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CLEANI NG AND VAPOR DRYI NG SYSTEM AND METHOD Thi s application clains the
benefit of U S. Provisional Application No. 60I103,802, filed Cctober 9,
1998. 5 Inventors: Tamer Elsawy, R Mark Hall, Josh Butler Field of the

I nvention 10 The present invention relates generally the field of systens
for processing and cleaning objects requiring a high | evel of cleanliness,
and nore particularly to a dryer systemand drying process for drying such
obj ects using a drying vapor. 15 Background of the Inventi@n(n certain
industries there are processes that nust be used to bri ng Q§ ects, to an
extraordinarily high | evel of cleanliness. For exanpl \M\ﬁ @%rl cation
of sem conductor wafers, nultiple cleaning steps are t m uired to

renove 'inpurities fromthe 20 surfaces of the vvafers ore -subsequent
processi ng. The cleaning of a wafer, known as surface preparatr on, has for
years been perforned by collecting rrultlple wafers into a

subj ecting the batch to a sequence of chemcal and ri W
eventually to a final drying step. A typical surface n procedure

25 i.nvol ves bathing the wafers in an etch solution of HF ag@Cl to renove
surface oxXi datlon and rretafllc |rrpur|t|es Aftervvards the wafers ar e

chemcals fromt he vvaferspoﬂ'hﬁgpymgswmeaf@Nmﬁ dr| ed usi ng one of
séveral known drying processes. 30 Currently, there are several types of

t ol s afeesmed iddbatifyStmes prrty t theREton the frant wges pfjpargpliers publishinglinténatopal pupliqadonatnicp the PCT.
progess, MLhe tool nost prevalent in conventi onal cl eani n appl.i cations is

t heak Mibai on wet cl eghi n&anl atform or o wef=fench. " In oV3yeay
plosessimgy, a : 2FR OuRly 2003 bat chwo of wweth@r s i s di pqsed spil0 a series
of oc vessel s re tain vesse o ain chem cgfts d for

cl eggn o&%ﬂl M;thtl\(l)\gg, wh,.f( ﬁ, ot hers cg‘gt am,gghm zed \raﬁter-ro "D") for
tFel"Fl n8yeg of these GHemdeml s from t hempafl Bremur f ace. Ngﬁgsommmenergy may

bd B¢ i nfilded to the Bf e@ysing pi ezoé‘f‘ecmm hsducels cliTed to
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one or nore of the vessels in order to nore thoroughly clean the wafer
surfaces. In the final process vessel,_ghe rinse fluid is re@M&d2003m t he
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 the vesseNAFERNCLERRINGAND VARORADRYINGeSHSTEM ANDi HETHODapor - gener ati ng
region of the vessel 15 and is directed into the processing region, where

|t rempves vt er fflﬁ’n@‘ﬁ%&%ﬁéain{r i ggé{éﬁ‘tgo G?@.”Pioﬁg%‘nohél hi ghl y
"R

Co <i ngl o_vodhBPhaasiy BROeNBIREGF L9098 11 nsing, and dryi no

can be caPried out in a single vessel. 20 Environmental concerns have gi ven
rise to efforinyentorshpfamer isawy Reblatkilaly JoshaButlerner that ninimizes |1 PA

usage. One such inproved drying technology is the Marongoni technique,

which is illuskibeehs fmidcal ly in Fig. 1. In one application of the
Mar ongoni techni que, an vapor is condensed on top of the rinse 25 water

containing the wafers while the wafers are slowy lifted fromthe

processi ng vessel._The concentration of the dissolved vapor is highest at
t he waf edOsur f aces T Be fHasejBventiondglaing asneraly thefigldqf sveterngfon, e

spaced from t g, walfy eér’,i’rf ]t::ﬁeca?\%ag ?giegéiggeﬁé}ﬁikggaﬁhfﬂ‘?\”l%,'\:QPof’?Fe%ﬁﬁ‘ﬁ@ as I'PA

concentration i ncrea e s ens the water 1s Tdwest at

the wafer surfagenofepartichtarlyPfo %Odl%ﬁhvatérﬁ%nidsdﬁ?ir@"Fﬁicesgher gefiagntration
gradient thus results in -3 6 May 2003 "Marongoni flow' of the rinse

wat er away frouch lebjentsfusing acdrving:vapesrs as i ndicated by arrow A, Rinse
water is thereby stripped fromthe wafer surfaces, |eaving the wafer
surfaces dry. Another application of the Marongoni technique is described

in 5 U S.4dat Mesennel 1), which describes a single
chanber s1yésteBa = %ogaﬁtt(?%é and drying wafers. As described in the

patent, a batch of Inafeetain irsdydtiiesdherd areapceeses thaisadsy be askd tand
process fluids are passed fromtop to bottom sequentially through the
vessel . The niringobigetnta apmrtegerdinariy high leyel ok claaplingss.e£er di spl acenent

drying" to dr e e tipal ] Iyl tep.is
acconpl i shed y?glta%'gﬁ{q Bff ﬁ%@ﬁ\a&}o\?‘agéFgﬁ'ﬁ?é%d&%ggﬁw%ﬁ?%' H\@ge ssel as the
rinse fluid i isdriifbstepsars typicaRy FE4uiYeP e rendRE ampoiritias fiaadkeng rinse
wat er and condenses on the surface of the rinse water in the vessel,

creati ng R@r orsywiaces| aftheswiafers betoresubsequeritaprosessing. t Hire cleasitiong ri nse

water and resulting jn dry wafers.,L Wil e providing . satisfactory dryin
fesul te and r IR RTSF PAIGWRCES SHFACE ATeRRTad0ByNEE ARENPATS BEST et hod

VeS| he oA ORIy BRIy SR o BSRS SR shbpotig s
rinse fluid inhehigatch to a sequence of chemical and rinse steps and eventually
to a final drying step. A typical surface preparation procedure
25 involves bathing the wafers in an etch solution of HF and HCl to
remove surface oxidation and metallic impurities. Afterwards, the
wafers are thoroughly rinsed in high purity deionized water (DI) 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



process vessel, it is not adaptable to systens in which rinsing is carried
out +n a separate vessel and then transerred into a drying &

Moreover, the rate at which the deionized water is drained fromthe vessel
must be closely controlled to achieve full benefit of 25 the Marongon
effect. In a cleaning and drying process described in U S. 5,571, 337
(Mohindra), wafers within a vessel are exposed to process chem cal s and
subsequent | y bateisefi wafers 'S\/\ﬁlipﬁledtlﬂtor érﬁ%‘@srcéfspf@@&ﬁs VesRelsameeras t er

, | P | h
Fl ow o' omoGErAHEERAIG SparEn e R s st JiferiSad o A1BR TodPuoft.cani g
step invol vegyid Sﬁ{érg%oﬂ:ﬂaslhstfélm% WEle? t’b?’) for tl4e Tirf3inG Bt 2Qfsk vessel

while the D rinse water dralne creating Marongoni flow from
t he waf er surcheaadsalsnromt the watedsurface. nMaegwcmlc eAergy thaygbéo t he patent,
if the rate at which the rinse water recedes is carefully controlled, this
flow can Pe naparied toathe wakaisgusing piezaalecirisstradeguqers maumiedid® er surf aces

and results in cleaner ers addition icles fromthe

matere the iabecoRRTe atIhe ek BidRbR® b8 HERBUBENLEERAINE | b arount
of rinse wat %aierrognrhr&swaahefh% fikkSPégess W@Bé‘él HOPNEbFINgNEI N on the wafer
surfaces at the end of the | PA step, and hot nitrogen gas is 10 directed

onto the waf eemdvedefrapotie w&fbesuéacelmming/vatsaﬂvmosncé't as ist¥propyt hi s
process is desirable in that it reduces |PA usage over conventional drying
processes, t fRicoRali@RAB). kAels an Sp9aNie séﬂﬁ‘ﬁrlﬁlﬂ\@ﬁ’é?l'@ vEetthgt they rmay

| eave i n‘ﬁ)BI’I téL&?%Fceén éﬁ(gy\% t%prfaces An obj ect of the present invention

is thus to pro F'5Ved dryi ng nmet hod and apparatus which is

t horough, which mmméWvaWmemedeﬁnbewncm S sp&tedING.adapt abl e for
use in a variety of surface preparation systems and processes. Summary of

the I nventi on5ﬂﬁ%%t%menupﬁamwmﬂaiemhmom intpsa eaalledr treating

and drying the su face of ect. Accordi.ng to,the de crib nmet hod,
with a wet obY@tse ﬁGgiF?‘FB‘?iéP the progassing ’%'Bgﬁfn@ ﬁ:&?oduced i nto

e ol Y S B Ioftrn g o

reduces the sur ace tens |UI causi ng the

resi dual 18 ocand if ditedtddiritbaeqirbcedsiheegion, c’Wﬁ‘ere| i reﬁm\@amdtérent wet
processing of the object and a subsequent evacuation of process fluid is

carried out ifronmgheavaters prT h!ﬁ dryjngriechaelogyds highlyneffeetivein vapor. 30 -
ViEw of & vt LTeURaRTEAEY b Barbar o NaPbagsly crealfyfoh el o "
surface duri nge%él%m&hsqﬁMH&méI%ﬁ&?Bro&sﬁr% rndifgPaf@ WYRY an
representation of a first enbodi nent of
be carried out in a single vessel.
20 Environmental concerns have given rise to efforts to improve
drying 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



drying systemin accordance with the present invention. Fig. 3is a flow
diagramillustrating exanpl es of procegs steps which nmay be gandy Z3out
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
vi ew of the "Msiomgonetiewl” of tHe gnsdAvates away from the susfasestafrtheer specti ve
view of the vessel, .in which the lid and dunp door conponents are not
shown. Fig. \safegsawsimawébvwr@m& t IRinse Watgr iscthesebystiipred 4A, showi ng
the lidint eclosed 03| I on. IS a oded vi ew of the drying
vessel of Flfhom tRe \2’6% a,cqs ‘%%‘QQQG‘P&‘@!BP%%W reY lid for the drying
vessel of Fig. 4/anéi Hlifap%ﬁcgtl@ﬁ%fsth@%‘é?&’(g"édlqgcl’{ma% i9TdedchBédin
schematically sequentially lustrating the process of renoving rinse water
and condénsdd.S.HPatf Nus. t4|)913u76hdMaﬁonrh'e}I)waﬂech deschitses alstoiglei t h 25

respect to the first and second enbodiments. Fig. 9A is a_schematic
repr esent at | giarpberssysiem el cleaniagy .rm'rgénérﬁmwm& @h§- cBBnection with the

LSt 2o, <cagp At ESaBon, ( Baf MG 1 B IR ARG, o7 Vi o
chem cal st ogidged Vessél, afill proeess Atiidbrd phesdd ABNEYSH ebRdttdThg-  9A.
sequentially through the vessel. The method further employs a
10  process called "direct displacement drying” to dry the wafers after
the final rinse. The drying step.is accomplished using an IPA drying
vapor introduced iqto the vessel as the rinse fluid is slowly drained.
The IPA vapor displaces the receding rinse water and condenses on
the surface of the rinse water in the vessel, creating Marongoni flow
15  from the wafer surfaces into the receding rinse water and resulting
in dry wafers.

