod,

with a wet olljhedPApvapari displaces theveseding tnsk ywatgr ang @ondenses ooduced i nto

th | . The dryi d th f f the ahiect and
educes the S PHHECE SIGPRTInge MALeT BLHOAPoSRl, BiastEaMerongeni AN ng 't he

rest dual1Br o4 the Wéfr Surtdi¥shio the tiEedip RS whibroiif PElifingEN! et

processing o obj ect an sequent evacuation of process uid is
carried out iimdrhevafessel prior to introduction of the drying vapor. 30 -
5 6 My 2003 Brief Description,of the Drawings Fig. 1 is a sjide elevation
view of a wafer scNbBilaPrewding satigfacteny deying reshtsand I’%W‘F'F‘Sr”: A waf er

Pt et ol SPRPert BT AT 50 Refidh il (el RS o
improvement. For example, because this process relies in part on
20 the pulling (or surface tension) by the descending rinse fluid in the
process vessel, it is not adaptable to systems in which rinsing is
carried out in a separate vessel and then transferred into a drying
vessel. Moreover, the rate at which the deionized water is drained
from the vessel must be closely controlled to achieve full benefit of
25 the Marongoni effect.
In a cleaning and drying process described in U.S. 5,571,337
(Mohindra), wafers within a vessel are exposed to process chemicals
and subsequently rinsed in DI water to remove residual chemicals.
After rinsing, an IPA cleaning step is carried out which utilizes

30 Marongoni flow to remove remaining particles from the wafer

surface. This cleaning step involves directing an IPA vapor into the



drying systemin accordance with the present invention. Fig. 3is a flow
diagramillustrating exanpl es of procesg steps which nay be gmg,,i@@@ut
using the drying systens of Figs. 2 and 8 during an HF | ast fetch), rinse,
and dry process. 10 Fig. 4A is a cross-sectional front view of a drying
vessel in accordance with the present invention, together with a schematic
illustration of drying system conponents. Fig. 4B is a cross-sectional end
view of the degsslovhitethe Difrindegwatér islSlowlVidyaint@, ceeatingoMavongeispect i ve
view of the vessel, in which the Iid and dunp door conponents are not
shown. Fig. $low feamdhel watar suréagastintadhargcedingdinsg weterri g. 4A, showi ng

the lid in the clgsed sition, EiQ. 6.is.an e oded view of the drying
vessel “of i dseapsiingoteP i butihe. e sath e RpIRECIG: s wake resiedBRe drying
vessel Of Figs chferully Sonififiell 3R foviccd BYFhhas wicaty Rlsiduatel er
schematical |y sequen |aInI y 11 [ustrating the process of renobving rinse water

and condeBsegparfréietraway feorauthtawafafsurfecesabred rasultiemceliebrer wWaftrs25
respect to the first and second enbodi ments. Fig. 9A is a schematic

represent at i df asiditior fe mleaning mastekes fragst emsutthe Maronaent flew wi th the
(oot 20 oo TR PSR vohEeh A GRLHRR B b sg Bl o7 Vi ©
chemical storpg@ #RSWalfed] HBHEVMMWtkr dRbRIEtd RimanSIP IO wdten. 9A
surfaces at the end of the IPA step, and so hot nitrogen gas is
10 directed onto the wafers to evaporate the residual water droplets.
While this process is desirable in that it reduces IPA usage over
conventional drying processes, the residual water droplets are
problematic in that they may ieave impurities on the wafer surfaces.
An object of the present invention is thus to provide an
18" improved drying method and apparatus which is thorough, which
minimizes solvent usage, and which is highly adaptable for use in a

variety of surface preparation systems and processes.

Summary of the Invention

20 The present apparatus is a method and system for treating
and drying the surface of an object. According to the described
method, with a wet object positioned in a vessel, a drying vapor is
introduced into the vessel. The drying vapor condenses dn the
surface of the object and reduces the surface tension of the residual

25 process fluid, causing the residual process fluid to flow off of the
surface. In one embodiment, wet processing of the object and a
subsequent evacuation of process fluid is carried out in the vessel

prior to introduction of the drying vapor.

30



- 6 - 6 May 2003 Fig. 10 is a schematic representation of a chem cal
injection systemuseful in connection wWth the first and secegmghy 2003
enbodi ments, and particularly for use in dispensing a drying corpound into
dryi ng vapor generation chanber. 5 Detailed Description of the Draw ngs The
present invention is a vapor drying systemand nethod 10 that is highly
adaptable to use with various processing nethods. For exanple, the system
and net hod nBsiebPesadgtibarofdhgi Davaingse, in which case wet objects may be
transferred froma separate wet treatnent vessel into the vessel of the
dryi ng system AsF'mqo{)iﬁaa sideaplevationhdewest alwafer sebemajically syst em may be
used for surfac S5 sivati, rocesses that precede dryin such as
etch, ozone Pliuﬁg'@,%mgﬁg‘%ﬁ“%m3&‘&#6‘5'@5%é‘éafﬁééuffﬁcwgpg&/%&‘g&ﬁrﬁg, as wel |
as for the s j ng process. The system and nethod according to

t he present Fﬁ@@ﬂ#‘ﬁgﬁeﬁ " be described in the context of surface
preparati®n for 2@igedisarsthehtdtics tibsaitasionTdli s first etnbedinsentpoll poses of
illustration only and is not intended in a limting sense. The system and
net hod of t h@ryingsystemmincargosdance With the presant Apyentiadt. use on ot her

obj ects for V\/nichFa hégh Iﬁ:veld.of cle nlti ess is nFedﬁd. Examl es of such
ot her objects incl Re® ™Gt SIAEM I HE |r{gbe¥?rgpe6a e?roﬁegﬁlsa%sj 25
optical and teh Gy ' i I g .ofl tiggh | so be
noted that, a tE@urgﬁyrwgfcgéfieegg?% g%ﬁg tﬁg(rhyryﬁg&%?ﬁ%ngn@grgré?hgo@' 8t he system
and net hod ofduring au éifelast i(etchif rinse ased dopptaddss. for use in a variety of
applications, which may or may not include chem cal processi nrq and rinse

steps. 301t is alfdg Abtisviberass-sentionahiiant viewpbpdrvingamsselin  pa') is

identified herei th eferr dryi C nd/ vapar ilized in - 6
Vay 2003 ¢ ho degaradtics RCDHEL Bldeshn ot 0BHAR VAR pASMBAES, Lo wich
ot her dryi ng jnesPicH of \RPMgSsystenk Beiipodentevel oped in the future. Such
alternatives are considered to lie within the scope of the present

i nvention. Exanpl dsigi A8 isde coadseseqiidraml epdgdaincot thepduyinig vesséllaf | PA, as
wel | as net hane, ,HFE, other al cohols and ot her substances that are
substanti al | 39'9r 88 of pol ar organi ¢ conpounds, including argon and
nitrogenggStruct urg - Ak hgr&prqi i 0 tem
accor di ngjsto t he p‘% éé% Es?%lven |oﬁ§6?€%§}r&a ggqgéc%rgr%?lf icnalq‘flgﬁ/éﬂ?n Fig. 2.
Ceneral |y speghd i) andydirap) ddbri sirhpoRen® ddensst’ shiownessel 12, a noveabl e
lid 14, a drying vapor_generation chanber 16 renote fromthe vessel, a
cheni cal i nj ecti onFigerfpinanexpipdeghviexy afishe gnvingaasspet big- AA.conponent

70, and vario i i.nle ribed in greater detail below The
rinse/dry veséﬁ?\g’@ :ﬂieQggpc?g‘gs(gg?/%gg’é?hg)ﬁany si ze and shape suitable for
recei ving and procprfiags anhaiptdded viatiof aRE Wilig védsel 8f FIEeR] 12
preferably has an inner tank section 18 20 surrounded at its side, front
and rear Zzbal | s by &ig.olés Bheaxpleded sw Biahedid farcthewdryicly vessel of t ype
found on many_conyventional rinse tanks, allows processing fluids to cascade
over the vesshl 'Mi s during certain applications. An overflow drain 22 is

formed in the veir g, Ad 3 PLAELaR\ANiBhRidfeist { WatBfshohlifichipe of the

i nner 25 tank secti control's e opening an 0osing of the
drain 24. A sepguentialty dlusteRingthe/plotessbidetholangl ringe Whter@indi nage. A
condenser 32 is provided for condensi ng exhausted [ PA into a di sposable
farm A sour ceoptenseddPAlfuonh the surfaceiofithe owafer @8 descaibedngidhf | ui d 30

t he base of the ves 12 Teocﬁ stem may be provided with a

inlet 36 ] el
filter fo#gfi respecigo the P‘fﬁs@‘fﬁﬁ?‘lf‘%@? Stowards the vessel, ' 8

6 May 2003 Fig. 9A is a schematic representation of a chemical injection
system useful in connection with the first and second embodiments,
the figure includes a front elevation view of the chemical storage
vessel.

30 Fig. 9B is a side elevation view of the chemical storage vessel

of the chemical injection system of Fig. 9A.



al t hough many fabrication facilities cone equi pped with separate filtering
systems that yield rinse fluid of the gppropriate |evel of pgmhg%moguring
use, rinse water flows into the vessel, passes through the vess€el and
cascades over the interior vessel wails to the 5 overflow weir 20. The
rinse fluid exits the weir via drain 22 for disposal. Lid 14 is forned of a
top wall 40 and four side walls 42 descending fromthe top wall 44 to form
a bottonl ess encl Bigurk0 isThechematié represarmatiba dfya shemibedliinjesyishem 44
between a | owered 10 position and an el evated position. In the | owered

posi tion, si 8¢siem |u§eg,ﬂ ircopngction yithdhefirst aod segardserabpdimantsand make
seal i ng cont ac;t:I W L.h |t r\e ft ank bots(@oné while,the top wall 4% extends across
t he openi ng ZRARAUEYRTYOf HESJRAMENSRR A ?‘M‘W%°P8§Hé’r“é‘6’ e ¥l 1 40
preferably ”@Eéﬁrpﬁﬁé&ﬁﬂmQQﬂﬁﬁB&L“‘th the sidewalls form ng the 15 vesse
interior and oVerflow weir sectrons. This arrangenent prevents vapors from
escapi ng 8romthe vessel during processing, and it al so prevents any gases
or particulate matter that nmay be in the surroundi ng environnment from
passing into the vessel. In the elevated position, the Iid 14 is spaced
fromthe vessel 20 12 by a sufficient distance to allow wafers Won a wafer
cassette 46 to be lowered into and renoved fromthe vessel 12. Robotics

system 44 mbg{gug@m‘&%k‘bﬁgn% hRMSrdvidgsl d 14 along a vertical axis
bet ween the owered and ral Sed posititons. It may alternatively be
configured for nulThe prasentrinvaritn, issa vapot dryingisyistemt drel methad above and

to one side of the vessel opening for novenent of wafers into and out of
the vesstP. Abahjs highie adaptable 10 usenwith various grocessing Methodfat EPral t hat

< Torther _edopbRa e AvaER AR T0bER Bhe Aol iaBRIR Lo 1 <
40, 42 al an GheyRbdsh WA oy A% Wohblere sioRs usseptbrite @geat er det

with respect to f=ig. 2, heating t is beneficial in -9 6 May 2003

that it m ni nireasmentyvessel intortheovebset af itba drvinghsydteoh. Asdandthsr | eaves

nore of the drying vapor avail ahl e .for condensing.on the_cool  wafer
surf aces. Thi%xadpg@v\éﬁﬁr‘ﬂﬁsﬁé Qfﬁaﬁed%'asiscyat%tma iREGUSEA Ol $HIFR%R | PA or

ot her dryigng z?@efs I ng.{(gqs : ncelyved of for
heat i ng %‘r?e I?%s\{ e°“s§£ emg%%t}hét Bse ue%‘@ﬁﬁ@ﬁ?ﬁﬁggﬁg (rge r?’egs upon a
system of heatihsg, s Denrinseqiroedsssd use imovafel psodkdssinty,. ad well 4w tdrer red

system these heating elenents are fluid conduits 48 coupled to a source 50
of hot fl uid, theigubesauastdswingeP®§es8d water. The heated 10 fluid is

circul ated through-{he conduits in the walls 40 .42 i wal | s and

keepi ng t hem at anTbPeV§?%'§ ?réi&erqg?aréec\%%\xﬂ'inghtq Ehe_ppreefggﬁggp\&it&%ect ed to be
above the tenpgandeldesciibeldia thensehtbktiioll susRiel Prepafttiorf fr Waf ers) .

Natural ly, the specific arrangenent of the conduits 48 within the walls 40,
42 is not2Qri seodtqnductbosybstsatdse Thisasrdonge fompurpesesl of ittissratiorti r cul at e

the heated i

R RN I NN A TN
Lo T U B BB el B S LR 1, R Sy ) L
used to introdgfwhieRd Righnevell dEcianliféss H186&ddd) Ekamples of such
other objects include, but are not limited to flat panel displays,
25 optical and magnetic recording disks, and photomasks. It should aiso
be noted that, although referred to as a “drying system and method”
the system and method of the present invention are adaptable for
use in a variety of applications, which may or may not include
chemical processing and rinse steps.
30 It is also noteworthy that, while isopropyl alcohol ("IPA") is

identified herein as the preferred drying compound/vapor utilized in



provide the N2 gas uséd to purge the vessel of air so as to prevent

oxi dation of wafers inside the vessel, -as well as the dryi ng g é®3used to
effect drying. In one enbodi nent of the present invention, drying 1s
carried 25 out using an initial I PA step in which I PA vapor is carried into
the vessel by heated N2 gas. The I PA step is followed by the step of

I ntroduci ng heated N2 into the vessel to volatilize condensed | PA renaini ng

on t he waf er theapgsteas,sthict gresdiveinv2ntisadsfezjudiigtduitabie ésrease svitteat ed by an
N2 heater 52, which receives the nitrogen 30 froman N2 source 54. Pl unbing
i s provi ded ptherfdryifichgompeundaivaporp nom knewen ppaevelapsdrinthewhen needed

f he N2/ | dryj .- 10 - 6. 200 daqr flow he h d
2 i ety [ RO Bt R cnnbulet o Mg sl o g

. Val I '
:Eglrot ed:fj1 \éﬁdé\eea \l;(lg(?ﬂé‘%ed;ﬂforﬁ.l gg?ﬂ%n%%%gﬁﬁﬁmggPtﬁrﬁﬁyﬁrﬁwsznvessel

via the Wypatike fPApaswell as \Miethaope HRE, atheNalcbRbloand eithgal ve 59 al | ows
N2/ 1PA to flow fromthe chanber 16 into the vessel 12. | PA chanber 16 is

pref erabl y afubstancesbet aregubsigntiplly iftge ef aplarrgariceedmppyndsr having a

bottomwal | 60 ,apd a heatin | enent 61 adjacent to the bottomwall 61 for
heating the g’b‘i‘&'@"ﬁﬁﬁﬁﬁ“@ﬂﬁﬁ%‘-use, a pre-neasured quantity of liquid

| PAis fed fromIPA reservoir 62 onto the bottomwall of chanber 16. A
source of roomtenperature N2 66 is connected to Iid 14 and is configured
to all ow gas fromStnuctuee 6First Embrodintens t he vessel via inlets 51. 15 If

t he syst Is to be utilized for chem cal processes such as cl eaning and/or
et chi ng,'?&t may f PRhembadiment o asystem aceording 1p the a5eseRthg corponent 68

whi ch nmeasur )CEesS. 1.C -1 4 . md nt h Mmat er stream
whi ch carri egﬁY%{et?ﬁr??\ %lﬁggrg}seeqag%%%b%i?i? f%nrf | reg?ﬁ\ﬁggggf'\ﬁght

system 10 includes a rinse/dry vessel 12, a moveable lid 14, a

drying vapor generation chamber 16 remote from the vessel, a

chemical injection component 68, an exhaust and reclamation

15 component 70, and various drains and inlets described in greater

detail below.

The rinse/dry vessel 12 is a process vessel of any size and
shape suitable for receiving and processing a batch of semiconductor
wafers. Vessel 12 preferably has an inner tank section 18

20 surrounded at its side, front and rear walls by an overflow weir 20.
The weir 20, which is of a type found on many conventional rinse
tanks, allows processing fluids to cascade over the vessel walls
during certain applications. An overflow drain 22 is formed in the
weir 20, and a process drain 24 is formed in the base of the inner

25 tank section 16. Valve 26 controls the opening and closing of the
drain 24. A separate drain 28 and valve 30 are used for IPA
drainage. A condenser 32 is provided for condensing exhausted IPA
into a disposable form.

A source of rinse fluid 34 is fluidly coupled to a rinse fluid

30 inlet 36 in the base of the vessel 12. The system may be provided

with a filter for filtering the rinse fluid as it flows towards the vessel,



The systemof Fig. 2 is adaptable for use in a variety of applications,

i ncl udi ng t hose which involve chem cal- grocessing and rinse ?W(?@?”i ed
out within or external to the vessel 12. Fig. 3 is a 25 sinplitre | ow
diagramillustrating one use of the drying systemof Fig. 2, in which
surface oxidation is renoved using an HF/ HCl etch, and in which the wafers
are subsequently rinsed, and dried. |PA vapor generation is preferably
carried out althowgh saany fahriaptiorofadilitéepcomesequipped iwitlaisgparatat prior to

h ~Which 30 th f ady, f drvyi , 00. I PA

D e ot b e o . o RO 6P0D gl /20"
f - 11- : I L ' ich i

O oy roBBTEY RO LB AU A3 Wty SHRRDE oty 1

tenmperature ghielessdland eascddeanovdtetHintéridt sdsat wadils! foAtHenhi ch is 82.4 C
at 1 atnosphere). Heating the I PA increases the rate at which |IPA vapor 5

i s gener & edoxadlawiweis2bdl he sinshdlyid axdtssthecweirt viaglraind23sfer | PA vapor
cl oud. The process, preferably begins with Iid 14 positioned away fromthe
opening in t AERPS85el | and with heated DI circulating within fluid conduits

48 1o heat the waild 140 thomli 418 thblubf 4 LAHFELALMESRAs W3l Wi I |

pronot e | PA vapor condensation on t er surfaces rather than on the

lid. DI flowdestendihg fremsttle top wilk 40ttedforiha botrimless fessiesire, (f or
exanple, HF and HCl) are sinultaneously injected into the DI streamas it
flows into tHdeldddis meveable byhe rpbotis system 44 betweenos lawerechavi ng t he

desired ncentration., St 204, 15, A wafer, cassette 46.(Fiqg., 2 arryin
et or o V0L ERidRin, 8 4 Ruatad oafitian) It the RRGRtGRoS N WSite Vel 0Tt 7.
Step 204. Li | ot { Lol v, vessel
(sugh as thed"p%gﬁerngqnﬁg gﬁwﬁ%rﬁ}g@n%%gdggg q?'lr&cs)'?n%gg?o&ua? @g ('Eé)gtt ?ﬁ‘ui ch may,
but need not weith thhetaakrbotaems auhite tihe top walhd0cskteads iacrosd ttee 20 vessel

via inlets 50 to_ purge the systemof air. The wafers remain inmersed in the
process chemRgNNg gk the Jpa-afcther vesaal. Wharotilyrloyyersd dhefopgwall A9 conpl et e

etching. Ste { end,: | r LIS .ui 4, i.s punped
into the vesg%'%?%b&t Qa{ﬁ%&{é@&é,& %°H§‘a§g§‘_r’§5'§§'ié Igﬂ{egv %Iﬂsfocgbhﬁéﬁg% weir 20 and
25 out the owedddepiiteiiat BndovePtB Wdir sbétighs. 0T afrbR§ement desi red, the
waf ers are next rinsed using ozonated DI water. Step 212. This may be

carri ed out bygreventevaporsofromeesecapingnfzom thecvesstel duving prosepsingt e inlet in

the vessel 12 t, into the DI stream using .chem cal  di gpensi ng conponent
68. Aftor t nctRSU-RISPIATEUSNtS Ay GRSPF RERRltS ate MAtheled At dRay By | ci ent

o e R BOKGHG rSt Hotio tRevata, Step 214, afte
In the elevated position, the lid 14 is spaced from the vessel
20 12 by a sufficient distance to allow wafers W on a wafer cassette
46 to be lowered into and removed from the vessel 12. Robotics
system 44 may be configured to move the lid 14 along a vertical
axis between the lowered and raised positions. It may alternatively
be configured for multi-axis movement, so as to position the lid
25 above and to one side of the vessel opening for movement of wafers
into and out of the vessel.
As with the vessel 12, the lid 14 is formed of a material that
is inert to the process chemicals that will be used in the system.
The lid is further equipped with a heating system that maintains the

30 lid walls 40, 42 at an elevated temperature. As will be discussed in -

greater detail with respect to Fig. 2, heating the lid is beneficial in



24 is opened to quickly drain the rinse fluid fromthe vessel 1"quick
dunp"). Step 216. Wiile the rinse water@is being di scharged, ol sy 3dos i s
noved by robotics system44 into its |owered position within the vessel.
Preferably, N2 gas from anbient tenperature source 66 5 fl ows out of
inlets) 51 as the lid is lowered in order to maintain the purged
environment within the vessel. As discussed, generation of |PA vapor is
initiated withatit mieinizes eevinaerapos eandepsation ian thalidsand thust |y bef or e

the drying s val ve briefl erm tting heated N2 gas to
(11 the 10 teﬁﬁﬁworfeofs et anvina Sppbe aVaREe BE rBarknRe SR 4% R8I a1 il y
| ower ed, vaI U n svidietd ated diR Usid % the | PA vapor
into the vess St§a8é2€8q%59?gwtypycrgqe ? hot négpor %e | PA vapor
condenses onm.hmmcﬂflﬂkh&m}sewurtyimg\/ebmnitl comes into contact. Because
the lid' s 15 walls are heated, the hot |PA vapor condenses on the

rel ativel§ cool whiaturayy manys sysiems mayahe eancavedi of tasiheatingtthehoul d be
appr eci at edwégat t hi s use ,of condensat.i on on the

D ecl 2t B R ttE SOl TR R b BBl 6= FRBRT SRR A e
due to Condeﬁ$%hﬁﬁg@er\ﬁ%ﬁ§§bnﬁiérdfd%@‘?|ﬁ theOwall§ 4GANPS. @ﬁ%dﬁaﬁ@f%e@n the

waf ers, breaking thé surface tension of water on the wafers and thus
sheari ng t he systene, tMserhéatmg eleenemttareSiuid aomduitst 48 lveupled faf at he | PA
drying step, valve_59 is closed, and bypass valve 58 is o%pned causi ng

heat ed N2 t o SPHERR BP rafchot fluig, éUEB qmae@@sﬂs@longﬁéwzw thesheated be not ed

veasel  10andt FEfredefed aibudr de fondid o iR AQ RS plbo R | (2 e
dryi ng duri nghtRalIsSase keEBﬁmd”'ﬂ?érﬁ%t%ﬁeRﬂ%&i ]pbhﬁuﬂaf WhiEhsocess by
vol atilizing condensed | PA'that remains on the warer and cassette surfaces.

30 The heat eprbfergbly selectedstd he abondehh&ettnhﬁykatl;reewfaﬂwmse)ﬂumd exhaust s
the | PA through | PA_drain 28 into condeE - 6 May 2003
Condenser 32 fonrdase the waigrsly Natyrg Ydtheoﬁm@ﬂptaamr\swnto?fsws

Af t ervar ds, ldcq\c%flts' £8 WAty ﬁ%’&‘v.}f%\’lo rﬁ’"&t‘ié n%¥%ﬁ?ag:‘seop %z‘wﬁ%é ully dri ed

waf ers and cassette are renoved 'he”vessel ~di scussed,

the syst @@ lOarrsnginwémt isf adequidtertopginnastethe Beated liquifahraugiities, the
system 10 may be utilized as a conponent of a |arger systemin which wafers
are processedwaliglin an@éanehv&lefwaalat@neébgefvall$at Oaﬂbap@rtbﬁld?ﬁlféﬂ t hat

type, use of the stem 10 .10 m ust. aft iy wth
wt vl or s bel RYSTERVIETORETARIS - A8 SnIBer SubHsvEy e T e i Rodieel S o
216, 218, 220p %%atedA‘ﬁltP&f’éﬂ@fre@mhﬁ) tH@buBEsSIoN thEligaces it may be
desirable to s ip the HF Tast step and to use the systemto carry out an

ozone rinse/rinse/ tlop walbdésof tise bgss :am;pmmananemsno@mletsm An 15

ozone rinse produces a h drophjlic surface o reas the HF
Iast procis Hat (ePoslunsarors T R iaBsE:  Taéed S The aryi ng

process descr| P&ﬁd@% 'Nl éés ngﬁftggdlﬂh 'tﬂetJb%Eﬁl érop#‘(ﬁag\%l 6&@% dl ess of

whet her the sur ace”1s a Irrc or ucture -

Second Enbodi BRitatiohost mﬂafeitshrn@wwe vessEl] Bovpelpas ehetflyingbasporent of a
drying systemutilizing concepts in accordance with the present invention.

The second enbsed tereffect divind.ar to the first enbodi ment, and 25 differs
fromthe first enb di nent BI’I]’TB.I’HéEIn the structure and,use of the |id.

Referring to Figs. Qlﬂnérﬁf“ pdirpent Qb ihe, prespddnkention ndving & gariedsel 112
oL o AR BRI G0 TESEP A0S REEHRI® B "
vessel by heated N2 gas. The IPA step is followed by the step of
introducing heated N: into the vessel to volatilize condensed IPA
remaining on the wafers and cassette. The N2 used for both
purposes is heated by an N2 heater 52, which receives the nitrogen
30 from an N2 source 54. Plumbing is provided for flowing the heated

N2 into the IPA chamber 16 when needed for the N2/IPA drying step,



30 seal the interior of the vessel fromthe external environnent. Vessel

- 14 - 6 May 2003 112 and lid 114 are-.figgoed of material s, SLé)Ma?§O€VDF or
PFA, which are inert to chem cals used in the process environnment. vessel
havi ng the general characteristics of vessel 112 is the Dynaflow t" rinse
tank available from SCP d obal Technologies, 5 Boise |ID. Vessel 112 is
preferably formed of an inner tank section 118 surrounded at its side,
front and reandvalr flowingtheokeateidoMz directly 10td the vessehivtierpneedastes

requiring prqocess or rinse fluids to, cascade er the vessel walls. Its

wal |'s are prdPethgeecendy B?%"&ga!ﬁb Vﬂ'TﬂeF'FeR-ok/Oa&fgﬁé qei‘GW%ﬁﬁifm"‘éénﬁq ui d
accunul ati on e i i r : rface

angl ed from tt ﬂg Iﬁgr?tg%ﬁ? g{ tégeﬁbp Béé%crﬁaﬁag{bg '%Itnovy ag\?e %%lgina?'gmrds a
drain 122 pogionitls N2aHoRNGiréstfy Ritotthe V&isel ¥Dthebpsubeasiuiviigg. fill sensor
(not shown) may be located within the vessel for use in confirmng that
liquid | evel Whenopertdth amNelPAaoutiatalve &% alldws NPyt figiv frontonpl et el y
15 immerse th V\(ﬁ{ﬁers duyr.i.ng use. Pl r,gélities of fluid inlets 136 are
spaced | ongi tthgishambenAB inke theyvessel bAg the vessel bottom A fluid line
134 connects a deigni la &0 Vi, e inlets.
Fluid flow ng tromfl éﬁgnﬁ%tﬁg61%4&{3(;?@%&1\%&%‘%%ﬁégé%%regg{sigﬁitdzaé@t he
cavities, 20 gtaniédd seedl thahier R8¢ aebditohtwalicB0 ahdaBéating et s 136 into
vessel 112. The bottomwall of inner tank 118 preferably includes bevel ed
si de sect i onselemesitdwh adjaceng toghethotpemnwad &hifeoheatingithe bovem hr ough t he

vessel fraominlets.136. As described with res ec{ .tQq tp Ji rat enbodi nent ,

o cheni cab 2awalls RUERE giseo ARameasurad Anantleot Layid PR isitad fom 134 to

al | ow pr ocesslwgég'zég%ﬁ E??olﬂ?oitﬂ.b%trf'&giﬂkﬁ ditdhaib t«{ am when needed. An
I's Torned 1 n the

el ongate opening 1 ottomwatt o e inner tank section

118. Qpeni ng 123 eat stwieel o@on denperature MNWE6He conhbctedwal lid idom an ar ea
adj acent to the front of the tank to an 30 area adjacent to the back of the
tank. A dunp aodis configused te sovpeas Aprmamureg G&J{Q)ﬂﬁw intel§he vessel
assenbly 126 con iqlfgs - 15 - 6 May 2003 novenent of the dunp door 124
away from opeman'%‘ei !'o qui ckly enpty inner section 1 18, and further
control s y@pvenent of 1ligPspRis 1 Helfilecdo? dHephieBEHoREsdet3siich k§-seal the
tank. A sensor of a type conventionally used wth dunp door assenblies may
be 5 provi dedcteanineg iahg/emhetchidg it mnay dodhehbs greexedpritbch chemsicaded i n
accordance with instructions fro thlg‘a, F‘ystem controller,. V\hep Og ned, the
gegédY £ S8

dunp door per FISRENSING LOMRANeAt dpagswrrearﬂrpﬁ%swé'%%!cg a catch
basin 72 beneﬂlij%{él‘ﬁéﬁZﬁ% the BR @Xﬁﬁég}éﬂﬁ{ ﬂgﬁa? 28R 'lﬁg%és‘iﬁl]a”at I on

conponent that es a waste I"aws fromf catch basin
to an acid r Wfd&ste site within the foundry. A separate |PA disposal outl et
128 is positioned in an upper region of the discharge tank 72. During use,
| PA vaporé®s exhausted (by N2 gas flowing frominlet 150, through dunp

opening 123 and intQ the.cateh el ,.72) .through outlet 128 15 to a
condenser 132 V\/nereap?’q%@%bﬁﬁﬁﬁgs@%me&tsposal. The conponents of the

system used to generpé @yNperfiast BBY 20keYaduhtBROfor 'l ie] LGty dnto the

d
vessel are simlar to tHose desc?i' 833 above with reference to the first
enbodi nent ancapplicabiensyindludioy thosdewhidhonohgachemided peocessimpands are
| abeled in Fig, 20 4A using nunbering that is consistent with their
counterparts dJibhstapsearied out witie oriextenal ko theyvesselst2.c i d ieat .

rd 114, e8cn direR BB Etrertn hdsirefioBire e 2 Mo inE REMR £ hount od
to the stage OFigObNGR \FHIICEGrESEd BXidHtion is removed using an HF/HCI etch,
and in which the wafers are subsequently rinsed, and dried.
IPA vapor generation is preferably carried out in the early
stages of the process, but in any event prior to the moment at which
30 the wafers are ready for drying. Step 200. IPA vapor is created

within the IPA chamber 16 by injecting a pre-measured quantity of



25 (not shown) used to hold the vessel in a process platform Cylinders 117
are operative with arns 116 to pivot Jid between opened d
positions. Wien in the cl osed position?qlid seal s agai nst a ?ﬁgﬁg%R%€9
nount ed on vessel 112 to prevent migration of funmes fromthe vessel and to
further prevent particles fromthe surrounding 30 environnment fromentering
the vessel during use. To optim ze sealing between the Iid and the fl ange,
one or nore $RAllyUIR dbntdisgrface-606f chamey, RAIch & héatedesly bkatingui t abl e
sealing material such as Teflon or Chenraz, are positioned on lid 114

and/ or fl angéelement &1 i The AGA is heatadkpnasurfane 6@ dotateraperatdre1 14 and

rovides the in]et, throu whi ¢ as., an v.apor. t fhe,vessel. Lid
214 5is proP8 a%\’pﬁsﬁgﬁ??(ﬁ‘%?’ﬁ '"Hﬁ%?'“ngA%FQM ii’%gﬁm’&f S\A?htoil gas/ vapor
into the ve t . i L Ry e Ri
i ol di ng. o OB Refs HEBURE g AT ECalE} th raticet BN IPAVEROL, un, 11 ¢
114 i s fobneds genardted dnchtiusleXpediteddibe prlozess lardating ddehsenipAate 174.