While providing satisfactory drying results and reducing IPA
usage, the direct displacement drying method leaves further room for
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



- 6 - 6 May 2003 Fig. 10 is a schematic representation of a chem cal
injection systemuseful in connection wyth the first and secgifghy 2003
enbodi ments, and particularly for use in dispensing a drying conmpound 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 negsbel whitd theDidindengvarboiseslowly Wiraineds apsative) Mavbagdsi may be
transferred froma separate wet treatnent vessel into the vessel of the
dryi ng syst etovadraindheenvatsrsusfaces into the Jecedingtrinsedwately syst em nay be
used for surface 15 passivatjo cesses .t hat ecede dryin such as
etch, ozone ﬁ?@é&‘“&n‘a’ %re P?#E‘B' ﬁ?%@e@%?tu\gg'qrﬁ{hﬁﬁ%ﬁe W%E‘égésqel‘?ﬁs as well
as for the sy } ccording to

t he present :',én)\?gﬂét*lﬁgi %##ﬂ%gpgggﬁﬁeﬁﬁéﬁgaﬁﬁ{%h 0 Rf;shualr?f ace :
prepar ati®n fpartidles eauayg dramcher watdrsdurbdeess arldhiresults hocleaher wafieeoses of

illustration only and is not intended in a limting sense. The system and
met hod of t hdnmdsition to eleaning pastieles Jrem theswiatens, she dargegophflevner

obj ects for ich hj | evel of cleanlin i s needed. Exanples of such
ot her objects 4 ﬁ'bee!ig%&{e%lr%mﬁ&aslq %"g&%ﬁgi Pﬁ‘&?“ﬁé’ﬁél"sﬁi‘g%{ys, 25
optical and nReReiHeCwatsR dHBI liet K vatah dralietLraakin: orl y-.ék}\Pé»be' al so be
noted that, although referred to as a "drying system and net hod” the system
and net hod ofsurfecesratsthe end\of ithedRAsstepadingt shhet hitrogesregas i vari ety of
applicatigns, which may or may not include chem cal processing and rinse

steps. 300t qicecipd PMigithgowe StﬁQa?YaRm?F%ﬂi‘%bﬁi@WIWa?%cﬂfép%(tsi PA") is

identified hqrﬂﬁ!. e i C illLzed in - 6
May 2003 the sy"{éet?'}]?s bﬂcgce% (a'%gdr\etrs(ﬁigg\%mﬂga& 1?288(;%5[}%{ W_E)%?éﬁaglbg'zfor use with
ot her drying somRshtivHal \RPRGSproReskes) theOlesiRiet WwaRed droplefieafdit ure. Such
alternatives are considered to lie within the scope of the present

i nventi on. Exprgilewatindhitbet théne may leavednpasritiesconpibe vdafeb suirfaees PA,  as
wel | as nethane, HEE, aqther al cohols gnd ot her, substances that are

substantial l'y freePBrobjarhpf the presentdnysntien is thus teiPrevide #h and
nitrogen.qegstr - A i i f System
accor di ng1 5t o] Fﬁ%“{o\@gs%l':tlﬁim%gg%@gbp%%&%?gﬁ@qggﬁgﬂ%{#éﬁ P'f/‘k’}l'i n Fig. 2.
Cener al | y spesaknimizes soivent iisage: landewhich isnsighty sdastabll fdruseinmaveabl e
lid 14, a drying vapor generation chanber 16 renote fromthe vessel, a
cheni cal i nj e¥elgl Egﬁﬁ%ﬁéﬁtprGB?'@iW’bWﬁ}GﬁS and Praeess®st i on 15 conponent
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

recei vi ng and Sunapasgiofighe lheéstionf sem conductor wafers. Vessel 12
preferabli/@has an i_nner tank section 18 20 surrounded at its side, front
and rear 4Rl 1s by diheopeasent@pparatusds armethed angosysiamctoritseating t ype

f d ti | rd K | . j flyids t d
over the vessanAvRaS HF isHEleeR ot Ah cBiast AFFoRiNG K5 00 derrlhRd ain 22 1 s
f dinth ' ; Al ' 0 ot f th

| mnor 251 ank "Heods iR W IBEE BoREBaf  Ser R RG IRATEG o1 tne

drain 24. A sdptoducedimiontiRBvasskly Thealrfihcaraporseshdenses b theai nage. A
condenser 32 is provided for condensing exhausted | PA into a disposable
farm A sour céustags ekthg phiest3and educesdihe sfansatensiomof the segiduald 30

inlet 36 Lp the base.,of ,the vessel 12.. The system. e provided with a
(1 ter fofBy | IRreRPeg fDick CHyiEs 2he rafiaudl Brodess i i BRI b aBEe” " 7 g
6 May 2003  gyrface. 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



al t hough many fabrication facilities cone equi pped with separate filtering
systenms that yield rinse fluid of the_gppropriate |evel of pgrmgyyp_o()@uri ng
use, rinse water flows into the vessel, passes through the vessel 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 bott onl essBeet Desudrfiptionltd theddatvingsnoveabl e by a robotic system 44
between a |owered 10 position and an el evated position. In the |owered
position, side waFigs 15)125 asidmalevationtiew of awaler sghemagicellyn 18 and nake

sealing contact with the tank botto while the top wall, 40 extends across
The opant ng. HSHALNGAMEEenGaRS Sk BPt Siuater siiTges SHBPEIMARIGSSE val | 40
preferably rrajf‘@ﬁ ﬁﬁ%é&%s‘?o”t act with the sidewalls formng the 15 vessel
interior and o e?f ow welr sections. This arrangenent prevents vapors from
escapi ng §rom t heFirs2 ¢4 adithientatiy psperesemtatioansf a firstl anbpdenvert of any gases

or particulate matter that nmay be in the surrounding environment from
passi ng i nt odfYieg\system in acaoidante yith the peesansinvemion.i d 14 is spaced
fromthe vessel 2Q.12.b suf f.icient, distance to allagw wafers. . Won a wafer
cassette 46 to be TR IRV BRI ANGIEATTY SriPale doritess Steknor oo
system 44 mayye [ - |drdi gkt bCid 8xi s

bet ween t he Ioﬂepggggrﬁjééﬁgggoﬁglﬁppgﬁg.drpitnb?rsa tgﬁ‘t%e(?na' 1 vel yqbe
configured f durimgl an HFlast tetchierihse, sandidry presesist i on the [id 25 above and

to one side of the vessel opening for novenent of wafers into and out of
the vesstP. As wi tilg¢ fid ipe segssisectianal fiantMewsok adrdngoressehit eri al t hat

isinert tot cess.chemcals that will sed i.n.t .em The lid
is further ecia | Sgée W m&hﬁhrgeéﬁsr?ﬁ&s";g}\é?r\grlm’htgﬁe#ﬁeﬁn‘e'gﬁnasgﬁez%%gl idwalls
40, 42 at an iml,ﬁy@ﬁ@qio&@rgmgaéygtgm 86mgonkntde di scussed in greater detail
with respect to f=ig. 2, heating the |lid is beneficial in -9 6 May 2003
that it mninmzes kgydByisvapurssesentionshtendrview ohthd dryinguvesséliof | eaves
nore of the dlj_:gl a%bvapor avai | abl e for condensing on the cool wafer
surfaces. Thi'd3affows drying to be carried out using a mnimm of |PA or
ot her drying solv ) , nee| of for
eating The i d g &% R Helto BB RVS LR of e LA RE TN UL 1
system of heatHenkd ahdrdurhp dodrastslagonentsharewsdt sholn. 42. fn a preferred
system these heating elenments are fluid conduits 48 coupled to a source 50
of hot fluid, suchFigs hisapeexpladad view ehthe drying \fe@a@leqp F®.- A d i s

circulated th LL Sl |ls 40, 42, heating the walls and
keepi ng them ga'? aﬂ"g’eﬁg?/ﬁﬁgg%bér%ég%% E?E&%\WM ch is preferably selected to be
above the tenperat g ®fs bixpldded Ulew &f thediryng vessel bhFigVf Rl S) .
Naturally, the specific arrangenent of the conduits 48 within the walls 40,
42 is noQritical Figol inay expleded vipvarofdhgdidefar the dryiegueessel of ci rcul ate
the heated liguid through the walls in a manner which maintains the walls
at or above th¥- ired el evated tenperature. As another alternative, the

|10y be heat ed adicghsd oph LIAAERuIHERTiSRs UL W, SeNIRGRGHN] e | 1Y

Top wall 40 of the dls_equ one”of nore Tnlets at are
used to introgdugaenaay flustixRingthe/gedttlss of YeRfoving finse water and

condensed IPA from the surface of the wafer as described with

25 respect to the first and second embodiments.

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.



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

oxi dation of wafers inside the vessel gs well as the drying6mmﬁgkm3used 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 the wafers andFigaskeid & schbmatiz repeesdratibntdf pohpodes injectieat ed by an
N2 heater 52, which receives the nitrogen 30 froman N2 source 54. Pl unbing

i s provided Svstem uapfy in genneatier withithe Jirshands&condambodinefisn needed
for the N2/1PA draﬁingl@gt :'fp -, 1(19' - 6.|\/a\ér§003 and for df.I gvm . t he heated
N2 directly PREPIHENAHYIOS USRAR ARRENINYG & AVIRO SOMBLYNALINLe VI8 dr yi ng
step. Val ve f % o the I PA chanber to be stopped and
started, andé\gg?{/é%@%{%&#ar lf’fﬁontrol S N2 flow directly into the vessel

via the ypass plunbing. 5 Wien opened, an N2/ 1PA outl et valve 59 all ows
N2/ 1PA to flow fromthe chanber 16 into the vessel 12. |PA chanber 16 is
preferably an el ectropolished high purity stainless steel chanber having a
bottomwall 60 and a heating elenent 61 adjacent to the bottomwall 61 for
heating the bottom 10 wall. During use, a pre-neasured quantity of liquid

IPAi's fed f ruphlisf\DeRBAPYBA lofthe TN aving@ bottomwal | of chamber 16. A
source of roomtenperature s connected to lid 14 and is configured
to all ow gas fromTBmpmeseqtirveritionvisi avapbhdryingsyistemaandhvdthodl. 15 | f

the systemis to be utilized for chem cal processes such as cl eani ng and/ or
et chi ng, 19t rthgt ishighly adaptabls teagewith varigusposessinggasthods.-c6Rponent 68

ol T SRR T S AR AR B S8 P By e o
which case wet objects may be transferred from a separate wet
treatment vessel into the vessel of the drying system. As another
example, the vessel of the drying system may be used for surface

15 passivation processes that precede drying, such as etch, ozone
rinse, and DI rinse processes use in wafer processing, as well as for
the subsequent drying process.

The system and method according to the present invention
will be described in the context of surface preparation for

20_ semiconductor substrates. This is done for purposes of illustration
only and is not intended in a limiting sense. The system and method
of the present invention are equally suitable for use on other objects
for which a high level of cleanliness is _needed. Examples 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



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

i ncl udi ng those which involve chem cal processing and rinse %tI\ﬂWZ rried
out within or external to the vessel 12. Fig. 3 is a 25 sinpli | 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 the tysteasrthe micsgesindfentibe ipreapmily, suitable foranye evigmt prior to
the monent at which 30 the wafers are ready for drying. Step 200. |PA vapor
i s created whthfrfirying compeonadsaiapess PpW kpewn agdavelpeeddadbeed quantity
of - 11-,.6 My.2003 . 1PA liquid onto,surface 60 .0f chanber, ichis
heated by heldihg Shehanernveh s ssne A0 Sl PIAERs ofthe
tenperature I S id } i 1 is 82.4 C
at 1 at nosphgt%e?ﬁa@éét/qtﬁfgﬁt E%Q@Aé%‘ﬁwccﬁ’tg%%ggg?rﬁ@él? fatto Feﬁ%ritg\%hi C l;}'II';HAé vapor 5
i s gener & edlikadPAhus wealpadirhethanke HRE) athsr altobels agd atlense | PA vapor
cloud. The process preferably begins with [id 14 positioned away fromthe
openi ng in t Rubst@nses thaharepubstaatioly frse ef pelar aroagicveempPAuURES d conduit s
48 to heat the |l s 40 42 of the |lid to a tenperature 10 that w ||
pronote | PA \'f?fdg m@oz?{(ggﬁsaﬂq B8 he wafer surfaces rather than on the
lid. DI flowinto the vessel is initiated, while etch chemcals (for
exanple, HF and HCl) are sinultaneously injected into the DI streamas it
flows into the vestarcture- fFirst Emifsodipestl Wi th an etch sol ution having the
desired ncentration. Step 204. 15 A wafer cassette 46 (Fig. 2) carrying
waf er s V\ﬁ;s | oner &¢n¢ ﬁmschﬁ@e%%é SY§18Tpasreiding &0 dRe tHeSeRY er  support 47.

Csueh s t he Ipddntich B BhstfRYG sty Radc BT, ERL 2./ TRARAGHY B8R0 V1 Ch° ey
but need not digtedNBOSAETBAES aXMEeIBrPdEsidl 1214 AbieRbld MO 48 20 vessel

via inlets 50 to purge the systemof air. The wafers remain inmersed in the
process chenidrying Yapomgenarationechamber prieowbteffrommheaessebdad to conpl ete

etching. Step 208, .the end of the ch period, rinse flujd is punped
into the vess‘ﬁ?erﬁ'faﬁrﬂe‘?tl'ﬂ'bf’%;@,”‘&ﬁa %s@’h&ééaﬁ‘?ﬁﬁné ﬁ%‘ﬁBVEt'Iq“ow weir 20 and

25 out 't e ovghbBNeAE 300 aRE vaPloRll drbths bhaaie?é QEECAAR fn bradlepi Ted. the

waf ers are next finsed using ozonat wat er. Step I's may be
carried out bgetailjbetdbiwng ozone into the rinse water via a separate inlet in
the vessel 12, or into the D stream using chem cal dispensing conponent
68. After the ozoné&hgirinse/driyiressel 12issa REpcESsARRsPhabany ghizeandf i ci ent

period of Ui Mendge LERBOUARL YoElDRG ANF pIBLESHE AbARRE ddinicThBRRd af ter

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,



24 is opened to quickly drain the rinse fluid fromthe vessel 1"quick
dunp"). Step 216. Wile the rinse watergis 'being discharged, 6'%3&2%3 IS
noved by robotics system44 into its |owered position within't 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
environnment within the vessel. As discussed, generation of |PA vapor is
initiated w althoughhenampafativioation fiegilities goime edquipped ovith sepatatel y before

A O R AR, O
o he vastBPoPRrPBIaRe i Sy YR FRRIRe Vesstl Sle R P

condenses onthéQessu arlédstaRiesVovdt 1Y iplteridr waB¥RP WallsOtoceHY act . Because
the lid' s 15 walls are heated, the hot |PA vapor condenses on the

rel atively cowerflewaveis 20.athe ringetfluidtexits the weir viadiraiml 22 fort shoul d be
appreci ated that this use of heated walls to pronote condensation on the
wafers al | owS!SA9%%8sage to be mininized, since there is little | PA "wasted"
due to condensati ofy 4. ierRtHled dy & 366Swalt GolBAd YBRPEIEORERS TGS on the

waf ers, breaking the surface tension of water on the wafers and thus

sheari ng t he desosedingtfesmf thentdghevalbdOrtosiorinas @dttoMlesbeneiskupé. t he | PA
drying step, valve 59 is closed, and bypass valve 58 is opened, causing
heat ed N2 t o Thedid dédrisonpyeabledys robeticesysiem 4 Qetween ajownmd d be not ed

that addjti | . inlets 51 1=jg. 2 b iti.oned within th
vessel 1 and s eaf et poRLRS e et netfPE. pierall i (e
drylng Auri nord Bierid Ao thB ST R AarRkASe RIFPY 81 iake MoHIRG JUrRAESS DY
vol atilizing condensed I PA that remains on the wafer and caSsette surfaces.
30 The heat edwnit thasankrbmtesmt ivehiteo tiile nep dvalPAOyxtendp aicadssotheand exhaust s

the I PA through |PA drain 28 into condenser 32. - 13 - 6 May 2003
Condenser 32 Qg stihe fepgfthepvessal qWher BHiv lovyerad thertop wall dsal .

f ds, Ij ' i b io fully dried
e or s and’ oS ARh e il SerRRR W T Ll AR Al B0 Wig i o2 et
the syst ¢e® 10vasselitbHbr BAH cVeMIbW WASE§86G0onsAS THR hrrahi§émenanpl e, the
system 10 may be utilized as a conponent of a larger systemin which wafers

are processedprgvents visporsi from eepapingdropstie vessel duninggwogessingof t hat
type, use of tmhcsiqs%stem 10 10 m ght begin just after the ri ns%?s,t eps, with

wet wafers bef R RLEVeRE,ANY, Ja58s & partcyigte M3HAGNSBRYE PEIR, 226,
216, 218, 2204heldrrodidingéi\iForfmanP m&%&sﬁx@rih% Rhe Wekagies it may be

desirable to skip the HF™l ast step and t se“the systemto carry out an
ozone rinse/rinse/ brthepelkvated pSsitiom, 2Ahd, i 14)is Zpaced fbom2be, vexaal An 15

ozone rinse preduces a _hydrophilic surface on the wafer, whereas the HF
| ast pr o&&s a§3w ab%ﬁflswd?ﬁa@&ec&aléowwafﬁsadwi@awaferrata@seme dryi ng

hhether the wabat® BETRYRrd IE"id Foovel AP spaveiRb iz Robb®¥ co ore ©
Second Enbodi gpsfentid@smal/ bé Ronfighirdd itb alé 3hé lid PEEIKY ankaetiaent of a

drying systemutilizing concepts 1 n accordance with the present invention.:
The second enaxis betweers tise lowered antmaidedr positiohediltady, alderhadivelyi f f er s
fromthe fi rsﬁapenbodi ment, primarily in the structure and use of the lid.
Referring to Pegeonfigured fonmultinaxis speMamentos? gerte peritioadbedidyessel 112

O 20 26, gD BBhE Y BY BBOAND 8 FRGTMEA B W O
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



30 seal the interior of the vessel fromthe external environnent. Vessel
- 14 - 6 May 2003 112 and lid 114 are-fgorned of material s, s yaapod3vDF or
PFA, which are inert to chemcals used in the process environnment. A 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 r eHyatikmirinpiges giryipgrvapsr eandensation s thelidi epd fhesesses
requiring prpcess or ri ﬁﬁqf'“i ds to _cas vessel vvallf. Its

d | ui d

h
he s hrg P BavRS sidrelaf ik g Sahdr REARANE 0L ShodtRaG ot the S0

accunul ation S: i j iR, S?gq om surface

angl ed from %eié\ﬁféﬁ%art@%ag@vﬁoﬁ&qqﬁ%)g,?:edr? gﬁ‘@f" I irads towards a
drain 122 posaiihinuracfalP0be ottt dfyindieoweint. 120. A conventional fill sensor
(not shown) may be |ocated within the vessel for use in confirmng that
liquid | dvel s witNatunally, many systersimayabe conreivedesf fof haagingtheconpl etel y
15 inmerse t fers durin se. . Pluralities of fluid inlets 136 are
spaced | ongi 1B FYSHR TPapdLEery tarahls eiBodesel® BBPDAEISER uid | i ne

134 connect's of nigHiAgiciafets Biidelint MeCi¥ild 425 425 WY ERKGage [Nl ets.

Fluid flowing fromTluid line 134 into cavities 135 pressurizes the
cavities, 20systam,tthegei medtingheleneardsrareffluid conidontst 48 cogpladitochs 136 into

vessel 112. The bottomwal| of inner tank 118 preferably includes bevel ed
si de secti on§OoHEceshG\af ot fuid, swahias beatesh deigRizedrwaterui dhel kgatedr ough t he

S oheni cif oA IS ettt sBREh R ML OB B A0r 45 BebeE 05, To
al I ow pr oces sing hogcahd Keplfy i tsh bivatdd ForRboRtiREMARSNsNeeded. An

el ongate opening 123 is forned in the bottomwatt of the inner tank section
118. Openi ng pigkereblyesulsctiedntp bedboxkl theateomueratgrebokt thenmingd fluid om an ar ea

adj acent to the front of the tank to an 30 area aﬁj acent to the back of the
tank. A dunp YRsgrtorase the waleeslo Natgllyothe specilie reanaemRMP Ik
assenbly 126 CoPffid! e S Yacs0R3 f oor 124
away from openi ng't%zgatvgltaﬂ}l %l.tfl gvatlia@rrp%(?/ ‘?%r%ger?&l’gg?? fcgir)‘ 51J %?,gd%ggg‘%jurt her

cont r ol s 180V esreafigePhesitispadieqliatd 26 dietHatontte héstedDitquid ghikgt the e- seal the
tank. A sensor of a type conventionally used with du door assenblies may

be 5 provi dedwgelis irepimanpaawhiele naripprins she valipat er ébeve thedesirgded i n
accordance w th inhstructions frqomthe, syst.emcontroll.er. en, opened, the
dunp door per?rlleygte&u‘ie&p%ﬁa&rﬁar 8‘3 moetppﬁfhgrqéiglrﬁ,ttﬁg '\5’2‘%‘?&&3 Pﬁ&?dg cat ch
basi n 72 benepy hehf) HRPSHEN ditBEteR SRS GLiEEEs ¥ tR3IAUSt and recl amati on
conponent that 10 includes a waste line 74 that flaws fromthe catch basin

to an acid r wast eTeptwalhidChoh thé lidfie eawippediwdtipanatos réve thletsdshl out | et

128 is pgsitigned in an upper region of the discharge_tank, 72. During use,
1PA vaportl's Hhatareiused i) Inodyicd Yraiedgte tanvenper T8ese iSugh dunp

opening 123 aB\FI’%\}iE'é Qh% N, §4¢ GHed §8 rgrg?thet A sQHFBf %h‘téoe&s Jc@ﬁ)er%\?er{to a

condenser 132 ere It 1s°condense I sposa e conpo s of the

system used t exiRmidhad ewite@oinsiititiy vesselvapaell as tHeldryidgyvagdre t he
vessel are simlar to those descri bed above with reference to the first

embodi nent an#sed toleffeati diyingt be described again. These components are

| abeled in Fig. 20 4A usi ng gunberi that is.consistent wth their
counterparts shown!® QNE §NbY me'@bﬂﬂgﬁ PERSERtinventien  drying issefiedent .

rd 114, Ehcnoul KBl af IS 1PAStog tn el POt CRpd IR, ot ea
to the stage &fesséllsy heatrbPN: dis. THeUIPA 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,