Formed in the underside of the top plate 170 1 O are a pair of grooves 176
(see al so Fi ¢/absaclowht intersect to forman X-shaped pattern. Fitting 150

is fluidl I h f.er abl hei r. | [ i nt,
Lo direct gas/ vapol bRESTTY RATTABlY PRINP PG 14Eeltards 8BRS, “Bot tom
plate 174 hasygmsig Sﬂéﬂf\g%%lé%sﬂ@’ﬁnﬁmitﬁ%éétéd1‘5’! éiFtRﬂétiﬁ@Wi@ﬁiﬁ- In one

enbodi ment, the grooves 1nclude three |ongitudinal grooves 178 and a pair
of lateral grifuidesondifits 48rtgitiaatithalwallod0ed21dBtize lid itoreetempeétatarepl ural ity
of small holes which are the entry points for N2 and | PA vapor flow ng from

the I'id 194 ithas willerremete IPA vapor condansationpmthe wafer sugages ched

i ddr el at e E08F e ol WeliE LB ré@inimafe (ReRfRBRRET wieAn, 28 g0
of the upper eméhicii®lfdr!afiple! RIFCAAE HOMBAS sintUlEarbUBRIRIEStEd Ghtd he

pl ates creates a pair of channels (intersecting to forman X-shape) between
25 the top antheDddtreaph asdt flomsdindodhearessel; ite fillothecvasset Mdtthahween t he

m ddl e and | ower plates., M ddl e p] aje,includes throyghh s 182 that extend
between its ufpt E%IH&OF‘CR%Y"‘QGPP&J@ég.edeHﬁS‘PBS #%P gbgvi de a path

t hr ough { ch N2 gas i " f ; 0
system through thg\ ﬁgf ggﬁﬁégt?ée),a%a(ﬁo&;/%)t% t @B?fg?f%%%@?%ﬁﬁ%ﬁ%ﬁﬂ%m med
bet ween | ower tiv eesgirarny positiotBed diDthe wafér supfoVy7.2@&18p BO4.atid it at e

di stribution of N2 and | PA vapor through lid 1 14, throughholes 182 may be
al i gned with tldeisterit mevedrintoa pasitioncsuspendsad ahovathe ¥esspldsyel’ of the

t | at d with the.int f i bet | ongi tudi nal ,ch |
178 Bnd 1 ater &5 DRAGEERBEWET i, Pk, F gBE W h ppER S8 BMGt 02! ©
gas/ vapor fl| owgay b@t88ed inok i) tA&@anil 8s lsbarce Shﬁpﬁﬁttm@' iitd eheed

between the top and mddle plates, then through throughholes 182 into the
syst em of 2@havesssl Vierintets 5 te purgatharsvsties afiditot t om pl ates. U timtel y,

t he gas/vapor flo into the vessel through the snall eni formed in 10
the Pongi & udi nal - gr Hof METeED remalsy ITuBEts ot T PIRCesE SNPEVERS 10F Bni cal | v
coupled to th i j . I 61%&%%' } i|jLction
conmponent 68 j)r{% ﬁ%%ﬁ%ﬁégr'%ﬁ@é@ﬁgﬁa sensorﬁsé éﬁgﬁﬁg%ﬁ%‘f hgjf) eration
of the system2@BNtAPINEENd%t the dtERPRIOWE Girlse TuaUas pusqpdd iltoahd timng 15
of these conponents to automatically open and cl ose the val ves, activate
the lid and dugssebd2 viaridletedfiyl andcaseadesf intd thelovarftbwaweir 2Q endi n
accordancg wth a proce reci pe.appropriate for the treatnent, process

bei ng car EPed Bk HGOESRIGWITaN 251 (a8Re2] Or fia 920ith [oSE It Sosir

i cr 0pr ocessoryoplald So ANA KAl PULGTRIRR B vrbRE! ISHRCE12 ! Mihig BOI SE.

| D. However, any sul process con conmputer can be I't.’shoul d
be noted that wfay Isé eatrdebat byun]elcﬁagt@;.tdmeimé Re ¢k rWhterTvigad associ at ed

conponents is not represented in the drawings only for reasons of clarity.
separate inlet in the vessel 12, or into the DI stream using chemical
dispensing component 68. After the ozone rinse, pure DI rinsing
30 continues for a sufficient period of time to thoroughly rinse the

wafers and cassette, Step 214, after which time the process drain



A chem cal injection system 300 useful as the chem cal 25 injection
conponent 68 for the systemof.the fif4R and second enbodi Megikyyi hoghown in
Figs. 9A and 9B. Chemical injection system300 is a desirable or¥e I'n that

it permts precise nmeasurenent of process chemicals despite the variations
in pressure that are inherent to the bul k chem cal supplies typically used
at foundries. 30 Timng and control of the various valves utilized by the

chemcal - 2fgis-ogenagytopgeigkinfeain ithe rinsst Buid; isogothsr veaseby“qtiskess
controller 184 or,by.a r .cqoptroller. Referring,.tqQ Fig, 9A, chem cal
i nj ection sySHEM éo)cgs'ﬁeﬁif ﬁ&?"@"&&gm%ﬁe ‘ﬁaé?%ﬁgb?}lgggjé?cqﬁlgg‘ébﬁ led to a
bul k chem cal 1%%3@@;};38%6@% Slte! 24388 Yt%slée\}erﬁg‘ﬂo'éﬂ?o% iffthn chanber

306 and a side c ending fromthe nmain chanber. The interiors

of the main ahed wisgel. chfoably,aNe gasifrdrauabiant ttbrpeeatunetsotirce BB addi ti on,
a fluid line 310 extends between the main and side chanbers. A liquid |evel

sensor 319 i §loyesiout @idalet(s) Binas she lidds Joweredin ordarcio maintain e i ne 310

and to provide feedback con erﬁbng the liquid | evel to systemcontroller
184 (Fig. 4Apurdedgnvirgpment Withrihe ¥esselai| of the primary vessel. A

di spense vessel 31Rs uicrAUBd Chod@aBBRBLPA SBALARSNHERSE withih fe | i ne 318,

whi ch includes reduced flow o Ice 320. A valve 15 322 is positioned

downst r eam oflPgv ctharabeB26, ealydinatHa ptocess] Ghiostly ibeéordlthef dnyihee stemwnst r eam
of valve 322. A valve 324 governs flow of DI water from Dl source 326 into
vessel 316. AfplveiBiteis briafly gpened: kermitting hegted digastestibithg16 and

el udes 18, likhnBEP BT RRch SR Yetadl U8 B BB G S| 20,°505°"
(i.e. once vahwrrddOvhRe B8 opBREGISaudingitfie HYa188 INSR‘caPprREIPACUL | et
line 328 with an upper
vapor into the vessel. Step 218.
As is typical of hot vapors, the IPA vapor condenses on the
cool surfaces with which it comes into contact. Because the lid's

15 walls are heated, the hot IPA vapor condenses on the relatively cool
wafer surfaces rather than on the lid walls. It should be appreciated
that this use of heated walls to promote condensation on the wafers
allows IPA usage to be minimized, since there is little IPA “wasted”
due to condensation on vessel surfaces.

20 The vapor condenses on the wafers, breaking the surface
tension of water on the wafers and thus shearing the rinse water
from the wafer surfaces.

At the end of the IPA drying step, valve 59 is closed, and
bypass valve 58 is opened, causing heated N2 to flow directly into

25 the vessel. Step 220. It should be noted that additional gas inlets
51a (Fig. 2) may be positioned within the vessel 12 and oriented to
direct the gas onto the cassette to facilitate drying during this step.
The heated gas completes the drying process by volatilizing
condensed IPA that remains on the wafer and cassette surfaces.

30 The heated N2 gas removes the condensed IPA by evaporation

and exhausts the IPA through IPA drain 28 into condenser 32.



section of vessel 316. Further downstream of side branch 334 is a

di spensing line 338 fluidly coupled wit®-the vessel 112. 25 ghereqgse four
general steps involved during operation of chemical injection S)ygzt em 300.
The first is the bulk fill step, in which chem cal storage vessel 302 is
filled wth chem cal frombul k supply 304. The second is tined secondary
fill step, in which the anount of chem cal needed to treat a batch of

waf ers is pa€eadefiserd3coodensesathesiRA age Uauiddiorgosuitable ferspense vessel
316. The secondary fill step is acconplished by opening valve 322 for a
period - 19'SPogakmy 2003 of tine predeternmined to cause the desired

vol ure to be di sPagasd L oy 1558 withArayisylrontilceeeyiidnd 340ngped to al low

the chem cal from vesse into 1 ne Iscussed in detail,

this step isthé By dAgd vaferd bAd TascarerardIeniovedefrofyy théeesgelur acy of the
secondary fill step. Finally, a dispensing step is carried out in which the
chemical %s &epi2&2.fromline 338 into the process tank by a D stream

i i nt d through | 316. The.bul k fill st is typicall
Carri 60 out when ARLOFENERTEL ghe ystom 1 niesiul b P piskashBuos )
d dt ' 1Y . I i | t
vesser sz andeB, FRFEERTPIEINE Systell 16 fay b¥Puled ey ¥eoPpeheRt 8T e

0 causli ng chem ca
bul k supply ialapgerasfstem3fdvhih) waf&rer areaproeessed ahd riysddein aemai n cl osed
t hroughout the bulk fill step. 15 Fill sensor 312 is configured to provide

f eedback to ceparatevesseilB4Fonan operatipn Ritthehtyne, ise phite systerAdf cal

st or age ssel, has.reached,a predeterm ned | evel . The .|evel w ||
preferab?@ bé’“g@i‘&i&ﬁ!@'blt{sg a&ﬂ?’%@?dﬁ?ﬁf PRSI WY w@Fe'@ngﬂpge{PV\f?g %ed to
treat a predghed Md'G f Li5tBEs PR 276 V218¢l2 1 2228020nce fil |
sensor 312 detg(f:& tﬁ%étwgﬁzgn?rgtgrlyng{ or agggvessel 302 has been filled to the
desired vol unks anativer SGinple, ¢droseatainNaxfacesitvaag biz desiogldadad skipi niti ate

the secondary fill step into vessel 316. The systemallows an accurate fill
of vessel 316theyHRdastFepand Heuse the systelRitorCarRy Pt LOIRAE heen opened.

For exanple, the 25 f)]ow rate of e t e C pt kes four
mnutes to diéB%?(ggfs?/(%y Rfo??ﬁ_so #}eg)svgi?(eﬁmﬁ?ﬁ %}%nggi\/(ga%%% réé@ been
opened fam t hgzéeslHhES Prébilicts # hydidphific GuPERE, ort igs Pafehalntiengad | Ui d fl ow
into vessel 316. Reduced flow orifice 320 causes fluids dispensed into

di spense vessthe BFdasbprdoeas slesatibed aboye produgesrachyddpheabith | evel of

accuracy dur ! ggrf%@&. SI‘?\%Ocri]r%?rq pf't')clzelssséees%rl %d herein is beneficial in that it

works well regardless of whether the wafer surface is a hydrophilic
or hydrophobic.
20
Structure - Second Embodiment
Figs. 4A through 7 illustrate a second embodiment of a drying
system utilizing concep';s in accordance with the present invention.
The second embodiment is similar to the first embodiment, and
25 differs from the first embodiment primarily in the structure and use
of the lid.
Referring to Figs. 4A and 4B, the se_cond embodiment includes
a vessel 112 of any size and shape suitable for receiving and
processing a batch of semiconductor wafers, and a lid 114 used to

30 seal the interior of the vessel from the external environment. Vessel



the effect of the split second del ay between issuance of the "cl ose" - 20
- 6 May 2003 control signal to valve 3224and the actual cl osi ﬁ' o% é:ge
valve. . It 'should be noted that the systemis useful for apé; A¥ ? ns in
whi ch successive runs of the systemrequire different di spense vol unes.
Sinply changing the anount of tine for which valve 322 will be 5 opened
during the secondary fill step can change the volune of chemcal that wll
be di spensed.1¥2 wad ldlld aeztdimnedetmaledalsd sueh|aseP 8RB ardPieened to
permt chemcal,to flow fromdi spense vessel 316 into di spense pl umbing
Bl i ch | SYBicty aieDeyt 1 FREARIB et D BIoReEh ERUERRENL o spense
vol unme. Once line i fa, 14 fadi cati ng
that vessel 316 hag?\%este%%'sEgﬁg‘peﬁﬁogéﬁ%aaééggégﬁeﬁg %%?gsnﬁl e1g1izsit§ers t he
tinme | apsed bpeOPAafib® BRGNS availabie #doh HTP Gisbdl Meehnoldjiés,of sensor
336, which is the anount of tine taken to enpty vessel 316. The neasured
time i s cbnpaBeigedD.t Wessels! 13 is pretasablyiormedsefanl innerttaok Spetiend s

ft ti to, t t of ti that it should take f th
dosi 1 e o spehi8 RuRe LR B Bent 318 oRC aAIER R st TAEE wii ci

Fluid wiil 71 eyoldpMbeRifl pr%%egfess{%@ﬁiri?ﬁbﬁﬁobésggpﬁngé‘ fRAdieEo L0 verify the

initial tinme dispense into vesse e conparison reveals a possible

error 20 in’tésscatiRuovercthechesset alallk.s penwealls are pesfierdbiysemated are taken
before wafers are transferred into vessel 112. Such renedi al nmeasures may

i ncl ude di sposliong Wein tap edaes taminimize Huid egupeulabon afdthepdags.ng t he
secondar il],,st hortl.y. afterwards en it is .ti t p_di spepse

chen ca tht o W 0 a8 ey hidhisr BaRbET sultBFE spgleiorl e Pafdf®hare: o
flow from sou is 1 i , i nmbi ng 338
via tines 328§g% 32@1@3@33@3} t |g§;t§g\hr|§%% %%“gﬁg?%ééggﬁ?ﬁyv orifice
332 in |ine 338e emd uf ahe vedil 120.t | ArcariventienBl filaseasof (moissHdwmlugh | ne