25 (not shown) used to hold the vessel in a process platform Cylinders 117
are operative with arns 116 to pivot thelid between opened Igla b d
positions. Wien in the closed position, lid seals against a f ange 19
mount 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 sad for ¥iwing the heatetioN: diebtly iat0thesyedsel mdveroheedeaxlii t abl e

sealing material, such as Teflq or Chenraz, Aare sitioned on |id 114
and/ or flang&oftite secends hﬂ@teﬂg'ﬁz'e%ymgefpr-o aﬂ‘fﬁaggcﬂyo&fs N éﬁ’l’ilfm&’nd

provides the alieh ARAHSHoRoNRo S PO HARRUI EBEELiniaRy VoS58l - Lid

114 5 is pro ed W mani ronot és unitormf i gas/ vapor
into the vesgntans MW \EikSEthy RitbUeogeste! DiatHd by passsilimblhg.s _
mani folding will be best understood with reference to Fig. 7. As shown, lid
114 is fobmeWbknopaned: ant N2APA outlatdralve |5 allawe Nedi® Aot flow friome 174.
Formed in the un ers"ade f. the top Iatf 170 1 O are a pair of grooves 176
(see al so Fi &hefi)am &k 10670t §'é%t\’eﬁge|f m an X-shaped pattern. Fitting 150

is fluidly coupl edpt0 S rahl il I i on point,
to direct gas/vapgrtApgégﬁ?%;ﬁ?r/%u%rhe%%W %Pt(lﬁ?\g ?é\ (;Ehteﬁemgﬁgy\?gg Bott om

plate 174 hasstaintess staedichanibarataving a BSRoRNWalISBA andRPRéating f ace. I n one
enbodi nent, the grooves include three |ongitudinal grooves 178 and a pair

of lateral grelement B adjapenit tadhadrotgemowadl 81 donheatingthe bbttoma plurality
of small  hol es ich.are the entr oints for, N2, and | PA v r. flowi ng from
Che 1 rd 109 nel urdadisey 5ie-mrbaBire) Gunetivy ot B9PAS Heddaphed

bet ween the t ?‘%gg t een in Fig. A4A

m ddl e plate % Orr%fraﬁéngﬁ%:t@gﬁgﬁoéﬁoarﬁﬁ gd\?fct ﬂ‘tﬂhéée]g?'ooves 176, 178, 180
of the upper and | pnesurieadfeor nenipgeratue Nis66tiveonnactedeaioelid 14f t he
plates creates a pair of channels (intersecting to form an X-shape) between
25 the top anandiigigprafigusedto allaw gasifram saurce $6to Hawningd shevesseln t he

m ddl e and | over Pl ag,gf. M ddl e pl ate includes throughhol es 182 that extend
between its uﬁﬁepeetﬁ ower surfaces. Throughholes 182 provide a path
through wyg ch N2 gﬂstl?élgyét%ﬁ\Y@R?befdntﬂﬁefdrfy?‘éﬂéﬁwi&lsﬂ%EEEEéshWbs30
system through the mddle plate, and into the series of channels forned
bet ween | ower cleaning gnddorestchityy, it80ay furthéi be pBovdaed A8 aTchdmikal i t at e

distribution of N2 and | PA vapor éhro,u hlid 1l 14, throughholes 182 may be
al i gned with CHRPENSING COMRANENEBE yhick-measires REPCeFRCRIUBICHDLBIRS of the

15 181 UMD PSR SRl g8 g

gas/ vapor flow.t hrough fitting 150 into the X-shaped channels forned
between the top and middle plates, then through throughholes 182 into the
system of2@hannel s fornmed between the middl e and bottom plates. Utimtely,

t he gas/vapor flowsnsintqg.the, v |, through the small openings fornmed in 10
t he | ongi tudi nal gr%e'é’g'%bﬁr%?gem?@ﬁ ®@ntroller 184 is el ectronicall y

coupl ed to the |id TREQYSESm dum. 97acibtaBR tor L2S indl @GR! of Ni ect i on

conmponent 68 and the various val Ves and sensors associated with operation
of the syst emappdichtionis¢incdédingsthasegwhitltethviobvegoliemicat prdsedsirgnandi m ng 15
of these conponents to automatically open and close the valves, activate
the lid and duifseistars egfdiedeout within osexgermal §p dbe yegsejabds Fid.c3 is A

bei g car PPed YUPRIREARY HRaEsR ARRBRRGRe 1ff of Jfr ph0BE FSlefid™e®
i T Opr 0cessor Figont AW RIcHAYth AP bRiddt R RARovE BLRG'IPAFATEI afth, BOI se,

| D. However, any suitable process cont conput er can be used. It.should
be noted that amd ireivelsichathecwafers! aregsutstegentlyrinsedntandldrisd. and associ at ed

conponents is not. represented in the draw ngbs only for reasons of clarity.
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



A chem cal injection system 300 useful as the chem cal 25 injection
conponent 68 for the systemof.the firgy and second enbodi rre%tm?%j SpgRhown i n
Figs. 9A and 9B. Chem cal injection system300 is a desirable o 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

chenmi cal - IRA liquid blayo 200Rck g of ichanmes] aicts ighestedesly bgatingcess
controller 184 or bé a separate controller. Referring to Fig. 9A, chem cal
i nj ecti on sy&lemeablli nEhedlA i heated enlsustanead@ to astampe@tuteoupl ed to a

Dt ¢ SRR 39 o S Fh A X AP 4, ot chamer
of the main aag%ﬁgﬂ%ré)h?qggia%%élPR%br%‘éQHé Mé eoétﬁ i WAXa}:Bradd't'Om

a fluid line xt end en the main and side chanbers. iquid | evel

sensor 318 i 9s pedktatedethd thumexpaitdshthelPrdceds, creltingla donged (RA | i ne 310
and to provide feedback concerning the liquid level to systemcontroller
184 (Fig. 4Avabarwdoend.314 extends froma wall of the primary vessel. A

di | 316 | | ed hem.cal | 302 by i 318,
whi ch 1ol udes r ealReBrETR BErAbl SR AihTEE SC5BENe BENY | oned

downstream ofsr @i fHeLEpaiflg iRtHeeddsel, lan@ WithSedtbADIifEUIafing WitGAWNSt ream
of valve 322. A valve 3247 governs flow of DI water from D source 326 into

vessel 316. Aiuidudreluits 48 tadatxthendalls A0M4Ad eptins lid to ssedmpaiatared
I ncludes .a val ve 330 and a reduced flow orifice 332. Liquid |evel 20 sensor
336 is pd&itithasvillprometelPA vaperesendengasionson the wafgr sudaces n | i ne 328

(1 e jonoe. ValalBe il 18R R OBPRAEMH inth o edlbP RN a O ROL ! €
chemicals {for example, HF and HCI) are simultaneously injected into
the DI stream as it flows into the vessel, to fill the vessel with an
etch solution having the desired concentration. Step 204.

16 A wafer cassette 46 (Fig. 2) carrying wafers W is lowered into
the vessel and positioned on the wafer support 47. Step 204. Lid
~ 14 is next moved into a position suspended above the vessel (such
as the position shown in Fig. 2). Nz gas from a source 66 (which
may, but need not be, the same as source 54) is introduced into the
20 vessel via inlets 50 to purge the system of air.
The wafers remain immersed in the process chemicals for a
pre-determined period of time as needed to complete etching. Step |
208. At the end of the etch period, rinse fluid is pumped into the
vessel 12 via inlet 36, and cascades into the overflow weir 20 and
25 out the overflow drain 22. Step 210. If an ozone rinse is desired,
the wafers are next rinsed using ozonated DI water. Step 212. This
may be carried out by injecting ozone into the rinse water via a
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



section of vessel 316. Further downstream of side branch 334 is a
di spensing line 338 fluidly coupled wtR +he vessel 112. 25 gtiw{yezoe@e four
Sys

general steps involved during operation of chemical injection tem 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 anmount of chem cal needed to treat a batch of

waf ers is paddeis opanads® auisklvcdrain the sinse duiddronothe vesselil ‘piake vessel
316. Th dary fill LS. lish b) [ | 2 f

period - 18umR I\etepodBh WRIRIRE sl Water b Soi00 AtRNATORE. Bisi rod

vol ume to be 3i48REARTEIBY FobRRE hystém 4§gh&%tsymaﬁé°f%§$gsiﬁorpaﬁﬂﬁﬁ to allow

the chem cal fromvessel 316 Into \fl ne 3 I scussed 1 n detail,
this step isthe vedsendPiefeiably,ziis gasfemn &abidm temperaturésoaecabdcy of the
secondary fill step. Finally, a dispensing step is carried out in which the
chenical $s dlows @@tnfomtﬁsxémsﬂnwd lsr\@wfﬁregmgrdqmo maintain the r eam
passing into and hrough veisel 31%?6The ulk fill step is typically
carried out RYERed ROVIBPIADTWItHE TiRVeFRAt cal storage vessel 302 has

decreased 10 a pr odetisagd GhbrENEh VA WabYR Aol Glink fi bet vieen

vessel 342 and bul k supply 1s”opened, causing chem ca ow fromthe
bul k supply ilmAocivaabet 180arlylin) the processl Ghortly befieresthet drying step, cl osed
t hroughout the bulk fill step. 15 Fill sensor 312 is conf %ured to provide
f eedback to cave 86 isrbriafly ppemedy pergnitting hested Nzigps W/l the cheni cal

or of or bl § e tainget 28 1GRCe T SsBRE A PHEN SBrinY e SHEM 3 noedea 1o
treat a predeab@idrefePaled®is 8peMBd cEatiah§lihe Heatdd NoSlo ddréy tRE 1RACe fill
sensor 312 detects that chem cal storage vessel 302 has been filled to the

desired vol umeaparadhte tB@ ¥esselc| Stepd21Bext, val ve 322 is opened to initiate

the secondary fill step into vessel 316. The systemallows an accurate fill
of vessel 316 by nDiifdYPicg! ohBot vaporHtheniPdn vaper eondensesoméld®d opened.