328 where it serves to rinse chemcal fromthe line, A 30 |arger percentage
of the DI fil May he loeatad within sha vassekfarssuighcanfyaning hehligeid i nto 1ine

338 hi hend in |j ' - - k 112

20 P A VR gef B 8 sl el A,

vol ume of1®l Vnférsei theewaestsChitimgusal ri ed out by keeping val ve 324 opened
for a predeterm ned anount of tinme known to result in dispensing of the

desired vol une) or Murafitiesi offluid inkets2U36 @re speced ingitudinalbiaadk from a
liquid |level sensor ip the vessel ,340. Fiq.,10 sho a chenjical injection
syst em 400 usj?{]ﬁralir'\()rapcﬂ?% ‘?1%’?5@3'09%996"0&7%‘6‘3%‘8(ﬁéﬁ"é@ep 8or anot her
suitabl e conp hAt J 1 nber 16,
Figs 2 and anTonged Rafetsdliby 18 caifbs 1SEHMARN HRIARE, TRIET 0
storage vesselfleihg fnoph dhlid dine 184 intuppliyiesf1 36 presgudeep thedaditiés, A f 1 ui d

line 410 étends bet ween, upper and | ower portions of vessel 402. Aliquid
| evel sendBr gesulting,isshighopregsure fsid flow throughdnlets laintp vessel d | ne

410,209, Lo ot} gerheckinh GARCSY Mt R 114U AR oo o

side sections as shown in Fig. 4A to promote uniform fiuid flow

through the vessel from inlets 136.
As described with respect to the first embodiment, a chemical

25 dispensing component is connected to the fluid line 134 to allow

process chemicals to be injected into the DI stream when needed.
An elongate opening 123 is formed in the bottom wall of the

inner tank section 118. Opening 123 extends longitudinally along

the bottom wall from an area adjacent to the front of the tank to an

- 30 area adjacent to the back of the tank. A dump door 124 seals the

opening 123. An automatic dump door assembly 126 controls



A di spense vessel 416 is coupled to chem cal storage vessel 402 by a system
of plunbing fornmed of |ine 417, reservglér 418a, and lines 4186bl\(42\h58(5ffh
4'18f. A reduced flow orifice 420 is posSitioned in line 417 an $<VaTve 422
I's positioned downstream of 20 orifice 420. The opening in reservoir 418a

at its connection with line 418c is significantly smaller than the dianeter
of the pipe forrmng |line 418c. For exanple, reservoir 418a may include a

4164 and 25 TERERECOY B GAP Ol 928 AabDb Al GHIFIS 129 4080 5000

line 418d andniptyahnér debtidrs 1065 iahdoiethdradonttsie nseVerAdht oiaarArl 416 and
Its associ ated plunbing 418a-f are proportioned to contain and precisely

di spense t hedent i124 backirntoythefopgning d33 tesetsaal e tank. n§l sensps pénse
operation. They are arran e@ 30 auch té‘at d tectiogﬁ.f a flgpi d | evel by
sensor 436 oé’c&p? %\é’ﬁ"&ﬁc’g‘ﬁ Y Used with dump ISEMUTESNAY && pl unbi ng has
b fillged w - - ' i red |
een T111g %‘;“F‘f’ﬁd to%?erlfgghygi'hg%ﬁ\eﬁhbgpg:ﬁ HER! e%‘?u BP@IO%Eg‘#\re vol une

of chem cal € proce spense vessel s an INg O i Tferent

vol unes may kectfihceowittihagactons ftord theaidtérmscattvoliirng when dif f er ent
di spense vol unes are needed. 5 A dispensing line 428 extends from di spense
vessel 4i 6 and i Whed&penedathe dupmp dpos penmitspuick disrh@rgs of flwds v

coupl ed with dryi vapoy generat.i cha 16 for di spepsi a drying
conpound i nt Jr?'ﬁet?‘gh‘éﬁ*ﬁ%@[s ‘%g‘? av‘é??ﬁ?‘ﬁ%a@ﬁ"i‘ Iﬂfhﬂ%@% tzs}ee"?%egeﬁ-g‘gner al steps

I nvol ved duri ' f ' e [ 0. The first is
the bulk fil |sg§%ée}ﬁﬁﬁ?'%"d\%ﬁiﬁe%‘%e‘%%?a%cgétc#r"g‘ggsbeﬂ%?aﬁ% e TS i
chem cal 1@r yiingludesraowadtd tinen7duttkatstipwisyfrdtvitheTtatchdrasinl to anaacidcondary

fill step, in which the anount of chem cal needed.for use.in drgi.ng a batch
of wafers is Wasteesite Withiithedgundeysh|sepgpateniPh dispeeakeutlet 128 is

positioned in an upper region of the discharge tank 72. During use,

IPA vapor is exhausted (by Nz gas flowing from inlet 150, through
dump opening 123 and into the catch vessel 72) through outlet 128

15 to a condenser 132 where it is condensed for disposal.

The components of the system used to generate N2 gas and
drying vapor for delivery into the vessel are similar to those
described above with reference to the first embodiment and so they
will not be described again. These components are labeled in Fig.

20 4A using numbering that is consistent with their counterparts shown
in Fig. 3 in connection with. the first embodiment.

Vessel 112 includes a hinged lid 114. A pair of arms 116
extends from the lid 114. Each arm is coupled to a cylinder 117
having a lower end mounted to the stage or other support structure

25 (not shown) used to hold the vessel in a process platform. Cylinders
117 are operative with arms 116 to pivot the lid between opened
and closed positions. When in the closed position, lid seals against a
flange 119 mounted on vessel 112 to prevent migration of fumes
from the vessel and to further prevent particles from the surrounding
30 environment from entering the vessel during use. To optimize

sealing between the lid and the flange, one or more seals 121 (Fig.



15 vessel 416 and its plunbing. Third, valve 430. is opened to allow the
chem cal fromvessel 416 and its pl um_:)i1|gg_ into chanber 16. T fill
step is typically carried out when the volune of the chem ca:%q\g%dgge
vessel 402 has decreased to a predeterm ned 20 mninmum |l evel. Valve 403 is
opened, causing chemcal to flow fromthe bulk supply into the vessel.

Val ve 422 remai ns cl osed throughout the bulk fill step. Fill sensor 412 is

confi gured t @)Fopvedafl £ediabls deaiingrhatdriatsudBhsi Tellaa®idgroChémrat,he fluid
| evel in chem cal storage vessel 402 has 25 reached a predeterm ned | evel.
The | evel wi ldre positiansid gn id T4 endéar langA8spond to the vol une of
chem cal needed to (%,ar,r i% out a, pyedet.erm ne f dr

I n

procedures. Once A fittig _ exﬁwd&{rgg} E"ﬂ%&fﬁa%‘g%@twﬁﬁgﬁg&sm 402
has been T1 ! s tfrduth A7 R Jo HIPIPAR/aBEr Sfer theliiefl. (RPAka 30 valve

Is opened to Inithate t ry fi step 1nto vess - 23 - 6

May 2003 816.is provided! withananifeidirid) ehatvialovieotés lniforhi flewdéBd remai ns cl osed
during the secondary fill. During the secondary fill, fluid flows through
orifice 420, gas/vapay inke theveses! ad phtrewalers sitwatedawithipsthaeyessal. val ve

430, th 5 fil.li A | 416, .li 418b dt iL 418a. Next,
fluid czgcadeth‘F Ir’ﬁ%ﬁ“)(@?z%/&'&g&l I Q? rﬁoﬁg ! g%férﬁgg%\#ggﬁ'gh . gort i )(;n of

[ i 418d th i . | i i |
w16 i mt ol hodhs Shbdurt A 14118 76fmid of % foi pidfie 170 Sfue it 178m vesoel

| i nes 418e anghdib8ttonYdateSENS 0Fofd@ddat thetinderdidef dfuthd topy plate tINED
calibrated fluid volune has been achieved. In response, valve 422 is

closed, fRer et :apiriafggrocyes ¥1®ipaealsodgseA) shat intprserhdoifarmian 10
;te ELIesent st hﬁ-s%aalp'e%rgét%grn\.loﬁ’f{{ﬁg Q|f56 {suhgidw cgngleﬁnt% ’me épo%vseg?ondar y fill
preferably at their intersection point, to direct gas/vapor passing
through the fitting into the grooves.

Bottom plate 174 has a system of grooves 178, 180 on its

18 upper surface. In one embodiment, the grooves include three
longitudinal grooves 178 and a pair of lateral grooves 180.

" Longitudinal grooves 178 are lined with a plurality of small holes

which are the entry points for N2 and IPA vapor flowing from the lid
114 into the vessel 112.

20 Middle plate 172 is sandwiched between the top and bottom
plates 170, 174. As can be seen in Fig. 4A, middle plate 172 forms
a series of channels with the grooves 176, 178, 180 of the upper
and lower plates. In other words, the arrangement of the plates
creates a pair of channels (intersecting to form an X-shape) between

25 the top and middle platés, and another series of channels between
the middle and lower plates.

Middle plate includes throughholes 182 that extend between
its upper and lower surfaces. Throughholes 182 provide a path
through which N2 gas and IPA vapor flow from the X-shaped channel

30 system, through the middie plate, and into the series of channels

formed between lower plate grooves 178, 180.



After valve 422 has been cl osed, valve 430 is opened to 15 permt chem cal
to flow, fromdispense vessel 416 int_oTyhanber 16. 1t shoul dg3@4j spgae not ed
that at this stage valve 437 remains closed. After valve 430 has been
opened for a predeterm ned amount of tinme known to di spense the calibrated
volume of chemical, it is closed. Because valve 437 remains closed during
the secondary fill, 20 a small volune of fluid remains in line 418c and in
the portion of |i e fatBidatehdistributmyoot Neande|PISvapdathmmugblid § 1dext opened
to allowthis small volune of fluid to flowinto vessel 416 where it wll

forma porti ShrosghhpieschB2 spay ba alignadevithadbertoyr gorpers ehthe oX[ owi ng

d fill step. .Thi | | I ds. .t . . of 25
vol une over TREFERY e steeestoot i Fh BERR AR with BBy SHish s s
resul t of th‘go'irﬂ%tBé&Wéén%nﬁﬁhHﬁaﬂ@ﬁaﬁﬁel@'Pﬁ@ahﬂ%@é?hﬁ&ﬁ%ly 18ten sensor
436 detects I'i'quid | evel. - 24 - 6 May 2003 Operation - Second
Enbodi nens Oper lpwearrplate 174. sRadmgl usebtide gastvapior [floves thimaugieBttinded wi t h

reference to Fig, 3 and in the context of a process in which oﬂéﬂation i's
renoved usi ng 2hinip/thei Xshaned ghanpels farored: betwegnthe topapddnitdeuent | y
rinsed, and drji.ed. ' ' nce of
St eps. oceurs Mg i By BhH SRS 1 into thE ySleY HEhafe

pr e- pr ogr amEgrinBH betWdehhetmiddié andb&XitdRT plaédls Uifiviaagens of the
chem cal processing tinmes, rinse tinmes, vessel evacuation tinmes, flow

rates, wast e ghséyamarl flowhdniactiie véssebabroughetite snhiali presiimgs foranédhjrect i on
etc. is ? verned by, process cont{é@l er 184. | PA vapor generation is
preferabl'§ c dihe; lgpaiudinah 9faaYesat89- st ages of the process, but in any event
prior to the nonen | I Y L PA vapor is
created within theAnghc%% gﬁgﬁggerr El:')%/ e?én"ﬁg(;:@?%é/ EB%P%-dyr#eogésht?r Il'a‘?j) quantity

of I'PA 1 qui drobditieshdahrfdeor bessinol) D26 BAsIMEal iinjettionsMponehts68ssed
with reference to chemcal injection system 400 éFi g. 10). In one

enmbodi nent, t &rd shewvarious valvesiand sersprscassgciaied iwish aperatjorrod-the di anet er
waf ers s approxi mat eat ed £n 20 . surface 60 to

SQI- %agm The ilins h

a tenper at ur eSYFEMy roligg 3845 ProgEarpged Hy 90¥FR CBPTPhANd MR i's 82, 4
C at 1. ayBsSpBpiRdse E6RbbREntd o hFROMAGEARSEPeh RRd! AbSe 3he Walvids, | PA vapor

I s generated ang t%us expedites the process, creating a dense | PA vapor

cl oud. Mai nt anatingtet the lid?And elgmep albor cand reguliate Fliomg op fhidsitediggsesi ties in
the IPAliquid from?25 becom ng airborne where they are apt to be carried

into contact W?-H“t%%ﬁﬁ%?"" a@é@??ﬁ%?%@%§Pﬁb", rigtedorthes is fitted
W th an et ch $oliicap oodls BANGcaREH GhiN ARBRLANLS sLitSbictAmRle. HF and

HCl ) For nore even m Xi'ng, m cal's ‘may nj o the D 30
streamas it fouppbsd 13 ® MOS8 Mizsslocessell sonEohst availblie i Predd t h t he

chemi cal injection system 300 (Figs. 9A and 9B).

2 Electronics, Inc. Boise, ID. However, any suitable process control
computer can be used. It should be noted that the electronic
coupling between the controller and associated components is not
represented in the drawings only for reasons of clarity.

A chemical injection system 300 useful as the chemical

25 injection component 68 for the system of the first and second
embodiments in shown in Figs. 9A and 9B. Chemical injection
system 300 is a desirable one in that it permits precise measurement
of process chemicals despite the variations in pressure that are
inherent to the bulk chemical supplies typically used at foundries.

30 Timing and control of the various valves utilized by the chemical



_ 25 _ 6 May 2003 Wth |id 114 opened, a wafer cassette carrying wafers W
is lowered into the vessel and positiopgd on a wafer support 6%5%6@)3'[ he
vessel. Lid 114 is next pivoted into a closed position, causing the vessel
to be sealed by seal 121. N2 gas (preferably at room5 tenperature) froma
source 66 (which may, but need not be, the sane as source 54y is introduced
into the vessel via fixture 150 to purge the systemof air. Anbient N2
conti nues t oinjéctivn systeninés gosemiedaby procwest tontroltdrel 84torlbydayi ng begi ns as
| at er described. After the wafers have been etched, rinse fluid is punped
into 10 the $eparete coptrpllgr.Dl inlets 136, and cascades into the overfl ow
weir 120 and out the drain 122.Jf an ozone ri.nse is desi{ed he_wafers
are next rinsed ubFﬁ%f"B?oﬁ?a % glff' %!b%'BP.aPﬁ‘riFg '%?Yﬁge"&gﬁrq gﬁﬂ‘i) S By

i nj ecting oZgRgmidHI XthPfyd LESRI WILE UbRIYSE BRIEEReiitdt subply B84Yessel

112, or directly into the DI stream by the chem cal dispensing 7 5
conponents ROmentigaicstorage @eséelrinaludetfa manichaaibesBAB ahdresideor exanpl e,
3 - 5 mnutes, but will vary with applications) to thoroughly rinse the
wafers and c&baetbes 308 Péteﬂdiegdé%mrfgﬁ majisehamper. tTihe inteRprafrthgssenbl y
quickly is acti.vated .to nove, the du oor 124 .to it ned position to
qui ckl 'y di sc%?'aéﬁqﬂﬂdﬁi%“'r’?ﬁ eSS, ith.8ae ARether R Hunp:)

Preferably couplt £¥afdfhé B1PExidias batvibdr thdmalganglsiggcurs in a very
short tinme, and preferably in less than 5 seconds. The discharged fluid

noves i nto czhambeasi nA Tiguid el deasors3 1 2ds prsitidndthto mofidtarrthe t he
foundry's acid waste disposal via waste line 74. Low fl ow anbi ent N2
cont i nuetOf | dguidylevs! imilyid Hae 31 and darpreyidesteedhask comegraipgtheust prior

to the drying; i LWefl ed, a\Per L N2 gas to
fill the | PAq'é‘g'ﬁfgFeé’teuYgi%\é?ﬁg%&e$°'{}g‘,k'%v’\h?%ﬁ§gf g"ﬁy é‘gorﬁt“téi%tgggé"ﬁjsch | PA
vapor cloud porh & WIP6f tiid Pricnarnegsskhe |iquid in the vessel has been
fully discharged, valve 59 Is 30 opened, causing the heated N2 (having a

tenperature of typhAclispenssovessed 336 isocoupled torchdrmical sfooage vesselhe vessel .
The | PA and .26 - 6 2003 .ni tilized ip th

pr 2f er abﬁg hi%ﬂthyr fing, 3I¥gdﬂp'%§‘ "qlﬁb‘b%%ggdlé&%?g%@r‘;fﬁlqel g%ﬁr %S(I% ‘fe;lr gr

99. 999% . j t .of . axi mat el

25 - 10079 andaaye Poslighed Suunchicl) BF otieats26; afgPPuds GRETIRE, "2 1Y

preferably 2 318 farthet elownisieedroves valnd 3221 A vahang24igoveres élonmedfi n t hat
is leads to | ower | PA em ssions. The manifold arrangenent in the |lid 1 14
pronot es evenPHmater biam &Y spurce82R6e ¥ 6-he channels in the lid and

f
consequently an evan Llnf?g‘f ﬁ).]‘le\é?h%gé,\s\%lf%gqgg t %%ﬁggbgs&g%%nagdt he waf ers.

10 The | PA vapor condenses on ers, for nitorm concentration

of 1 PA in thejirdlitesia 3dhes B3 a8d aheduekarfiowrdrifice 33DeLipuidieed | PA

breaks the surface tension of water on the wafers and causes the rinse

wat er t o 2bheasensdr 386tiapositianedsin ing 328 By detectowtenffluidiés presedtyi ng

period, the rinEe g%eb w || have b&gﬁ 15 conpletely renpved fromthe
ters, cassellt 8ne gssneeppive 330 hag beerh, gpeneden repl aced by a | ayer

d d | PA. TRhe:ARA ' j 123 int
Cat o basi n 72, whehe e Brangly S cbifedE Aoy HE 98 NI BRB D gn

condenser 132sestion dif yuzser3d6. Parthbedawrdtreimmpfaide bRhchaBBY i§taeps as
descri bed herein provide several advant ages over the prior art. One

advant age pr odisfensingline 338 fiuidivao with e yesselthb2. t he wafers remain
in a pur%ﬂ enviro nt w tfhi n vess?l 112.thr oughou.t the enti r? process,
rather t bei ng & afefgup geparal sters involved during qpgsation o

chemical injection system 300. The first is the bulk fill step, in

which chemical storage vessel 302 is filled with chemical from bulk

supply 304. The second is timed secondary fill step, in which the

amount of chemical needed to treat a batch of wafers is passed from
30 chemical storage vessel 302 into dispense vessel 316. The

secondary fill step is accomplished by opening valve 322 for a period



25 are noved froma rinse vessel to a drying vessel. O her advantages w ||
be appreciated with reference to Figs.1{8A - 8C. Referring toeﬁjﬂgyzm after
the quick dunp is perfornmed, a carry over |layer of water remains on the
waf er surface. Wen | PA vapor begins to enter vessel 112, it condenses on
the surface of this carryover |ayer and 30 diffuses into the water |ayer.
As nore | PA condenses on the water, it gradually decreases the surface

t ensi on of tdfetimeet predeteriiinetido cause7the desited 26i0tenta be dispensedl |y falls
fromthe wafer surface | PA vapor continues to enter the vessel 112 and
condenses onMtpyeqaeled’ §urface | eaving a | ayer of condensed | PA on the

waf er surfac i v i heul arly
benefi ci al ﬁ?{'g gﬂ?’g oﬁaﬁrﬁ{i gﬁdﬂ@&‘é\(‘:\fﬁé %&Ff‘ﬁga {?J’@e\?/eeér%%i rt?‘ggggr aphy,
where many tirﬂbtlm‘émgs @(\Aﬁﬂ Bﬁ‘&lﬁbﬂséé@m’@éﬁﬁil QHsts?EE? is €mPéd bAgy forces
are high in such tight spaces and it is thus difficult to renove water from

them Th& rreutlhzbmemnmrcogfehmtbetau:cummcaf thye semndaiyeﬁll st‘epwater wher e
it can work Ets vvayclntot,he wat er angd thenlntotr\& r s tight
¥ oRd t ceam'

geonetries (EWN@ SRENRNY §LeR HueaTiedabin which dSafter the
| t th
el er | PR ohfling 33d RTbIME HIRLEE tadf by d B SheBhy bRSiFY ™Y | " L 105

and condensemtb%dfmm,ghevégggpmsurfaces pronotes 1PA/water rinsing of the
waf er 15 surfaces which facilitates renoval of any particles that may

remai n on the waf dihe. bulkdilhetepastypically ¢ardedioutiwhen tthe vplume afunp step is
erformed.so . as to co tely eva t he, vessel, 112 (or at least to drain
PPUi ' 11 ho the Shemice) ssareas VRSSHIaI0g bes dpcieamad 18 ARFBISRITIRRG0 of 11 e,
preferably ungeimihy fvifC¥aive éﬂﬂ &H?étghﬁﬁe?f)gge}ﬁ \FHséh 809 am%quf' iquidis

beneficial to stripping water (and an artic in wat er t he
surfaces of tsuppiafseopendd, ddusing ahehutatmflwabmﬂfmbaﬂkm@wmore t he

| PA vapor step is initiated. Returning to Figs. 3 and 4A at the end of the
| PA drying 23%6seel 3@2. Al pshepvalyes|igdbg sv&ﬁmnmema clegedettsgughowipened,
causi ng heat%ﬂ \%’ léq I ferably 80 - 90 C) to flowdirectly into the vessel

at a higher f Sy l!,. preferably 150 - 250 slpm As with the first

enbodi neys, addltInn@eneaﬁsnalﬁtéoﬁfvgu@ete%wiw%d%&h'ta ddiroiRgsel and
oriented to direct the gas onto the cassette to facilitate 30 drying during

this step. 18428ndicétivg \thadtite Tluid hea dnl cNErrgaal storagecgesdet 3(&2ntiamsed | PA
| PA evapor at | GACEERS PECSEBRAD: 5velar T NE e v Vi eI BbhReicyos - 5
?oggteﬁgér-r?go %ﬁgg‘?\@gdr 1“?L)s‘aécoﬁg{)‘nses&c‘i% n{amg?‘?)é%’ﬁé%‘? %g?m slwnt gbl e
for di sposal . predetémedined mitnges ohdvafer batches puvessel driy2.1 PA vapor renai ni ng
'n the Vezsose' 't OO(r:\%EaCf?ll ggr?slonr IZ 1 2adne(13cts that chemical storage vessel 302
) has been filled to the desired volume, valve 303 is closed. Next,
valve 322 is opened to initiate the secondary fill step into vessel
316. The system allows an accurate fill of vessel 316 by monitoring
the time for which valve 322 has been opened. For example, the
25 flow rate of the system may be such that it takes four minutes to
dispense 200 ml into the vessel 316. Once valve 322 has been
opened for the required duration, it is closed, thersby halting fluid
flow into vessel 316. Reduced flow orifice 320 causes fluids
dispensed into dispense vessel 316 to flow slowly, so as to insure a
30 high level of accuracy during the secondary fill step by minimizing

the effect of the split second delay between issuance of the "close"



t hrough condenser 132 via line 128. At the end of the |IPA evaporation step,

a low flow (preferably 10 20 sl pm of _I\fﬂ gas is resuned to rrgiM‘gya,a_'oma cl ean
environnment within the vessel during renoval of the wafers. Lid 114 is
opened and the fully dried wafers and cassette are renoved fromthe vessel.
As di scussed, the system 110 is useful for other processes, as well. For
exanpl e, the system 110 may be utilized as a 15 conponent of a |arger

syst em i n whigdhtvsiisigsalaioevdlve x5 afd aRd dctialasiosingofseieavalve. versel . For
an operation of that type, use of the system 110 m ght begin just after the
rinse steps, shaud et netedethat the mystamds sgefultfor mpplications imwidchor dryi ng.
As anot her exanple also illustrated in Fi

. .8, for certain surfaces it my
be desirabl e $YFCESSYRi IYNS ?@F“‘hfe&ﬁ"%n@%teée%"sg'spﬁﬁs%Q’Qf‘gﬂﬁo carry out

an ozone rins&{ L i qﬁgz Hydrophilic
surface on Fh%(ﬁgp:cﬁ{aw\%%gglg%%. heunﬁlrbf?%@t@efgﬁgg@@gwdzgg%“ : ed_'@t%%ve produces
a hydr ophegbi cogstidcraarindtfe HexoRbaf/ filt 8%6p danGWHARE thRMilmeobeneficial in
that it works well regardl ess of whether the 25 wafer surface is

hydr ophi | i ¢ ochémibabphabinill bagdigeensatet her exanpl e, i mersion of the wafers

in HF may be i mrediafely, fol)l d a quick d f.the HE  solution into
t he cat CK basi n. Tﬁ‘gtq{ﬁyé’rlﬁ’% |2%qvﬁ?%ggaﬂr?§°§e§ff"al'j‘?%\%§9 §yPReNed ¥ vapor
drying step ( %k%?.n ' f‘%qlﬁ : SHEks t: ; ep to 30
renove condené%ﬁmlt r.g?np%%gt’v\“g er sqés %gsset t@gﬁ‘?@ 'E@S'AEL%g%%/ay 2003

Wi | e the subph@hibingV3B8; whittass pesferabty dargeeshondghhto ebrtaimehe temtipeef erred

enbodi ments, various changes and nodifications could be nade_therein, by
one ski | & i dispeasemolume: hanee Jiney328) has hpenhemptiege saneprsddbit of the

subj ect i nven]tli”%ré oft, ﬂmetjici:é]t?rgg ?ﬁ/att \r/]eessaeP%qIédﬁgs Blegriw rcr:%maeteh—/ 3ec\)lacuated.
The system registers the time lapsed between the opening of valve
330 and the turning off of sensor 336, which is the amount of time
taken to empty vessel 316. The measured time is compared by the
15 system to a value saved in the system's software correlating to the
amount of time that it should take for the desired dispense volume
to exit vessel 316 given the known rate at which fluid will flow from
vessel 316. This step is done in order to verify the initial time
dispense into vessel 316. [f the comparison reveals a possible error
20 in the amount of chemical dispensed, remedial measures are taken
) before wafers are transferred into vessel 112. Such remedial
measures may include disposing of the chemical via drain valve 339
and repeating the secondary fill step.
Shortly afterwards, when it is time to dispense chemical into
25 the vessel 112, valve 324 is opened, causing DI water to flow from
source 326, into dispense vessel 316, and then into plumbing 338
via lines 328 and 334. Because of the positioning of reduced fiow
orifice 332 in line 328, only a small portion of the DI water flows
through line 328 where it serves to rinse chemical from the line. A
30 larger percentage of the DI fills the vessel 316 and fiows through
side branch 334 into line 338, pushing the chemical in line 338 into



CLAIMS: 5 1. A nmethod of treating and drying the surface of an object,
conpltising the steps of: 6 May 2003 (aRiprovi ding a vessel a@(Ma')’Ide@aSt one
obj ect having a surface; (b) exposing the object to a process fluid in the

vessel ; (c) discharging the process fluid fromthe vessel, |eaving residual
10 process fluid on the surface of the object; (d) after discharging the
process fluid fromthe vessel, introducing a drying vapor into the vessel,

t he i nt r oducdankiMmfiznyhilepmiso biasing vessel 336 and jines &3band388g vapor

[ | d f t.h | ..t dryi d ' th
L Tace of ¢ ot aver Hvaliect ) afer Sivmenbed Eandfiorertd it Bie r eci dual
process fl ui eepiHitvdide B0 dpehedYs! a Prédéemined dmbanf c%flcﬂlﬁfi\%)kﬁowﬁ tohe

surface. 2. The nethod of claim 1l wherein the %r ocess I s dei oni zed
wat er. 20 3. result inedispensing of herdasigtbvelume, loe byralesisg valveid24 ip

hydrof | uogi c acid. 4. Th thod of. claimad ( further in Ing the step of
"t oduct o doRRass o RaapRek RS JabiedeVhsansot LGB RELo S, 11 2e 7
condensed 25 dryi ngqVapadhdw e dhinicl hﬁé@ao&sY o RIS f6d ai m 1 (
wherein the nethod Turther includes the'step of, prior to step (bl.

gener ati ng t hdispensing dryipgrcampauhd{suctoas iBAoireariother shigablessel ; and 30

step (d) includes the step of using a carrier gas tq car he _dryi ng vapor
fromthe renBYUNPEEAE) Ko the Sirying Yapasgeneration %W%dgkémtb?ﬁé t hod of

veasel . the crdwariiual; ClsrRe IS ST BB AT ndydie KRERUERET P g
step i ncligdessidpggs Vessf40TR 8bupRdatods YU sGEPRINEryihg Rbofmpgdumdchanber to
produce the drying vapor; and step (d) includes passing the carrier gas
t hrough the ch@#beh fiuid line 410 extends between upper and lower portions of
vessel 402. A liquid level sensor 412 is positioned to monitor the
liquid level in fluid line 410 and to provide feedback concerning the
liquid level to system controller 184 (Fig. 4A). A vent 414 extends
15 from a wall of vessel 402. '
A dispense vessel 416 is coupled to chemical storage vessel
402 by a system of plumbing formed of line 417, reservoir 418a,
_ and lines 4:| 8b through 418f. A reduced flow orifice 420 is
positioned in line 417 and a valve 422 is positioned downstream of
20  orifice 420.
The opening in reservoir 418a at its connection with line 418c
is significantly smaller than the diameter of the pipe forming line
418c. For example, reservoir 418a may include a 1/2-inch diameter
opening leading to a 1-inch diameter line 418c. Lines 418d and
25 418f have vents at their upper ends. A sensor 436 is located in line
418d and a valve 437 is positioned below sensor 436.
Vessel 416 and its associated plumbing 418a-f are
proportioned to contain and precisely dispense the entire quantity of
chemical needed for a single dispense operation. They are arranged