For exanpl e, LG SReLlan il rilh WG RUS G BRMARE SERLDholiyLakes four

m nutes to di Spense I nto e vesse ce val'Vve as been

opened fds t hevdlleGatentrshted) Bid RSt IPA Vapot lconddnséd onaby refdtivieng cbbui d fl ow
into vessel 316. Reduced flow orifice 320 causes fluids dispensed into

di spense vesswafgngutfaces sather ghpy onsthealid (vallsas itrshavld berappreriated of

accuracy duri nglla'ct a'\?s wEEY qmaera¥e<§ ivlvé:llssEéa Brg%o% rt]:iomi%li\Qaqtion 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.



the effect of the split second del ay between issuance of the "cl ose" - 20
- 6 May 2003 control signal to valve-32-and the actual cl osbm?ayojooghe
valve. . It 'should be noted that the systemis useful for applications 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 spensedConatieasen3? condaasdmthentd tolaoliquid feamysuitaeiforopened to
permt chemcal to flow from di spense vessel 316 into di spense pl umnbing
338, which i 9'SPP&Rkr ably | arge enough to contain the entire ~10 di spense
vol ume. (nce | | ne a3awitds ORE 1 498Kk ithilrafAPfoiAR s dtanPldls, ohadli caling

that vessel 316 has been conpletely evacua e systemregisters the

time |apsed lpigs Ya1BNdHBE vedierd Bd WasyettecardIenmvid frent thaivegself f of sensor
336, which is the amount of tinme taken to enpty vessel 316. The neasured

tine is conp&tep 232.the t 5 systemto a value saved in the systenis

ft | ati foth t of fi that (it should take f th
dosi T ed di spense P4 Giteuspce e yatarm: 1978 ugPiA fof RINRHBIRFEREY & whi ch
lund W T oun ! FOPLYERRE, B dysterfl6 mbflbe Grilf¥Cas B EBonbAL ¥PTITY I e

initial tinme dispense rnto vess he conpari son reveals a possible

error 20 in thergersystemfinoRBRBhcHafelissaensedessedraddaingahiuaes are taken
before wafers are transferred into vessel 112. Such renedi al nmeasures may

i ncl ude di spespatptefvessel. chehtr Apevation odithat tyre wsnohitlae sypeanilly t he
secondar

fill. .. Sh I ds, wh it i . i
seconcer Vo | gt g R Ay oo W b B bR RTREC.,
fllow from Sotht?g%geséé?t@ ﬂ'si&lg > sRapel2 4 2@nd16hen é,ﬂi@o{)hﬁﬂbi ng 338

via tines 328 an 4. Becaus he positioning of reduced flow orifice
332 in |line 328,anothar exanple| feocdrtain sirfades Dimantber désicatsle tthrskigh | i ne
328 where it serves to rinse chemcal fromthe line. A 30 |arger percentage
of the DI filihe HRdastestepianghty Hel the SYSIeTAOUSATIE OYE 35 @ZRM 334 into |ine

338) pushing t.he chemcal in lin 38,k Bt - tank 112
while also ri g??(éngé? %Pr%cl%ssangt%sn%!%%j 4an%:l12%’3%jl QCO%,?Q %’ve‘?ﬁ]t he

vol une of{eDl  ¥eEdred rifsé PROhRSEsCa PyBFopstili istiffaREt o Yh& @ifeRwierygs 324 opened
for a predeterm ned anount of tinme known to result in dispensing of the

desi red vol unthe biF byt pragesagiesatibed 3bwvierpdueep enbydraphobieiback from a
liquid |l evel sensor in the.vessel 340. Fig.,,10 sho a chem cal_.i.pnj ection
syst em 400 us&¥URCE-or g’ﬁ&%?ﬁﬁc%ﬁﬁwr@%ﬁp%ﬁﬁﬂ‘ ts\é\ﬁﬁ'ﬂeﬁ%'a{n‘ﬂAﬂ@rt lgnot her
suitabl e conp i i r td er 16,
Figs 2 and 0 oReruel e B e R oot

st orage vesselor Mydraphgdied to a bul k supply of drying compound 404. A fluid

l'ine 4loﬁ§§tends bet ween upper and | ower portions of vessel 402. Aliquid
| evel se r 412 is positioned to nonitor the liquid level in fluid line

Cont rol l er 184 (Fi SHUERS A SGRA08 FBAdIMEL 15 {0 s vel | o1 vessel 402,
' 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



A di spense vessel 416 is coupled to chem cal storage vessel 402 by a system

of plunbing fornmed of |ine 417, reservoi4 -418a, and |ines 41 thaal@h
4'18f. A reduced flow orifice 420 is positioned in line 417 a M 4 ve 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 formng |line 418c. For exanple, reservoir 418a nay include a

11 2-i nch di ankt2@nddishillg areaigirmed of matetialsh surbrast RYDFiotdPA8c. Li nes
418d and 25 418f .have, vents ﬁt theii r upper,,ends. A sensor 436 is |located in
line 418d andVBichareeingettq chemicals 41req IBhG ProgRsS ENYERNMEBLsel 416 and

Its associ ated pl um&gﬁﬁl‘?‘?héfﬂeﬁ%ﬁ]ﬁ%ﬁfEhé@ﬁ%‘%&scmt’@%' gq% fireci sely

di spense the entire-qua or a sin spense

operation. Thgy ByRafdohaMgibeddnkugVaildbid fideh STR Glotsdl Technolabiésvel by
sensor 436 occurs when di spense vessel 416 and its associ ated plunbing has

been fill &d wBoise ID. Yesselgl \ays poeferablydiormednelr an innes tank sestiahr ed vol une
of chem cal f t he progess.. D spense yvessel s an | unbi n f different

vol umes may bﬁ 55%3"‘?‘{5“%&'3?%5@ %‘E%'sf!P"ﬁfa dAar Wagls&%%i r{’)\%‘@{nwmrf ferent

di | : . . di
Cescel a6 aha®, R ieRSRAR broBeledy PRAARNIOLEE ERnedERME] | I 11 sPense

coupl ed wi th gasdate ve@othegessyehivalis.citanialls hfe pesferhibdpeemiated a dryi ng
conpound into the chanber for vaporization. There are three general steps
i nvol ved dur i Algngpthein tamedges to dniewiniza fluig; acauyrowlatignamthroedgeshe first is

e DUk L ESE S Bab At RS hpt bR WP ofU R PoHbAEE Ll
110, Lo FAARD Y O 85t iy in 10 @ Bl
one end of the weir 120. A conventional fill sensor {not shown)
may be located within the vessel for use in confirming that liquid
levels within the inner tank 118 are sufficiently high to completely
15 immerse the wafers during use.
Pluralities of fluid inlets 136 are spaced longitudinally and
laterally along the vessel bottom. A fluid line 134 connects a
deionized water source to cavities 135 beneath the inlets. Fiuid
flowing frém fluid line 134 into cavities 135 pressurizes the cavities,
20 resulting in high pressure fluid flow through inlets 136 into vessel
112. The bottom wall of inner tank 118 preferably includes beveled
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



15 vessel 416 and its plunbing. Third, valve 430. is opened to allow the
chem cal fromvessel 416 and its pl unbi gg I nto chanber 16. T@Msgkgogél |1
step is typically carried out when the'96l ume of the chenical® ¥ e
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 remains cl osed throughout the bulk fill step. Fill sensor 412 is
configured t |, de r I | Jagll ' he fluid
evel i chefi ot SR UGS 4600920 Bhaf Tt s 1201 BRI %) Cvel

The level wi Ia}ndpw&ﬁﬁéla@éc?ﬁd?ﬂ?@', epdeflirtercoyntesd ancvdraehn 6f dahipre of
chem cal needed to carrying out a predeterm ned nunber of drying

procedures. Onoe 124 backeintortheigpening a3 tose-sehktiiectankst Arsapsov@dsel 402

has been filled to the d.esihed Vi |UIT§, valve 403 is (iJ osed. Next, 30 valve
422 is opene@ Woeisanveationalis used Wil dump doarassemiligsygakbe 1 o3 - 6
May 2003 416 . I h ' ' i ns cl osed
during th"p"e1 S E%‘hgggﬁaf‘%rﬁs tB%{r ?’ﬁegtdt ep?é@éﬁgggeebﬁ(%ér{bﬁ éﬁngFFQV\WE t hr ough
orifice 420, atcbtdamet Wethriastruetions frormethé2sstéat cdntesiigrpst ream of val ve
430, then 5 filling vessel 416, line 418b and then reservoir 418a. Next,
fluid cascades frdNhesspensdr thig gammdoor ipgemits igiicky disaharge ofdluids ti on of

line 418d that sits above closed valve.437 . Fl ui | so rises., fromvessel
416 into the 'FIPt Sn"etf'lsefsi ko El%?f"Sh%qs'rl‘islgsbﬁ'é??}\g\'f Y/%ssﬁgﬁ-hﬁnd flows into
lines 418e a f: e%agg id pax |, the
cal i brated f%&isgéfﬁolpﬁlyr}ggﬁa@ eenusgﬁd;\%ﬁﬁﬁﬁ P(Ja%éf\)hsg&dvﬁége 422 is
cl osed, 1Qer dhylubasta wasté tinel 74 dvati fid wsViesethedddichIbewin ng annadidg. 10
represents the calibrated volunme of fluid at the end of the secondary fill
st ep. waste site within the foundry. A separate IPA disposal outlet 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.



After valve 422 has been closed, valve 430 is opened to 15 pernit chem cal
to flow, fromdispense vessel 416 intp1%h_anber 16. It shoul d ‘W@%b e not ed
that at this stage valve 437 remains closed. After valve 430 h een
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 ®‘)fbrmedﬂokwsnhaﬁlel@aﬁhgmamiavsuéﬁbs Tetlore ®4F Chempgx! opened
to allowthis small volune of fluid to flowinto vessel 416 where it wl|
forma porti @ne@fosttimacbomhdatw apd/emélam@s3d8ed during the foll ow ng

Vol e over t he r chSitBE Y0 EXtendRATRIL 1% 0P B N L B EVEARR iR ac o
430 dot oot s 4" et dRyBof e asiars |PRL-B3E IS R pIRRLSLI Haog oo

Enbodi nens Qiepadvidad avithraanigslditty emdtostionmaties Wirliforrrefibwbef descri bed with
reference to Fig. 3 and in the context of a process in which oxidation is
renpved usi ngasivapgrHoto she ivessglanchonkn wafersesitiatedswighisy thesvpsttluent | y
rinsed, and

) i.ed. f. nb ¢
B R

re- progranmmeg, i l:er. n f the
(I?hemlocalg pr oc'gsssspﬁglrtpﬁfr%yhrlgr{géﬁté?rég;h %\)ﬁ‘gfat e@cﬂﬁ%g tinme 17 2 fl ow

r at es wast e ghdpostaim ptdten 24U Fodmeesiauthenmwdersidiespetin tup amennzect i on
etc. ﬁoverned by process controller 184. |PA vapor generation is
pr ef er abll@ cawrei @ gaisaf grpoves 126 (seesplsgdia ot Ad ﬁbaﬁgmwget tgfermramny event

prior to the jch r | PA vapor is
created withi goﬁrﬁ%@ep#aefh ‘&fﬁ@?%[)s "?@é&?ﬁ d t% W %’eoa?%ﬁﬁed quantity
of IPAliquid f&?éﬁhdﬂ?%‘t‘%ﬁeﬁ %ﬁce?é?&tml pbinghedTaRECct EaéNﬁ;l)B?BB%mQ' scussed