30 such that detection of a fluid level by sensor 436 occurs when

dispense vessel 416 and its associated plumbing has been filled with



cause it to carry the drying vapor into the vessel. 10 7. The nmethod of
claim1, wherein the nethod further ing@audes the step of recb%ép'mg,dryi ng
vapor fromthe vessel and condensing the reclainmed drying vapor to a liquid
form 8. The nethod of claim1l wherein the drying vapor is fornmed from 15

| sopropyl alcohol. 9. A nethod of treating and drying the surface of an

obj ect, conprising the steps of: (a) providing a vessel and at |east one
obj ect havi nglightymharsethdOth{dyequiressvolgmd of cheoucalt for ahé ipracesscheni cal
within the vessel to treat the object; ( introdqucing a rinse fluid into
the vessel tIFPPRSe YaISEIRERAJRIH hl%gnomﬁ?f%%evﬂamﬁmam%es%mace of

t he object; | roi o 1 Ui l.. | eaving
resi dual 25 ﬁrlgélsagbf%fe#gp%ﬂgt%'Eﬁétﬁré@@gm{‘# v?*ﬁéelj" gﬁ}fée%gtﬁf%%%gﬁt er di scharging
the rinse fl Wdludhesartteedrase! . i ntroducing a drying vapor into the
vessel , the drying vapor condensing on the surface of the object and

reduci ng Bhe surf A dispersing liok 428 extendiufiom dispenisk viedselchliiang t he

residual rinse fluid to fl 30 _off of the surfaces, - 32 - 6, May 2003
10, The net hdaclres ayaive 430: haisnemrtﬂjﬂﬁa "tié'%?'eﬁ"\bpovmefio\mm ng a

heat ed gas | . r oy ensed drying
vapor fromt hrqarglls l.#] ?%%‘g'saghi'%ftgoﬁh%ﬁénrgpﬁégboéoch{gééﬁ%&é \?\:f%r&g{lgﬂ the. method
further incl ustApblind Sheptied chamber fopvapefzation. generating the drying
vapor at a location remote fromthe vessel; and step (d) includes the step

of using a carrierThers are thaee \general tgpadnvelyed durng eparatienuife | ocati on
' Lo the 1S Ghémical injection system 400. The first is the bulk fill step, in
which chemical storage vessel 402 is filled with chemical drying
compound from bulk supply 404. The second is a secondary fill
step, in which the amount of chemical needed for use in drying a
batch of wafers is passed from storage vessel 402 into dispense
15 vessel 416 and its plumbing. ’
Third, valve 430 is opened to allow the chemical from vessel
416 and its plumbing into chamber 16.
The bulk fill step is typically carried out when the volume of
the chemical storage vessel 402 has decreased to a predetermined
20  minimum level. Valve 403 is opened, causing chemical to flow
) from the bulk supply into the vessel. Valve 422 remains closed
throughout the bulk fill step.
Fill sensor 412 is configured to provide feedback to controlier
184 indicating that the fiuid level in chemical storage vessel 402 has
25 reached a predetermined level. The level will preferably be selected
to correspond to the volume of chemical needed to carrying out a
predetermined number of drying procedures.
Once fill sensor 412 detects that chemical storage vessel 402

has been filled to the desired volume, valve 403 is closed. Next,

30 valve 422 is opened to initiate the secondary fill step into vessél



10 12. The nethod of claim1l 1 wherein step (al further provides a chanber
fluitly coupled to the vessel, the cha$f positioned renot eleyvsy 2003t he
vessel; ' the generating step includes the step of heating a drying 15
conmpound within the chanber to produce the drying vapor; and step (d)

I ncl udes passing the carrier gas through the chanber to cause it to carry
the dryirwg vapor into }he vessel . 1 thod of claim9, wherein the

in 3., The_neth ]
met hod” f ur t hér1 G-ndE ghawldbe fyoted that ¥plveAB4iiniling 4184 FeMalsFosedm t he
vessel and C%Qﬁgsé @gsééb?\Jaﬁilf@i med drying vapor to a liquid form 14. The
met hod of clarm \”nerel nt fying vapor is formed from i sopropyl

al cohol . 25 15. TipurirRy fiesl setorsdayild fdiariedws ttheoughnesfité 4ad,i s dei oni zed
water. 16. The nethod of claim9 wherein the nmethod includes the step 30 of

rinsing the diiirgtle porticoodtiod 428 ¢hat lies upstreamh dhyal®e083Q,7thefihe net hod
of claim 16, jncluding the ste rinsing the object with ozonated rinse
fluid prier tHing Hﬁsié)‘u 6'.'“%8'4%&’%@ dhen resarval 4Ra-aNgxtglitide surface of
an object, 5 | Si p s a Q\w.di ng: . enot e
chanber 1 ui drCBotp {1 8y TbRPEN 8 intind Wl Bt BRI RrmoR 15 e

obj ect havi nging 4v8d theesité kboveanbsed vale aB7edtiuidsalgs rsedColr 0Cessi ng
procedure outside 10 the vessel, to produce a wet object having residual

process fl ui vesset 436;into the postion ioddinegd 18d thet liep pelow ivalvwené3vessel ; (d)
o dr v A o _ : s

Phrough ¢ he. el IaRs TS e 4% B Fr. SRhehrdacBB} 23 dRiesa e aryi ng

vapor fraem t ng,;iahafBetné S:%ir?lé@?@d‘fﬁﬁ&@oluﬁ\@%ﬂ M%éfga}ﬁﬁi%%???ﬁdens' ng on the

surface of the objecf an uci ng the surface tension o e residual
process fl ui drespoAss; valve 22 éstidsati, phe@byshdlting dluid flovointef fesekl t he

surface. 20 _
416. Shading in Fig. 10 represents the calibrated volume of fluid at
the end of the secondary fill step.
After valve 422 has been closed, valve 430 is opened to
16 permit chemical to flow from dispense vessel 416 into chamber 16.
It should again be noted that at this stage valve 437 remains closed.
After valve 430 has been opened for a predetermined amount
of time known to dispense the calibrated volume of chemical, it is
closed. Because valve 437 remains closed during the secondary fill,
20 a small volume of fluid remains in line 418c and in the portion of line
) 418d that is above valve 437. Valve 437 is next opened to allow
this small volume of ﬂuid to flow into vessel 416 where it will form a
portion of the calibrated volume measured during the following
secondary fill step. This small volume corresponds to the amount of
25 volume over the required process volume that will enter the system
as a result of the inability of valve 422 to close instantaneously

when sensor 436 detects a liquid level.



19. The nmethod of claim 18 wherein step (d) includes heating a drying

conpound wi thin the chanber to produce $he drying vapor. 25 BMayl2e03net hod
of claim 19 wherein the drying conpound is heated to a tenperature bel ow
its boiling point. 21. The nethod of claim 18, wherein: step (a) further
provides a lid for the vessel, the Iid including at 30 | east one inlet; -
34 - 6 May 2003 the nethod further includes the step of sealing the vessel

using the lid; andOperatiew - SerohbcEEmbodiméntyas and drying vapor are passed
into the vessel via the at least one inlet inthe lid. 5 22. The method of

claim19 wherein t@@eaagimmgfébmgnad iembediprasyywillanedHes deaer.it;eme lrret hod

f cl 18, wh h h L u 10 the st i i
rying vapor PRBKTeREete L Fieh 208 indhe RRPHESt ABrarsasinakyiahy vapor to a
liquid form 8& idatidh fgﬁfemﬂ,efafuﬁha'dn it tha{éheraddrw wﬂi&gtﬁmaﬁréf@w 15

I ntroducing a heated gas into t vesse ter step (e) to volati
condensed gir y arg subpedudnthyminhded, sarid drded. 3h.a ﬁrafetrbddambodimmm mige and

drying the surfaces of an object, conprising the steps of ) providing a

vessel and at desedlbedsequencs: of ﬁtﬁpawgcwrmutawuczdy(lnﬁwgammwm obj ect

to a treatment F;sr%lclétsls Cr)gmpg ptrgeprgSrsasfﬁrlned in otcrcﬁ?\?roﬂer t184. In other
words, management of the chemical processing times, rinse times,
vessel evacuation times, flow rates, waste disposal, chemical

10 measurement, dispensing and injection etc. is governed by process
controller 184.

IPA vapor generation is preferably carried out in the early
stages of the process, but in any event prior to the moment at which
the wafers are ready for drying. IPA vapor is created within the IPA

15 chamber 16 by injecting a pre-measured quantity of IPA liquid onto
heated surface 60 of chamber in the manner discussed with
reference to chemical injection system 400 {(Fig. 10). In one

- embodiment, the amount of IPA utilized for a batch of fifty 200-mm
diameter wafers is approximately 50 - 150 ml. The IPA is heated on

20 surface 60 to a temperature ’preferably less than the boiling point of

) IPA (which is 82.4° C at 1 atmosphere). Heating the IPA increases

the rate at which IPA vapor is generated and thus expedites the

process, creating a dense IPA vapor cloud. Maintaining the IPA

temperature below boiling prevents impurities in the IPA liquid from
25 becoming airborne where they are apt to be carried into contact with

the wafers.

To begin processing, vessel 112 is filled with an etch solution

of D! water and stch chemicals (for example, HF and HCl). For

more even mixing, the etch chemicals may be injected into the Di
30 stream as it flows into the vessel as'discussed in connection with

the chemical injection system 300 (Figs. 9A and 9B}).



solution including hydrofluoric acid; (c) discharging the treatnent

solution fromthe vessel; (d) after thestreatnment sol ution hgmdemosful |y
di scharged fromthe vessel and without first rinsing the object,

i ntroducing a drying 25 vapor into the vessel, the drying vapor condensing
on the surface of the object and reducing the surface tension of the
residual treatnent solution causing the residual treatnent solution to flow
of f of the surfacW¢ith lid-185% opeheblhya Wa0& CdsseTieecareyihgdvafers Miiisn 25,

further including the step of introducing a heated gas into the vessel

after step (pwewdintaitheivessebaadposifianed oy awghr surpert wdthinthece 5 27

pror 1o st aBobty): anbiAEs et RuotBy iy dikiostd BSkephcesdRe Wi 2T Or

the vessel; t ] 1 1be. sfieRasf brsbhAaEPdomer gas to catry
t he “dryi ng vg%g?aft?gbré t?l,%gle?gén\}"o?gﬁl 1g)cat [ ongﬁﬁt(gﬁét?he vyggsel . 10 28. The

met hod of 5 cl aemip2ratuiney from atsauré¢e )68 (whivkr maypbutiesed noftdbehdhef | ui dl y
coupled to the vessel, the chapmber positioned renmpotely fromthe vessel; the
generating stS8Me AgisouEee b isintroducabintp dferesssl Yig fibdur ApOt®d -wi t hi n

t he chanmber to produc h rwin A ej I ncl udes
passi ng the @ﬂ&? ggeﬁggﬁrﬁr%ﬁh t 'ﬁ'%g%r%ze?g?%mg%su{sd;ﬂ?wﬁéégg?ry the drying

vapor eir nit (r)mt lf}%esgsrsa@b TovSflowNaitBRIMAdrgingChagift 2@, larlertibbde net hod
After the wafers have been etched, rinse fluid is pumped into
10 the vessel 112 via Dl inlets 136, and cascades into the overflow
weir 120 and out the drain 122. If an ozone rinse is desired, the
wafers are next rinsed using ozohated DI water. This may be carried
out by injecting ozone into the rinse water via a separate inlet in the
vessel 112, or directly into the DI stream by the chemical dispensing
15 component. Rinsing continues for a sufficient period of time (for
example, 3 — 5 minutes, but will vary with applications) to
thoroughly rinse the wafers and cassette. After the desired rinse
time, the dump door assembly quickly is activated to move the dump
door 124 to its opened position to quickly discharge the rinse fluid
20 from the vessel {“quick dump”). Preferably complete evacuation of
) the fiuid in the vessel occurs in a very short time, and preferably in
less than 5 seconds. The discharged fiuid moves into catch basin
72, then drains from catch basin 72 into the foundry’s acid waste
disposal via waste line 74. Low flow ambient N2 continues flowing
25 into the vessel during the quick dump step.
Just prior to the drying step, valve 56 is briefly opened,
permitting heated N2 gas to fill the IPA generation chamber 16,
which already contains the rich IPA vapor cloud as discussed above.
Once the liquid in the vessel has been fully discharged, valve 59 is
30 opened, causing the heated N2 {having a temperature of typically 80
' — 90 °C) to carry the IPA vapor into the vessel. The IPA and



20 the step of reclaimng drying vapor fromthe vessel and condensing the
recl ai med drying vapor to a liquid formpe 30. The nethod of Cleaay shpawher ei n
the drying vapor is formed fromisopropyl alcohol. 25 31. The nmethod of
claim25 wherein: step (a) further provides a lid for the vessel, the lid
including at |east one inlet; the nmethod further includes the step of
sealing the vessel using 30 the lid; and - 36 6 May 2003 in step (d) the
carrier gas aﬁuogevimﬂizedmnhamomw preferabhe highspatityyisuchhas at | east
one inlet in jhe lid. 32. t hod f treat) nd dryi ng an object,

conpri sing thé"g’t egspgtgper ngmblqb‘@ It ﬂbgg éﬁgsﬁpul’f’aw ng a noveable |id,

the lid fornmed of | f: t tton1ess
encl osure, and fur hegtN%{)IrP%‘vﬁé{dW% m\.’@w\%v "Afé]%gvz=I P‘&‘é& LPrF#rBanqg’{Qb\?zgﬁpom ng

the object to aoorsﬂéﬁéérdfliturgiptaﬂrrtnhetevmmb ,forlen(lpl\ d‘wﬁic? peribhe vessel
using the lid; heating at |east a portion of th to a tenperature

above tha® ofp aphoaes'é nhinuites. The ldwes remdgohithis iange ixcpeefefriediio from t he
() ot ter "t ettt ot leadts to Pivaab A BB Tt y ThesEHRI Lt rRagBE I~
the lid 114 promotes even distribution of IPA vapor through the
channels in the lid and consequently an even flow of vapor through
the inlets and onto the wafers.

10 The IPA vapor condenses on the wafers, forming a uniform
concentration of IPA in the liquid adhering to the wafer surface. The
condensed |IPA breaks the surface tension of water on the wafers
and causes the rinse water to shear off of the wafer surfaces. By
the end of the IPA drying period, the rinse water will have been

15 completely removed from the waters, cassette, and vessel walls,
and will have been replaced by a layer of coﬁdensed IPA. The
N2/IPA exits the vessel through dump opening 123 into catch basin
72, where it is exhausted through line 128, passed through
condenser 132, and disposed of.