W th reference to chem cal injection system 400 I n One

enbodi ment , t theroaghuthe fuﬁtmgFiAtmnthélgxedvésnr a batch of fi fty 200- mm di anet er

waf ers i s approxi ely 5 - . The i PA i s heat on 20 syrface 60 to
a tenperature prepgpé‘iﬂr? %@s'l?ﬁah?st?]éyﬂiﬁnl‘ oh GroeYeR ?gﬁ 180 etth i s 82. 4
Ot ome 2B PUBRED pffEBL! 16 draCoBOAIREREARE YrbBTed Hdtudd, shfle") | P vapor
is generated a us expe es t 0Céss rea 2CUENSE | PA vapor

cl oud. Mai nt alshgditudihal dgridéves xS ahuraprnelomAaﬂwall gmvage\\&mt S inpurities in
the IPAliquid from25 becom nggai rbor ne where the?/ are apt to be carried

into contact konpitudinalgreeves T48nargi linqﬁwéf@sephga tyegbsmalliwoles fitted
th tch DI t tc f. HF d
oL LS BB BN A RO R4

streamas it fvihtonthe vdxeV832e! as discussed in connection with the

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



25 6 May 2003 Wth lid 114 opened, a wafer cassette carrying wafers W
is lowered into the vessel and positi ofgd on a wafer support gidyndnst he
vessel. Lid 114 is next pivoted into a closed position, causingthe 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
continues to flowTonfacilitate distrititicat o N2cand IRAvapoe thinouigh lith §i1dg begi ns as
| at er described. After the wafers have been etched, rinse fluid is punped
into 10 the Verosghholes 182 ropy bmaéngs\eéamthaﬁm foaks cauaers; of the '  over f | ow
weir 120 and_ out |n 122, ozone rinse | s. dgsi waf er s
are next rindoimed B Rt se ofthe (R RIS WirERN [reskicn)

i nj ecting Oz?a?nt‘srﬁéivJJé% lbh?r‘t@d%t EF\aNhélsal 'ﬁ@BﬁH%ﬁarhﬂbﬁénhé]s tigo Vesse|
112, or directly into the stream by the chem cal dispensing 7 5
corrponent5 Rlolmsiolvg-,;rqﬂata mU4s Doring usef the igastvaper iflodvefthidugh {ittovg exanpl e,
3 - 5 mnutes,_ but wl y with applications) to thoroughly rjnpse the
wafers and cafQinte. thAf)ﬂ‘é"haPﬂ‘é chasnelsdormegebetwgen the tep pd dBtSHl%ssenbl y

quickly is a t p tlonto
qui ckly di scﬁ);%tﬁg ?Iﬂer]iiﬂ? éﬁfﬁhpﬁo&W‘?rom &éé\}égsgﬁ?&qﬁ@% é
Preferably cqgpnel®etvaenaheonidiie faha botibmh pﬁtééﬂeumm%@élypenws ln a very
short tinme, and preferably in less than 5 seconds. The discharged fluid

noves into cegasivaasiflows mtohthe destehshfough the simabl agienif@s fornoed e
foundry’ aC| d waste g Eosal st e line 74. Low fl ow anbient N2
cont i nuedOf | Hherigngituding gf‘?i-'é'e\?e during the quick dunp step. Just prior

to the drying step r l. {lﬁeaﬁ d N2 gas to
fill the IPA generétpﬁgh C égnfrall% 1§£ '¥ eﬁaﬁ ea vcon al ns (?I ch I PA

vapor cloud agpbdtice)darth ab@:vsssemsle me thamichl iinjettionVEsiigdnds68een
fully discharged, valve 59 is 30 opened, causing the heated N2 (having a
t enper at ure oénd ybﬁ yaripys %lvesgwwct}emspr@aasspctaied Ivrith\ofesatiomod thee vessel .

The | PA d t d.

prgfera_b?; hi § ¥Ftﬁm| R?ntrscﬁlgﬁq%% iglp?fE?% JE&%MF’%FPP?BEE%EW‘[ argr
99.999% pu €. of l@ﬁe%ﬁzéc‘)ﬁﬁoﬁbﬁ’c’@td a&&rﬁaﬁcmﬁs§sbn Bhdlbaé thelvaRRiY, oxi matel y
25 - 100 standard ters per mnute (slpm for an A drying period 5

preferably 2 activatentiteckd amdelunopelooenandiregulate ﬂangef ifiiqhs ehdrgasesi n t hat
is leads to |l ower, | PA em ssions. The mani fold arran ementé“n the lid 1 14

pronot es even S s'f‘rQQS’l?f‘i’%?PeoW"irP%p\/%%‘?ﬁs T85IRR GRPEIRITARIRRANS in the 1id and
consequent |'y %a??ﬁ%ﬂaf 'r8¥%é%fb¥ﬁﬁ(€arﬁ§ﬂ AN A*?:%n‘t:"&ll%P %uﬁ?gleoﬂr%ié"e waf ers.

10 The | PA vapor condenses formn orm concentration

of IPAin the dmﬁmeihsaﬁlmsnﬂldmpmh%w eonﬁunésawaulaﬁesfmnmmd | PA
breaks the surface tension of water on the wafers and causes the rinse

water to 2@eatlegtronjesi ins. Rwise, [BurHaveayergany ispitahie proceiss aoptralr yi ng
period, the rinse ter | | ve, bee l.et e [ enp fromthe

wat ers, casset@MP ‘\éﬁﬂ C\?Q&%Fsﬁél I|§ ‘F'z?r"l'&c}gﬁe Tﬁg\/"&' té'@ e,leecéq g&%d by a | ayer
of condensed |d%p ing 123 into
catch basin 72, l|ﬂ_§ge;[\lt3é;éri’ﬂw£%%rtt§otllggﬁp E%ﬁgh‘a&ﬂgyﬂ'?gﬁég%slggﬁﬂ t hr ough

condenser 132 rearesanitscbustha drawings qmyzf@runeasouambchnw | PA vapor st eps as

descri bed herein prgovide sevetal vant a over r art
advant age provi ded g\F@f"‘"&'Bﬂ\/‘@Pﬂ“‘lt'(?ﬁ‘a 95 5193?3 r‘;’%ﬁfg § 6 Ealvvafers renain

in a purgod e”ii‘uLechfbﬂeéﬁmgb{-Qhﬁsﬁ%?%e %%éténﬁr&“@\*é%ttzﬁﬁ &drice Process,

rather than b g expose 0 oxygen and 'particles as
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 are noved froma rinse vessel to a drying vessel. O her advantages w ||
be appreciated with reference to Figs. 18A - 8C. Referring toslihg,zd@g, after
the quick dunp is performed, 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

tensi on of timjeotidresystetn is bbeerned By procedédbyodbileriBLordeat ual |y falls
fromthe wafer surface. |PA vapor continues to enter the vessel 112 and
condenses onseparat@ftentollef.ace, | eaving a | ayer of condensed | PA on the

f f ig. . Jhi hqd of .er.. | i icul arl
benct i cial for 5 BEISFSSRF R T asisabTipeot SV R idudis faphy.

where many tj ; ' 2705 el ' forces
e bion T gﬁgﬁnﬁ?%ﬁﬁasg?;{éise‘g‘n I?o&ﬂ%d% sbuﬂybﬁa«f\fcal%ebw 804.

I's thus difficult to renove water from

t hem Thé meCheehiodl stonags viesgelliRéludesa tiain chamber\306 hayer sidk wat er where
it can work its way into the water and then into the 10 wafer's tight

geonetries (&hambsht30Riextending Srrmaribe matnchambges dhesinterigrs offther t he
carryover layer. has f.allen fromthe fer) facilitat drying even in those
deeply or ti ?'Pﬁ'ﬁa?'?&%ﬁ%@ %rﬁs‘?g}%fﬁl‘éc}{feﬁﬁﬂ efﬁ§$!;‘°6f |E‘on_den.sed wat er
and condensegqiRfved, 'PALld And 1D ettEnRISWEHBE tnaldhWadigs i nsing of the
waf er 15 surfaces which facilitates renoval of any particles that may

remai n on t hehaatfbars. Adiguitk levaell sens@yd 1Riis pasitided ta heonjtarakedunp step i s
performe1d so as_ to conpletely evacuate the vessel 112 (or at least to drain
fluid int®he liggidlavel in Puidiine 3} Qandte)proyide agk soncgeringdheo of tine,
preferably u j . ' [ l.oGi 4w dr.al i liquidis
Poreri ornl o Iéa’\é?ﬁé%&g’?%f' ?%ﬁh‘?‘%egy‘%;%\r(ﬁﬁcﬁeé"i%%@ gmﬁ?%%}é'{c])% t he

surfaces of tfhemv@ledibof the phiusarlyafddset.at es water renoval even before the
| PA vapor step is initiated. Returning to Figs. 3 and 4A, at the end of 't he

| PA dryi ng 25 periAdlispenseevessdl S18 isseolplad dolbghenical atoragé§esselopened,
causi ng heate referably. 80 - .90 O to flow direct into the vessel
at a higgher f Q)&%Vgi 'éegﬁepr"é%{'l@?‘dﬂﬂ}‘d%ﬁd)edu?g@f wArifice %\%Qh W@“fq r st
enbodi meRt, hlil idhasy | i 4bgN i &yNi: ogsel and
orient edﬁl:jo 3??%6% %?%let' gas gﬁ{th@&t%rﬁgﬁigzger?% ?%ef gﬂ?H ?Qt‘ﬁe i‘gﬁ%\r@?ng during

this step. 318&urther dowiadhSarmhef vatab 3R A2 AyvalvecBRd aovienns flomdefised | PA
fromthe wafers, cassette and vessel walls %ﬁ evaporation (Fig. 80 . This
| PA evapor at i Bhwatep fiomn Disqures 326 inte; wepseliB16er approxi mately 2 - 5

mnutes. The evapopat fubPha SAARMIHE b BuBBnbEOREEA S 3R [ 110

condenser 130. Condenser condenses-the uid Tormsuitable
for di sposal . inbhsddeatvailyd\30nand ddieduesd! flowRHiRs 332Y Ligoid Ysuedr renai ni ng

in the vessel into catch basin 72 and
20 sensor 336 is positioned in line 328 to detect when fluid is present
) in line 328 (i.e. once valve 330 has been opened).
A side branch 334 connects outlet line 328 with an upper
section of vessel 316. Further downstream of side branch 334 is a
dispensing line 338 fiuidly coupled with the vessel 112.

25 There are four general steps involved during operation of
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



t hrough condenser 132 via line 128. At the end of the |IPA evaporation step,
alowflow (preferably 10 20 sl pm) of. f@.gas is resuned to n@mgﬁt@p cl ean
environnment within the vessel during renmoval 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 whofctimsapredetermined doesase theddesireskdoliuments bpalispensedssel . For
an operation of that type, use of the system 110 m ght begin just after the
ri nse steps,'"&ﬁ)tvl‘i’s&%lt?’{\éf ers being lowered into the vessel 1 12 for drying.

be dosi rabl ot fH8o5o0k $30 . SBAPATE Bl s sRegld FERL el 418G car 1 "ot

an ozone i NgRb NingsB38 " YAP WAl BESdisCsSFP H dEtdNS thid 8P G8 tinfedhwABOPNI 1 i C
surface on the wafer, whereas the HF | ast process described above produces

a hydr opttobi utiizes sersor 386 to Wenify the aessrams of ithe detandsry filkstepneficial in
that it works, |1 regardl ess of whether the 25 wafer surface is
hydr ophi | i ¢ %m\gﬁyda&ﬁms&ngﬁsew carachent Ek&lrshb?\,@?h? ﬁﬁ%%? ASof the wafers
in HF may be ] ' : Y, | ution into
the catch bag%’n. rgf'rg '%%b?zg m(%ﬁ?‘(r:@ %&ﬁgy‘% gg?lgpp%mg% st{%ﬁpﬁgaféﬂb

vapor
drying step (ftbeshditbughdresskbl 8¢eded, the subsequent hot N2 step to 30
remove condensed | PA fromthe wafers and cassette. 29 _ 6 May 2003

Wi | e the subj ect Theveulkifihstepsistypicallysearried outi when ghe volumetad pref erred

enbodi ne var | ous clhan es and#g%%' cat|ons coul d be de therein, by

one ski 1134’ RS chemies! StRragrUessAl {7 A 55 AR AP L P TSR MIngd. of t he
subj ect i nveptingRuAvIstRl. Vel P B0 G HIBR §88 Beti/edhTessal 3023fhd bulk

supply is opened, causing chemical to flow from the bulk supply into
vessel 302. All other valves in the system remain closed throughout
the bulk fill step.

15 Fill sensor 312 is configured to provide feedback to controller
184 indicating that the fluid level in chemical storage vessel 302 has
reached a predetermined level. The level will preferably be selected
to correspond to the volume of chemical needed to treat a
predetermined number of wafer batches in vessel 112.

20 Once fill sensor 312 detects 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"



CLAIMS: 5 1. A nmethod of treating and drying the surface of an object,

conprising the steps of: 6 May 2003 (a) cp[ovi di ng a vessel agq{naajtgdogast one
obj ect having a surface; (b) exposing t%e 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,

the i ntroducesbritfolisignalapovalPeidne anttharictaall olosingeofothedvalivag. viapor
previ ously exhausted fromthe vessel, the drying vapor condensing on the

surface of tehat betneted thattbe rysters is usefid Sor @pplicatiass bf whiehr esi dual

process fluid, causjng the { si dual process g uid to flow oif of the
surface. 2. THHECRESETUDS Qf e systgaLIaquire; differeri dispense valureesiei oni zed

ter. 20 3. . ' O : WeEN
\rll\?dre{)fl uoric %@mwﬁ%ﬁ@ Fr@f %%B%l}t cl éﬁ%ﬁf‘?@?@!‘)ﬁﬁ%ﬁéi#g’&ﬁlﬂ Irl% the step of
i ntroduci BY ao dufing thetsecbhdamesit etembhArcHinge thé)vdiamecbatili ze

condensed 25 drying vapor fromthe surface. 5. The nethod of claim1 (
wher ei n t he nehémital thathwill baddispensadie step of, prior to step (bl.

drep () onel udes’ PRErSRRfE 522 Brs BREh cIseh Vel 388 e e arying vapor
o 1 TSR EHGEe o)t o yeshol Yo%l 1oL o
vessel , the cphmisingt®38) wdileld is prefeedbly large divugtets ebntdin tthe egairer at i ng
step includes the step of heating a drg/!hng conmpound wi thin the chanber to
produce tW® ddispepyse medumean@nse dipe(IB6 has heessemptiedngenser 38bri er gas
through the cQ&rrrr‘t%egﬁ't ﬁmdicating that vessel 316 has been completely evacuated.
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



cause it to carry the drying vapor into the vessel. 10 7. The nmethod of
claim1, wherein the method further inghudes the step of recleanayswmadrying
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 ngask Ui wthile dl$o fipsingcyessieh tthandlinest33%band 1338 d cheni cal

i t hi th | to t t th ' t, i nt ,odugi [ fluid int
the vessel 1 ol Ve ettt bisgater HEneSel ot e Gt oMBY s f ace of
the object; (l@aggigrsﬁﬁé Qbﬂ%tﬁe'hédrfbﬁé %rédiétbﬂnfnb@rﬁrhbﬁnt\/&]ftﬁﬁé knbRAHNY

residual 25 rinse fluid on the surface of the object; after discharging
the rinse fl uesult inodispansing of the desitacbwolumey oa by rojesing valver324nino t he

r e B ok PR AACBOR bl SR il 0L S,
155 e g by BN e Bl viisy R aung a0g ondl 1o My 2000
heat ed gas i rdiepemsing ebgiag edrhpousd ¢pudhl pstiBAvar anathier suitebldensed dryi ng
vapor fromthe surface, 5 11. The nethod of c¢laim9, wherein the, nethod
further incl LRRIEPPHAALINGD the drjindorary ganssation ,ch@mqrdpf\a@b@hgeﬁjr yi ng
Lavor ot 2 LRBRL SRR AN ool s g FShAERL T 7L
i nto the1feessslorage vessel 402 coupled to a bulk supply of drying compound
404. A fluid 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



10 12. The nethod of claim1 1 wherein step (al further provides a chanber
fluidly coupled to the vessel, the charmgyper positioned rem)tebﬁw; g3t he
vessel ; ' the generating step includes the step of heating a r%ng 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 the vessel. 13. The nethod of claim9, wherein the
met hod f urt helightig Inookestizh thee requiredovoluene af ichemidalyfionghe groceds.om t he

vessel and cqndensing the reclai neqd dryi vapor to a liquid form 14. The
et hod of cl irpensmupesels ong ﬂu&ﬁ%@g @iﬁﬁ?fe@tf\bqlﬁgmmamhe_sgm%? B
al cohol . 0 i I i s deionize
wat er. 16. T%gplﬁépﬁlo%‘gérggPa%?ﬁ&bg\mga‘gﬁwnﬁtvﬁ%%ném%gh??@p&&gé the step 30 of
rinsing the QRjiGaks dr8 rfeedledat ed wat er. - 33 - 6 May 2003 17. The net hod

of claim 16, including the step of rinsing the object with ozonated rinse
fluid pribr to stebdishensiigg lineElhedterids from dispemsd wibsgelng16randsur f ace of

an object, 5 conprising the steps of: (a) providing a vessel, a renote
chanber {1 u dnsﬂgsam valveiads Disransing 3iﬁPt4%é i Buidlly camelegi witast one
obj ect havin . : LT ' i | - et processing
prjocedure Ou&&g@&%pﬁéevé@ilg}h, &ﬁ)&ggggggfeo‘?;&g\g‘%négﬁ? g&'@h'%l ng residual

process fl ui dcdripoend into {1 chRamibler 90 EpbHgatiéit. obj ect in the vessel; (d)
generating a drying vapor in the chanber; and (e) passing a carrier gas

t hrough the chanbelheénet aret tiwee general sthps invalyed iduringasparationiaofg t he dryi ng
f the ch . ipto th | .theg dryi ) densing on the

surface OB ¢ HENGBRELMIHIOR syBtm e T Fintdb BRSER WietBher os! dual

process fl ui dyniGRURLARcdINGoF&sd Juddel IS RS Rinbd With CReidY dilingt the

surface. 20

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



19. The nmethod of claim 18 wherein step (d) includes heating a drying
conpbund wi thin the chanber to produce2he drying vapor. 25 ZMaylze®3net 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 thod further inc)Judes_the step of sealing the vessel
usi ng the Iid‘,“sandtisggﬂlbebe(ﬂé’)te@ rBat ¥alveet 34 da liga £ B9 remalwpPsed e passed

into the vessgl. via t t one inlet inthe lid. 5 22. The nmet hod of
claim 19 \Ahe?gllhrqgt%g %ﬁcf?’tﬁgygg@bound I s isopropyl alcohol. 23. The net hod

of claim 18, wher Gutird)therBbEORHdryrfillefuibridweahrouyH Hafiss apeyf recl ai i ng
dryi ng vapor fromthe vessel and condensing the reclained drying vapor to a

liquid form fitling Tine podtidroof tihect 28 thaslies upstream ot vaklierdB0 hthest ep of

I nt roduci pg- 3, .heated gas into t vessel after ste e) to volatilize 15
condensedgdr3!|W©9 Vﬁﬁ%ﬁq 4‘1(%-n||"f€h@'q§9r? éhe@S?S%V%t‘ﬁ\éﬁ-o“eﬁeﬁ%"ﬂng and
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to a treatnenines4i 8ditABt kits ldHRVEasi6sed viale 487atFBid also rises from
vessel 416 into the portion of line 418d that lies below valve 437,
and flows into lines 418e and 418f. When sensor 436 detects a
10  fluid level, the calibrated fluid volume has been achieved. In
response, valve 422 is closed, thereby halting fluid flow into vessel
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.



solution including hydrofluoric acid; (c) discharging the treatnent

solution fromthe vessel; (d) after the jreat nent sol ution hawmaezoosful |y
di scharged fromthe vessel and w thout %i rst 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 surface®peratiosS SecontftBmBOdiinee The nethod of cl ai m 25,
further including the step of introducing a heated gas into the vessel
after step (d) to (pesstion oé theseennderabgdimentaplirngxtdes dreciihed ace. 5 27.

Th hod of I m25 I n, hod  f I ncl ud A t f,
ori or to st ep"(H) FGEMASH F-chentay thy SoapBH o & LrPBeR FoWN ot e 1 rom
the vessel ; andideh foChoridUeld iengdhPHFI2es BfcHSSinAWRRIH HRL wgfisrd 0 catry

the drying vapor fromthe renote Focation into the vesse he

met hod of &l akre gdbyéqueitly dhegd,(ad ddetdhdn pprafeded embodinait, thei dl y
coupled to the vessel, the chanber positioned renotely fromthe vessel; the

generating st dpseiileed gequenge of stepst oerursi sufomatiopllydn Eecotdanenwithi t hi n
the chanber tg produce the drying vapor,. and wherei Saat'ef ‘(’&iﬁfl ncl udes
passing the cgr&f’&fesﬁzﬁgc'?ﬁr%ﬁﬁo W&Wgﬂﬂgﬁ’ c.pgtr(gilﬁg it b ry the drying
vapor into tNeyyRRsphanagemditeoridEReict bBstihg WAREE hdeNfnigR! hod

further includes
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}).



20 the step of reclaimng drying vapor fromthe vessel and condensing the
recl ai med drying vapor to a liquid forps 30. The nethod of chkanap Z®3wherein
the drying vapor is fornmed fromisopropyl alcohol. 25 31. The nethod 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 and dwithdidvhpédropenedpaseader cassetieecareginglwaiens Mids at | east
one inlet in the lid. 32. A nethod of treating and dryi ng an object,

compri sing t Iewstashiots the vesas! and pslnnes 9B SoWRTOr ARG L WIsTRSBP ¢ 1 d,
! d
e b " TP, B A A LB, AR Ty Dol oo

exposi ng

Lrs]iengbjt ﬁgt I itgsé?tgrt?acﬁé%élleﬂ'ﬂb 5Baf 'I121V€ﬁ§?hs (éﬁéféﬁablysﬁﬂéétﬁ the vessel

) heating at |east a portion of lid to a tenperature
above thaf oftetipergtuoekefront busodirc¢ §6 dNb(dhamgnyngut hee@rrmdm theuid fromthe

vessel, leaving residual process fluid on the surface of the _gbject; and 15
(f) after théam%@é§§uf¢%gdf) Imintredyced,inte theassplywa PetyrR 16O 10

purge the system of air. Ambient N2 continues to flow into the
vessel at a low flow rate until drying begins as later described.
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



vessel, introducing a drying vapor into the vessel, the drying vapor
condénsing on the surface of the objeci2gnd reducing the surf dgonsi on of
the residual process fluid, causing the residual process fluid to flow off
of the 20 surface. 33. The nethod of claim 32, wherein the process fluid is
rinse fluid and wherein the nmethod further conprises the steps of: prior to
step (b) suspending the |lid above the vessel, 25 imersing the object in a
cheni cal bat mitrogehartilized én the Ipsacetissatesprgfenabiyn bighhpuiityal suchoas t he vessel

after imersipg, the object, d thep sealin vessel using the lid. 34.
The met hod of nF%baicl’\"\ uREF Qﬂﬁo'ﬂ I%'aE'fVeBr 8@-5%@%9&%9 the lid 30 above the
vessel creates a : N LS o ki, F s from
the vessel into t@%l’ﬁ?ggﬁf&}% 'éfénoﬁgép\ﬁégge?l@t%%y&%ﬁgg@a%ye er!rgfhod of
clai m 32 where{QOtdtandad liter9pev mladtd @ifay folhn lIPAdryMtepefibet , and

wherein step (f) includes introducing the drying vapor into the vessel via
t he inl et 5 n pieferably 25 Baninttes.ndheddwer endadhtige ramge ishpreferreduoi ng t he

step of introduci,ng a purgin s intg the_yessel ,prjor to introducing the
drying vapor.&@é'%ge.aﬁ%t d'g%f em‘%ﬁ'%‘%l,ﬁ‘ﬁu’l"'@ﬁgg[ ACARAEMENE MR step of