20 The quick dump and IPA vapor steps as described herein

) provide several advantages over the prior art. One advantage
provided over conventional vapor dryers is that the wafers remain in
a purged environment within vessel 112 throughout the entire
process, rather than being exposed to oxygen and particles as they

25 are moved from a rinse vessel to a drying vessel. Other advantages
will be appreciated with reference to Figs. 8A - 8C. Referring to Fig.
8A, after the quick dump is performed, a carry over layer of water
remains on the wafer surface. When IPA vapor begins to enter
vessel 112, it condenses on the surface of this carryover layer and

30 diffuses into the water layer. As more IPA condenses on the water,

it gradually decreases the surface tension of the water until the



vessel ,

t he resi dual

I ntroduci ng a drying vapor into the vessel, the drying vapor
condensi ng on the surface of the objecpyand reducing the surféiday 2608si on of

process fluid, causing the residual process fluid to f

of the 20 surface. 33. The nethod of claim 32, wherein the process
rinse fluid and wherein the nmethod further conprises the steps of:

step (b) suspending the lid above the vessel,
chemi cal

after imersing the object, and then sealing the vessel usi ng the |
e

The net hod ofto @ndenttesvasssldi 12 and condgnses snsthenwafry suitags,

vessel

| ow of f
fluidis
prior to

25 immersing the object in a
bat lwater ehentueadlyetallstfhan theswhtergurfpdehelRAeapornktontioues he vessel

id. 34.

agndbove t he

creates,_a hopd ahove vessel L L 0 $dNQ cape of funmes from
the vessel | rﬂ'&y?ﬂngﬁf‘BS_{]ﬁ%‘# FQA&% sepﬁjea?éer. &#%%828% 35. The net hod of
claim 32 wherein tigs lhhéthod &F AtEle@niévA1aY parficdiany hepRficianket . and
wherein step (f) includes introducing the drying vapor into the ves
t he i nl et 5i n watfers ihdvirtg Bigh a$peateatios orfsevked toBraphyt dvere mamydi ng t he

i ntroduci ng a purging, gas intq the vesse p{i or to intrﬁ%ﬁ

step of

dryi ng vapor .tigld spacesexig; Wil the Watgr srface, (Gap!
I ntroduci ng a

oo, A R L et L

vessel

i ncluding an open top portion and a |id noveab
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15
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larycioreesara

sel via

ing the
tep of

. . ( , 38.An apparatus for
treating and fei.NTHIMEBhEE bf cbh_ﬁeﬁﬁﬁ@rlPV-\Ulént&ﬁl@WrY Yviee layer\gfsse

water where it can work its way into the water and then into the
wafer's tight geometries (and continuing to condense onto the wafer
surface after the carryover layer has fallen from the wafer)
facilitates drying even in those deeply or tightly-patterned regions.

Moreover, the flow of condensed water and condensed IPA
from the wafer surfaces promotes IPA/water rinsing of the wafer
surfaces which facilitates removal of any particles that may remain
on the wafers.

Another advantage lies in that the quick dump step is
performed so as to completely evacuate the vessel 112 (or at least
to drain fluid in the vessel to below the wafers) in a very short period
of time, preferably under five seconds. This high velocity draining of
the liquid is beneficial to stripping water (and any particles in the
water) off the surfaces of the wafers. It thus facilitates water
removal even before the IPA vapor step is initiated.

Returning to Figs. 3 and 4A, at the end of the IPA drying
period, valve 59 is closed, and bypass valve 58 is opened, causing
heated N: (preferably 80° - 90° C) to flow directly into the vessel at
a higher flow rate of preferably 150 - 250 slpm. As with the first
embodiment, additional gas inlets may be positioned within the
vessel and oriented to direct the gas onto the cassette to facilitate

drying during this step.

|, the

e between a dosed



condition sealing the open top portion and an opened condition |eaving the
open*top portion exposed, 20 a dunp ope@®ng forned in a | owelg gy sdgan of
the vessel and a dunp door noveabl e between an opened condition permtting
di scharge of fluid through the dunp opening and a cl osed condition seating
the dunp opening) and a fluid inlet forned in a | ower portion of the
vessel; 25 a source of rinse fluid fluidly coupled to the inlet by a fluid
tine; a source of Theduweateddegas sembvesdhe ne@dtiBAcfrenfthe d fine; a

d t ha fluid | ed t.
géﬁégrﬁféz’?iﬁar"”é%al%?g%n@rﬁﬁ)%ésaﬁhﬁh% B vaporaEondFin Sy tﬁﬁi'ﬁgf of ol aim
with rinse fl%lrﬂ%ébférttf%m ?%g) fsoajr E%‘%§WF%&£8§?P§F§€ {’%‘?xﬁﬁéﬁﬁq tﬁe dunp door

after a FRinutés. MheZapopaRAEIFK 18 BRHapSteldothrhigh iIPA d"ra'm hapsed
foll ow ng falllng of the vessel with the rinse fluid, and for causing the

vessel tobSbe iftd tendense H:"f@/l Gpndemser flidhtondensss the IPAte agénddat i on
The. appar at udogR HHARK 597 IsBPERR: | BRAGAEN i Heriededianaly Q95 of 11 ui d
the f1uid mariiol de oge ﬂ’eiﬁg et e B s 1 ST Uy
coupl ed to th#rélgh dondenserl 1182 \Adhnahezappar atus of claim 38 vvherel n:
At the end of the IPA evaporation step, a low flow (preferably
10 20 slpm) of N2 gas i.é resumed to maintain a clean environment
within the vessel during removal of the wafers. Lid 114 is opened
and the fully dried wafers and cassette are removed from the vessel.
As discussed, the system 110 is useful for other processes,
as well. For example, the system 110 may be utilized as a
15 component of a larger system in which wafers are processed and
rinsed in a separate vessel. For an operation of that type, use of the
system 110 might begin just after the rinse steps, with wet wafers
being lowered into the vessel 112 for drying. As another example
also illustrated in Fig. 8, for certain surfaces it may be desirable to
20 skip the HF last step and to use the system to carry out an ozone
) rinse/rinse/dry process. An ozone rinse produces a hydrophilic
surface on the wafer, whereas the HF last process described above
produces a hydrophobic surface. The drying process described
herein is beneficial in that it works well regardless of whether the
25  wafer surface is hydrophilic or hydrophobic.
As yet another example, immersion of the wafers in HF may
be immediately followed by a quick dump of the HF solution into the
catch basin. The chemical quick dump is followed by the IPA vapor
drying step (step 218) and, if needed, the subsequent hot N2 step to

30 remove condensed IPA from the wafers and cassette.



t he drying generation chanber includes: 15 an encl osed chanber, a heated
surface within the chanmber for receingg_a liquid drying comguaga0as create
a drying vapor; and the apparatus further conprises a carrier gas source
fluidly coupled to the encl osed chanber. 20 42. The apparatus of claim41
wherein: the lid includes a plurality of fluid manifolds fornmed therein and
a plurality of vapor inlets fluidly coupled to the fluid manifolds; and the
dryi ng vapor geneWiiiledthesubjdstinventionthall beerwdederibedowitth eeféfericeutbd

mani fol ds. 43. The apparatus of c|aim 38 wher tsource f chem ca

A ein the
i ncl udes: a erﬁmre@ﬁmqﬁ'a&@t%amwmhenge&ausm%étﬁ@a onsguidheni cal 30

supply and PHERRY I d i i ; *qgﬁ: 1 ; 39 6
May 20Q@3 a di speniqs%@ghwpp%i%(ﬁl?dggﬁg g(rjrt?}v(%t\‘\?ke C @b}.@lﬁ%%%‘ﬁ%%ee tank, the
di spense t ankngdrspjriticf itlee sdbjent nvention as defined byvhé appentied lolimsa
significantly smaller than the first volune of chemcal; a first valve

bet ween tthe chem cal storage tank and the 5 di spense tank; a second val ve
bet ween the di spense tank and the vessel; and control mnmeans for opening the
first valve for a predeterm ned period of tine to dispense a predeterm ned
gquantity of chemical fromthe storage tank to xhe di spense tank, the
predeterm ned 10 quantity corresponding to an anount needed to carry out a
process in the vessel, and further for opening the second valve to



di spense the predeterm ned quantity fromthe di spense tank into the vessel.
15 44. The apparatus of claim43 fur_tg'@[ i ncl udi ng a secondaBydyl2008 source
fluidly coupled to the dispense tank,"and a third val ve positioned between
the secondary fluid source and the dispense tank, the control neans being
further for controlling operation of the third valve to permt a secondary
fluid to mx wth the predeterm ned 20 quantity of chemcal to forma
process solution. 45. An apparatus for drying an object conprising: a
vessel having an gpening; a lid formed of a plurality of walls joined
together to &AMS: 25 bot t ond ess encl osure, the lid noveabl e between a
first position sealing the opening in the vessel and a second position
permtting access to the vessel via the opening; a heating el enent coupl ed
to the walls of the lid; and a source of drying vapor fluidly coupled to

the vessed. 30 A metfiBd of Grdfing2RiBddfng TEs@PasY &f 8§ oBfect) ai m 45, wherein.
the vessel includes an inlet, and wherein the apparatus further conprises a

source of rinseonpriging thg stepscfupl ed to the inlet. 5 47. The apparatus of
claimd46, further conprising a, sour Q rocess . .chemcal f1uidly coupled
to the inlet. QQ{ PHAYE 'Bgﬁa‘fe%isﬁlsf"%‘fagfeﬁs%oﬁﬁ %&?an'r}%g sVrefggg'l further

i ncl udes a dunmbperposity fﬁﬁmdct'tﬂag)rb@éﬁiﬂmmlh@ﬁle@éeﬁ he vessel and a dunp
10 door noveabl e between ari opened condition permtting discharge of fluid

t hrough the dunfe) disehargingathe pravess dwic tnoh theovessehlleanjng iiesidualp openi ng.
0 A BRSSOk 5% PSS flaty Y phiebieeds] Lss 2 drvi g 15 vapor
aryi ng vapor i o] et AsgrgnBARgbRiceSs Rlictah T Veteah FirBdclp SEYEE.°) o,
e g e %
encl osed chanber . ing vapor prevuous?y Sxhalsted from1Aa vessel, the dcrying vapor
condensing on the surface of the object and reducing the surface tension
15 of the residual process fluid, causing the residual process fluid to flow off

of the surface.
2. The method of claim 1 wherein the process fluid is deionized

water.

20 3. The method of claim 1 wherein the process fiuid is hydrofluoric

acid.

4. The method of claim 1, further including the step of introducing a
heated gas into the vessel after step (d) to volatilize condensed

25 drying vapor from the surface.

5. The method of claim 1, wherein
the method further includes the step of, prior to step {b),
generating the drying vapor at a location remote from the vessel; and
30 step (d) includes the step of using a carrier gas to carry the

drying vapor from the remote location into the vessel.



25 - 40a 6 May 2003 51. A nethod of treating and drying the surface of
an object, conprising the steps of: Qq% providing a vessel amduaf2dgzast one
obj ect having a surface; (b) exposing he object to a process fluid in the
vessel; (c) performng a quick dunp to discharge the process fluid fromthe
vessel, |eaving residual process fluid on the surface of the object; (d)
after discharging the process fluid fromthe vessel, introducing a drying
vapor into the vessel, the drying vapor condensing on the surface of the
obj ect and reducing the surface tension of the residual process fluid,

causi ng t he besThiualethod ofsdaihh & dhewini ow of f of the surface; and (e)

purgi ng the drying vapor fromthe vessel whil e maintaini ng the pressure
wi thin the vessHpPdR) Birthgrontovides s shagdishdividly) ecaunled o tha veseabd of

treating and_dryjng.the surfac f I fising the steps of: (a)
providing a 5@%§éf%g_ﬁ5 pgtSch_’ aeéf’egﬂ%%ﬁbf@bﬁﬁ%\)’%ggaa surface; (b) exposing
the object to anel gBHFafREBERINMLEES thé BﬁepVSﬁF\Sbtiﬁ? ald€ig t he object; (c)
introducing a rinse fluid into the vessel to rinse the chemcal fromthe

vessel and fcompdundswithir ¢hefchahdbenipguoduée thedryiogrnwappraagdi ck dunp to

di scharge the rinse fluid fromthe yvessel, |eavin esidyal rinse fluid on
the surtace of %@ (ghjngiudes passing t&f*"t‘é’"%ﬁ g_h L %Hb tliﬁeclhqrﬁé%" ¥ uid from

t he vessel, | i LY/ Y o ssel, the drying vapor
condensi ng on %"qugﬁjr Pg%rg tg]g é'ﬂg‘gogjg‘g%rtlhggnghé ggﬁ%ﬁahg the surface tension of
the residual rinse fluid, causing the residual rinse fluid to flow off of
the surfaces; and (f) purging the drying vapor fromthe vessel while

mai nt ai n18g theThe@aethod of claim 1, wherein the method further includes the

step of reclaiming drying vapor from the vessel and condensing

the reclaimed drying vapor to a liquid form.

8. The method of claim 1 wherein the drying vapor is formed from

15 isopropyl alcohol.

9. A method of treating and drying the surface of an object,
comprising the steps of:

{a) providing a vessel and at least one object having a surface;

20 (b) exposing the object to a liquid chemical within the vessel to treat the
object;

{c) introducing a rinse fluid into the vessel to rinse the chemical
from the vessel and from the surface of the object;

(e) discharging the rinse fluid from the vessel, leaving residual

25 rinse fluid on the surface of the object;

(f) after discharging the rinse fluid from the vessel, introducing a
drying vapor into the vessel, the drying vapor condensing on
the surface of the object and reducing the surface tension of
the residual rinse fluid, causing the residual rinse fluid to flow

30 off of the surfaces.



wi thin the vessel at or above a subatnospheric level. 53. A nethod of :
treating and drying the surface of an.ofpect, conprising the sigp2008: (a)
provi ding a vessel and at | east one object having a surface; - 40b (b)
exposing the object to a process fluid in the vessel; 6 May 2003 (c)
performng a quick dunp to discharge the process fluid fromthe vessel,

| eaving residual process fluid on the surface of the object; (d) after

di schargi ng tHs priduesethodiod dlaiom frthersiseludingthedtep nff a dryi ng vapor
into the vessel, the dryi vapor condepsing o he surface of the object
and r educt ng- AR o ertel Bast INtAGNG ELaBLRItBF Stah P NRIStlARSi g t he
resi dual proces i . t ce; and (e) introducing a
heat ed gas i nt oé?ﬁg%%soggﬂlggygg’%tfg%)m(é(ijl')% %‘!)H%/%'ati | i ze condensed drying
vapor fromthe surface. 54. A nethod of treating and drying the surface of

an obj ect) congri sing the steps of: (a) providing a vessel and at |east one
obj ect hawi ngl b sufheimethed)ofesipivei Sgwhieegiobj ect to a |iquid chemi cal

within the vessel to tr the .object; (c) introducing a rinse fluid into
the vessel to rit'h"sé“?th@%gftﬁ'ém%é!‘c ﬁQ‘%gt?Bs‘gelp”Qﬁ@%F%Pn“P)he surface of

t he object; ( - Orn J ol i fLud from
the vessel, | a@ﬁqﬁgﬁggg%gﬁgﬁg?%gé ?#gﬁga%ﬁ% E%p'gﬁ??téﬁﬁg V{gﬁgelbgj“gct; and
(e) after dischatep (d) inbRudesntie $lep 6f G5iaG 4 barriksge) to tawry@deci ng a drying
vapor into the vessel, the drying vapor condensing on the surface of the
obj ect and r ediyinghyapae from the semateilogation inte thesvessel. rinse fluid,

causi ng HE)e residual rinse fluid to flow off of the surface; and (f)
introducing a heated gas into the vessel after step (d) to volatilize

12. The method of claim 11 wherein
step (a) further provides a chamber fluidly coupled to the vessel,
the chamber positioned remotely from the vessel;
" the generating step includes the step of heating a drying
15 compound within the chamber to produce the drying vapor; and
step (d) includes passing the carrier gas through the chamber to

cause it to carry the drying vapor into the vessel.

13. The method of claim 9, wherein the method further includes
20 the step of reclaiming drying vapor from the vessel and

condensing the reclaimed drying vapor to a liquid form,

14. The method of claim 9 wherein the drying vapor is formed
from isopropyl alcohol.
25
15. The method of claim 9 wherein the rinse fluid is deionized

water.

16. The method of claim 9 wherein the method includes the step

30 of rinsing the objects in ozonated water.



condensed drying vapor fromthe surface. 55. A nethod of treating and
drying the surface of an object, conurggi.ng the steps of: (a)NMapa00d ng a
vessel and at | east one object having a surface; (b) exposing the object to
a process fluid in the vessel, the process fluid having a liquid |evel; -
40c 6 May 2003 (c) discharging the process fluid fromthe vessel so as to
drop the liquid level of the process fluid to an el evation beneath the

el evati on of 17he Thefmaethod eftwlaing 1@sindluding tbe step of vindinghthehe surface of
the object; (d) after _discharging the process fluid fromthe vessel such
that any renai rbieeY Wity ezanated rinsefiuigpriardesstegrid) ower than the surface,
introducing a drying vapor into the vessel, the drying vapor being
substantially free of vapor previously exhausted fromthe vessel, the

dryi ng vapor 1gondengieiHodbfitheatiy bAd Urfing e QRifeSE ofBH disjeeci ng the
surface tension of the residual process fluid, causing the residual process
fluid to 51 ow oddmpfisingethewstepsaf: 56. A net hod of treating and drying the
surface of an opject, conprising the steps of: (a),providing a vessel and
at | east one ob@‘té’f"‘ﬁﬁ!ﬂ%@ vgsgely faa'i?é‘;‘m(eb&haéﬁ 6%§'HE’.'Y ﬁ@“B[ﬁdeg)t by a 1iquid
chemcal withint t t i . +l ing a rinse
fluid into the velggrg}lﬁ?@edrrp#gg \{eﬁsgﬁléh%% %g‘e%ﬁ 8&@@%&%@%&‘1&%(1 fromthe
surface of the objsgefacethe rinse fluid having a liquid level within the
vessel ; (d) discharging the rinse fluid fromthe vessel so as to drop the
liquid Ievel of(k}ieeatingztwsobjest dising arwet praaessmgopresgdire butsitievat i on of

t he surf?8e, | eavi P.g residual rinse fluid on the surface of the object; and
(e) aftelVdi schar ghRyeasae! tPriredpes ;g wet Ahiednandad sesidyahPiosgssany
remaining liquid Ifﬁﬁ&'th. Al an el evation | ower than the surface,

i ntroduci ng a drying vapor iI‘'nto the vessel, the drying vapor being
substantial ly f(&)epo¥itivaipgrtherwet @bjdat inxthausisedl;f rom t he vessel, the
dryi ng vapor condensing on the surface_ of the object and reducing the
surface tensi on{dfganasatiagiaideying iveper in thel chaebkarngn€he resi dual rinse

fluid to flow off, of the surf.aces. .57. A nethpod of treating an rying the
Surface of an olflRessg Aarieh ges HBydhy I, pREmBey s e Yedah ) o
vessel ang at | easgarpiee ol &frkyiRg\thedr in?’%;%ief’ ofPiheEERARLBL HtBe obj ect to
a process fluid in the \?gssel fyl6§l\/ay 280 (c) perrforrri ng a qui‘ck dunp to
di scharge the proctsesvéssdl dtHe drginerapes cendensingson thesutfaseodrttie, | eavi ng
resi dual process fluid on the surface of . .

object and reducing the surface tension of the residual process

fluid, causing the residual process fluid to flow off of the

surface.

20
19. The method of claim 18 wherein step (d) includes heating a
drying compound within the chamber to produce the drying

vapor.

26 20. The method of claim 19 wherein the drying compound is

heated to a temperature below its boiling point.

21.  The method of claim 18, wherein:
step (a) further provides a lid for the vessel, the lid including at

30 least one inlet;



the object; (d) after discharging the process fluid fromthe vessel,
introducing a drying vapor into the vessel, the drying vapor gmageossd ng on
the surface of the object and reducing 34e surface tension of the residual
process fluid, causing the residual process fluid to flow off of the
surface. 58. A nethod of treating and drying the surface of an object,
conprising the steps of: (a) providing a vessel and at | east one object
havi ng a surfacg. i . Iect |.L e ] W thin the
vessel to treat %%%Bﬁé?@ﬁ%)’ﬁgﬁggg&ﬁgisrtlggé)?rsfah@gé ?T%P’gg%eqnﬁlos't e vessel
to rinse the tpBaid: Gd from the vessel and fromthe surface of the object;
(d) performng a quick dunp to discharge the rinse fluid fromthe vessel in
| ess than 5 secimstep (edatherprries gdsaindr duyieg Vapodawnpassedsiotd doe of t.he

obj ect; and (e%ﬁéaft,er di scharging the rinse fluid fromthe vessel,

i ntroduci ng 45§l W@ ‘i}'!fpéﬂqaﬁg@"ﬁﬁgle\?égﬁp,"%he dryi ng vapor condensing on
the surfage of the object and reducing the surface tension of the residual
rinse flurd, causing the residual rinse fluid to flow off of the surfaces.
AN, LA A9, AR, AsTive théthodlad cibihly1 A9WR8fei-the drying compound is

@Q.. As(S% AsN. AsN@®. A" aS. AS% AL(. AsN. ANy. ANy. A; @6 Aay. AaS. AHf . AN

. A(S. AaS% AyaS9iseptpisalachpB. AO@ ALaS. A; S. ALNS. Asf. A" uS. A&@. Au@ AyNS. AL;
f.ANS. A(@E. A, . A(. A e 4; ?EMPR Mei p?AJt

{vpke [ U c”a] ca] ca] c”a] ca] cMa] ca] cal] ca] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] c

ig]Bgﬁ( gﬂ fig] n?gl_é]&(ﬂ’!z&a?leg?‘cog%gﬂ:agﬁcg%gai ca%@gﬁh(égT ggt]c%:daf%rg %ra‘ gla dc?as] ca] ca] ca
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#3#n% YBOB6 &4&VE&EL' ¢ ' " (M V( ( (I)" )h))))2*p**{vql gb] X] c] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] calesadeaping thy tedlaimerhHevingajaper dajakquid fpom} ca) ca] c”a] ca] ca]
calcal **!I +d+| ++++, , ,1/5122] 4246899&<>t AXAANBBOCr CCCEQE{ vql gb] X] c] ca] ca] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca] c”a]ca] ca]ca]ca

I G : < | gb c]ca
o co e o] o oSS e SOt R L L L
al] ca] ca] ca] ca] dajrodcind/iddvedigschitsreve vesgal2aftetSetBys[ (Bf to velatilided| wr mhc”

W gb :
gbl X 15 condensed drying vapor from the surface.

25. A method of treating and drying the surfaces of an object,
comprising the steps of:
(a) providing a vessel and at least one object having a surface;
20 (b) exposing the object to a treatment solution in the vessel, the treatment
. solution including hydrofluoric acid;
(c) discharging the treatment solution from the vessel;
(d) after the treatment solution has been fully discharged from
the vessel and without first rinsing the object, introducing a drying
25 vapor into the vessel, the drying vapor condensing on the surface of
the object and reducing the surface tension of the residual treatment
solution causing the residual treatment solution to flow off of the

surfaces.



UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
]cal]caljcalca W]caV]ca W]ca]ca 'd)d, 5 6 May 2003

dxf zf [ fjfghl | % 7npprsvt vwMwz} } ~O+j }X-Sﬁl d _ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca] ca]calU c a] ca]ca]ca]ca]ca]ca]ca]calca]ca]ca
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UV] caV] ca condensed drying vapor from the surface.
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10% & () - &10%n% () 0% 18 28l AAEre i ; ;

10U & ()- (;gZi‘é)d% il ﬂ(%ﬁ%éﬂbé lﬁ’?/agjﬁ_%% 1 r%&/ih% fethéd further includes

y_E% 10% 20 () - 96 thstep( of Pécldibbing (dryirigl@adat fromthe0désSe( pndld 10% & () - %6 10%
& ()-gH EY%W10% & ()-%10% & ()-%10% & ()- % 10% & p-.%‘lO% & ()-);c

*gM E% 10% & () - 99ndeqsing the ¢eclaimed drying vapor to a liquid form.
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"()--WI0% & ()--WL10%U & ()-%W10% & ()-"),36l M E%10% & ()-9%10% & () - % 10%
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*0F10% & () - %*:‘:'L%% & ()- %tﬁ‘%%ﬁ %I?- _ehnq%éo %%@%Qi%ré@( -0 10% & () -9
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05 10% & () - % 10%& (A1 A ASA, i . :
NSaeFEY% 10% &% 1%/?%9’){) R 3'('% es,d fdernths veeseloihg Ud inglvdinge®ty os 100 &
‘() - aberuz{| MBle¥&t oMb dnhler:- 96 10% & ()-W10% & ()-W10% & ()-%wW10% & ()-;c
the method further includes the step of sealing the vessel using

30 the lid; and
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reducing the surface tension of the residual process fluid,
causing the residual process fluid to flow off of the
20 surface.

33. The method of claim 32, wherein the process fluid is rinse fluid
and wherein the method further comprises the steps of:
prior to step (b) suspending the lid above the vessel,
25 immersing the object in a chemical bath in the vessel, then
discharging the chemical from the vessel after immersing the

object, and then sealing the vessel using the lid.

34. The method of claim 33 wherein the step of suspending the lid
30 above the vessel creates a hood above the vessel for minimizing

escape of fumes from the vessel into the surrounding atmosphere.
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the lid includes a plurality of fluid manifolds formed therein
and a plurality of vapor inlets fluidly coupled to the fluid
manifolds; and
the drying vapor generation chamber is fluidly coupled to the

25  fluid manifolds.

43. The apparatus of claim 38 wherein the source of chemical
includes:
a chemical storage tank fluidly coupled to a bulk chemical

30 supply and proportioned to contain a first volume of chemical;
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control means for opening the first valve for a predetermined

period of time to dispense a predetermined quantity of chemical
from the storage tank to the dispense tank, the predetermined

10 quantity corresponding to an amount needed ta carry out a
process in the vessel, and further for opening the second valve to

dispense the predetermined quantity from the dispense tank into
the vessel.

15 44. The apparatus of claim 43 further including a secondary fluid
source fluidly coupled to the dispense tank, and a fhird valve
positioned between the secondary fluid source and the dispense
tank, the control means being further for controlling operation of the
third valve to permit a secondary fluid to mix with the predetermined

20 quantity of chemical to form a process solution.

45. An apparatus for drying an object comprising:
a vessel having an opening;
a lid formed of a plurality of walls joined together to form a
25 bottomless enclosure, the lid moveable between a first position

sealing the opening in the vessel and a second position permitting

access to the vessel via the opening;
a heating element coupled to the walls of the lid; and

a source of drying vapor fluidly coupled to the vessel.
30
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5 47. The apparatus of claim 46, further comprising a source of

process chemical fluidly coupled to the inlet.

48. The apparatus of claim 46 wherein the vessel further includes
a dump opening formed in a lower portion of the vessel and a dump
10 door moveable between an opened condition pemmitting discharge of
fluid through the dump opening and a closed condition sealing the
dump opening.

49. The apparatus of claim 46 wherein the lid includes a drying
15 vapor inlet and wherein the source of drying vapor is fluidly

coupled to the drying vapor inlet.

50. The apparatus of claim 46 wherein the source of drying vapor
includes:

20 an enclosed chamber having a heated surface for receiving a
liquid drying compound, the chamber remote from but fluidly
coupled to the vessel; and

a source of carrier gas fluidly coupled to the enclosed
chamber.

25
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leaving residual process fluid on the surface of the object;

(d) after discharging the process fluid from the vessel, introducing a drying
vapor into the vessel, the drying vapor condensing on the surface of the
object and reducing the surface tension of the residual process fluid,
causing the residual process fluid to flow off of the surface; and

(e) purging the drying vapor from the vessel while maintaining the pressure
within the vessel at or above a subatmospheric level.

52. A method of treating and drying the surface of an object, comprising the
steps of:
(a) providing a vessel and at least one object having a surface;
(b) exposing the object to a liquid chemical within the vessel to treat the
object;
(c) introducing a rinse fluid into the vessel to rinse the chemical from the
vessel and from the surface of the object;
(d) performing a quick dump to discharge the rinse fluid from the vessel,
leaving residual rinse fluid on the surface of the object; and
(e) after discharging the rinse fluid from the vessel, introducing a drying
vapor into the vessel, the drying vapor condensing on the surface of the
object and reducing the surface tension of the residual rinse fluid,
causing the residual rinse fluid to flow off of the surfaces; and
(f) purging the drying vapor from the vessel while maintaining the pressure
within the vessel at or above a subatmospheric level.

53. A method of treating and drying the surface of an object, comprising the
steps of:

(a) providing a vessel and at least one object having a surface;
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(d) after discharging the process fluid from the vessel, introducing a drying
vapor into the vessel, the drying vapor condensing on the surface of the
object and reducing the surface tension of the residual process fluid,
causing the residual process fluid to flow off of the surface; and

(e) introducing a heated gas into the vessel after step (d) to volatilize
condensed drying vapor from the surface.

54. A method of treating and drying the surface of an object, comprising the
steps of:
(a) providing a vessel and at least one object having a surface;
(b) exposing the object to a liquid chemical within the vessel to treat the
object;
(c) introducing a rinse fluid into the vessel to rinse the chemical from the
vessel and from the surface of the object;
(d) performing a quick dump to discharge the rinse fluid from the vessel,
leaving residual rinse fluid on the surface of the object; and
(e) after discharging the rinse fluid from the vessel, introducing a drying
vapor into the vessel, the drying vapor condensing on the surface of the
object and reducing the surface tension of the residual rinse fluid,
causing the residual rinse fluid to flow off of the surface; and
() introducing a heated gas into the vessel after step (d) to volatilize
condensed drying vapor from the surface.

55. A method of treating and drying the surface of an object, comprising the
steps of:
(a) providing a vessel and at least one object having a surface;
(b) exposing the object to a process fluid in the vessel, the process fluid
having a liquid level;
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(d) after discharging the process fluid from the vessel such that any

remaining liquid level is at an elevation lower than the surface,

introducing a drying vapor into the vessel, the drying vapor being

substantially free of vapor previously exhausted from the vessel, the

drying vapor condensing on the surface of the object and reducing the

surface tension of the residual process fluid, causing the residual

process fluid to flow off of the surface.

56. A method of treating and drying the surface of an object, comprising the
steps of:

(a) providing a vessel and at least one object having a surface;

(b) exposing the object to a liquid chemical within the vessel to treat the
object;

(c) introducing a rinse fluid into the vessel to rinse the chemical from the
vessel and from the surface of the object, the rinse fluid having a liquid
level within the vessel;

(d) discharging the rinse fluid from the vessel so as to drop the liquid level
of the process fluid to an elevation beneath the elevation of the surface,
leaving residual rinse fluid on the surface of the object; and

(e) after discharging the rinse fluid from the vessel such that any remaining
liquid level is at an elevation lower than the surface, introducing a drying
vapor into the vessel, the drying vapor being substantially free of vapor
previously exhausted from the vessel, the drying vapor condensing on
the surface of the object and reducing the surface tension of the
residual rinse fluid, causing the residual rinse fluid to flow off of the
surfaces.

57. A method of treating and drying the surface of an object, comprising the
steps of:
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(c) mtroducmg a rinse fluid into the vessel to rinse the chemical from he
vessel and from the surface of the object;

(d) performing a quick dump to discharge the rinse fluid from the vessel in
less than 5 seconds, leaving residual rinse fluid on the surface of the
object; and

(e) after discharging the rinse fluid from the vessel, introducing a drying
vapor into the vessel, the drying vapor condensing on the surface of the
object and reducing the surface tension of the residual rinse fluid,

causing the residual rinse fluid to flow off of the surfaces.