I ntroduci ng | |, ipgt f v tilize
condensed drﬁ%@%ggﬁaﬁﬁﬁet%h%@ug%z@% tbmpgb\%g)gé’ ,thgwnalé%par atus for

treating and ehatiritds a0 tiedjidcind Ebssapientigt ars edbn FlvWw of Siapdr tArotsgtsel , t he
vessel including an open top portion and a |id noveabl e between a dosed
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



condition sealing the open top portion and an opened condition |eaving the
open’top portion exposed, 20 a dunp opemping forned in a | oweré May 2063 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 sour eeatef epentuadly fEtlierfraralthelwattrysurfagel. etPA svapbecbhtindes i ne; a
dryi ng vapor generation chanber fluidly coupled to the vessel; and a

condenser f| & @njecthpyesseld 121anémdsp§¢ﬁ ﬁg thgowatermsrfags, 40aNiD8 of claim
38 furth i | to be filled
V\nthu;| ngre 1(‘:%1 &éfs%’g%of‘ﬁgﬁgéurc gf fgraﬁ'{f%?e ﬂg égﬁ?ng '?heedulnp goor
after a THE WP @F%@éﬁfeﬁnm IQ‘EJ%k@éhlﬁtflthe'ﬁ%flbiﬁ tbapsed

foll ow ng falllng of the vessel with the rinse fluid, and for causing the
vessel to5be watersdhawirighhigty aspectaptos for seveteetapograghy apdrerg emarat i on

chanber after _the rinse fluid,é has been di scharge f he vesse] . 5 40.
The appar at uigit sRagem edstaihin the water sUriare Lﬁ%@ﬁ%rvp{qyeﬁs Ateyhigh £ Ui d

ran oL o RO S0 Rl b bR TorBLE L Y, CopPLed 10
coupl ed to thfehd.UTheFBHHGH 4% cofidendiRg IRAPGARY te Barrg|cuemidferdter ei n:
water where it can work its way into the water and then into the
10 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
15 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

20 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

25 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

30 drying during this step.



the drying generation chanber includes: 15 an enclosed chanber, a heated
surface within the chanber for receivipga li quid drying corrwgyjzd@ 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 formed therein and
a plurality of vapor inlets fluidly coupled to the fluid manifolds; and the
dryi ng vapor generldei eatet dibgas rembves dhg mqﬁrs@dtlBAtften?ﬂ\efl ui d

mani f ol ds. 43. The appar at us, of cl. ai wher ei n th m cal

i ncl udes: a d’fﬁ%ﬁi'%'a?‘%%@gtea f’&ﬁﬁe'fwg‘l%%y %‘ﬁ&ﬂ’éﬁof' tﬁﬁ?)k ﬂ%’éﬁp

supply and e 0; 6
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di spense t anknpiu@eor tﬂh‘é%ﬁdﬁawm s axhEagsted wbugﬁ IPA drarim 28l

significantly smaller than the first volune of chemcal; a first valve
bet ween t Be ch’emotaderﬁeorb:yb {Garidenser {139 sontdepsessthe W to @ kubidnd val ve
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process in th&roegts ebndemserf UB2 a4 liher12®eni ng the second valve to

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.



di spense the predeterm ned quantity fromthe dispense tank into the vessel.
15 44. The apparatus of claim43 furphgg_jncluding a secondargymby pogs 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 sol ution. While the subjestatventionrhaly beergdescribeidagith esfamariceitog: a
vessel having an opening; a lid forned of a plurality, of walls joined

toget her to PEAad esbedimantssarions changes apddnodificationsA9uld Bt ween a
first positi I { i | sition
permtting a%@?@lﬂ,{%h&%%@?gé&?&ﬁ"e@?g tﬁ%%%ﬁ?ﬁg\{a@ﬂﬁe@@ﬁggg %‘?r%nt coupl ed
to the wal | sant spiri¢ dfitie sabjichirventioe asfdefingd by the mppehted d¢lamsoupl ed to
the vessel. 30 - 40 - 6 May 2003 46. The apparatus of claim45, wherein
the vesse? includes an inlet, and wherein the apparatus further conprises a
source of rinse fluid fluidly coupled to the inlet. 5 47. The apparatus of
claim46, further conprising a source of process chemcal fluidly coupled
to the inlet. 48. The apparatus of claim46 wherein the vessel further

i ncl udes a dunp opening formed in a | ower portion of the vessel and a dunp
10 door noveabl e between ari opened condition permtting discharge of fluid
t hrough the dunp opening and a cl osed condition sealing the dunp 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 claim46 wherein the source of
dryi ng vapor includes: 20 an encl osed chanber having a heated surface for
receiving a liquid drying conpound, the chanber renote frombut fluidly
coupled to the vessel; and a source of carrier gas fluidly coupled to the
encl osed chanber.



25 - 40a 6 May 2003 51. A nethod of treating and drying the surface of
an object, conprising the steps of: (&) _providing a vessel aBdMat2008ast one
obj ect having a surface; (b) exposing the 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 the LSl process fluid to flow off of the surface; and (e)
purgi ng the drying vapor fromthe vessel while maintaining the pressure

wi thin the vessel at or above a subatnospheric level. 52. A nethod of
treating and drying the surface of an object, conprising the steps of: (a)

provi di ngs a YesseletRBE AltrdRidglareryiky €5 sirPadengf an sbjdcace; (b) exposing.
the object to aliquid chemcal within the vessel to treat the object; (c)
i ntroduci ng a rdomegriging thi steps afthe vessel to rinse the chemical fromthe

I d f h f f th ject: f ' ick d t
i schar go ¢ he. nPhe@viiDn & Yasgh onE o6 BeSEne cBleaR igviel AR nee f1uld on
the surtace of (bhexpddiegite Gjecttsh Rbtads filli¢ ihedicdgelt he rinse fluid from

the vessel, introducing a drying vapor into the vessel, the drying vapor
condensi ng on t{ckdschhming the ptacesd|fluid framithecdeasiehdeaving sesifluale t ensi on of

the surthies:  anap(aoessdiid AG hRGUAFRIR W SDIedt om ¢ he vessel while
mai ntaj ni ng t NqgpaRESHSEnarging the process fluid from the vessel, introducing a drying
vapor into the vessel, the introduced drying vapor being substantially free
of drying vapor previously exhausted from the vessel, the drying 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.



wi thin the vessel at or above a subatnospheric level. 53. A nethod of
treating and drying the surface of an pbject, conprising theesggpsoof: (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 scharging the process fluid fromthe vessel, introducing a drying vapor
into the vessel, the drying vapor condensing on the surface of the object
and reduci ng6t hehesovethod dfesisino® whetdie: r esi dual process fluid) causing the

residual process fluid to flow off of the surface; an(g (eg3 i ntroducing a
heat ed gas i nt Stepdal Bydher providessa shamber (fiyidly) caynled &0 tbawessel drying
vapor fromt [f 54, A neth in nd drying the surface of
an object) cgﬁ%%g@?tﬂ?@ﬁﬁ%ﬁe ?%bggmﬁ g@% HF%%aa vessel and at |east one
obj ect haying &h%%ér%?ﬁt’in{;@teﬁm_ﬁdé@tﬁ&&éhbbﬁﬁéaﬁ@g% ddyivg d chemi cal
within the vessel to treat the object; (c) introducing a rinse fluid into

t he vessel t compmmd withimd¢he chlanfheortotpgredues sbé dayidgfvapart badsur f ace of

the object; (d) perform ng a quick du t o di schar he rinse fluid from
t he vessel, |ed g(d?é?ﬁlﬂgﬁ pgﬁﬁlgg t?‘FLrLPaﬂ"?fng"t‘%éhr ramher thj ect; and

(e) after di %%U@ng {eLPCE{}ﬁetHS;@r?hﬁgd %&rfiﬁ%ntlt\ gegga.sel , introducing a drying

vapor into the vess vapor condensing on the surface of the
obj ect and reducing the surface tension of the residual rinse fluid,
causing the residual rinse fluid to flow off of the surface; and (f)

i ntroducl@g &-htheedethmsl ohclaimht whewrin the reethodeiurthir includes dheel i ze

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.



condensed drying vapor fromthe surface. 55. A nethod of treating and :
drying the surface of an object, conprizpnog the steps of: (a)smMapzoss 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 the Slihe eshod ed\dlaign Sehurtter inplusiing $hé Istéplobn t he surface of
t he object; (d),aft(fr .di schargi,ng the process {I i d fromthe vessel such
that any remsi nIMEPIUGHRe & NeRteR gas Mo dnedtessal plr SIRRId tRAPIEREZ S ur f ace,
i ntroducing a dgyi ] I dryi ng vapor being
substantial ly fFég@%%&gﬁ@hg&%\ﬁ%Sgc}(r;ﬁst@%h%uurg ed fromthe vessel, the

dryi ng vapor condensing on the surface of the object and reducing the
surface tension of the residual process fluid, causing the residual process
fluid to Pl owl bf f Dhe meshedrdfaclaim=h. whenginhod of treating and drying the
surface of an object, . c rising the steps of: (a) providing a vessel and
at |east one obf %mﬂ&&ﬁ@@%dgﬂa’é@? S)StQRﬁgsiﬁ’ﬁGrEﬂét%j(@ct to a liquid
chem cal withj i . It LY. i nse
flad nto treyatnl ey baRs of H30sME rembfd Hdh 1RE VesRE: Aol 100
surface of the Qbép?&ﬂ),inbh.&iersiﬂféesﬁ‘e}dulbﬂubiagiﬁﬂaﬂidrigﬂdtb taveglthed thin the
vessel ; (d) discharging the rinse fluid fromthe vessel so as to drop the
liquid | evel dfyindhwappoéess the upohate lagatiorinto the vesseht h t he el evation of
t he surfq , leaving residual rinse fluid on the surface of the object; and
(e) after discharging the rinse fluid fromthe vessel such that any

remai ning |iqypd | uelmbthdd ofRifneY FtWwRBrdiWer than the surface,
introducing a drying vapor 1nto the vesseT, t he dryi ng vapor being
substantial |y frstepdé) fiaploer prozndesi al chamberufitiety toapledh thesesdsel,t he

dryi ng vapor condensing on the surface of the object and reducing the
surface tensi on e ghambespasitioned femately from shevegselhe residual rinse

fluid to flow off _of the.surf S L. t hod ,of .freating and drying the
surface of an Obﬁfhgcqgneggﬂﬁ:aisé?ﬁgn?lﬂgegttﬁsgsggg :oq he_a&w Téify'. Bovi di ng a
vessel anpgat chffsdurl it Kb éh%mmaagwcm@e@he(@ayiﬁgmﬁbn%dﬁe obj ect to
a process fluid in the vessel; 6 May 2003 (c) performnhg a quick dunp to

di schar ge t he prstepsid) fimclisdes passingetheceamier igas| thegugihdine Shambende, | eavi ng

resi dual process fluid on the 3utface of .
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.



the object; (d) after discharging the process fluid fromthe vessel,
introducing a drying vapor into the veggel, the drying vapor eqmiyjmug ng 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. 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 surfidce; The)mettpasohglaithel Bbinetuding the Istepiod ristsing thed wi thin the
vessel to treat the object; (c) introducing a rinse fluid into the vessel
to rinse the cHbipetawithyezanated vinsediuidprianionstepddiurface of the object:
(d) performng a quick dunp to discharge the rinse fluid fromthe vessel in
| ess than 5 seconds, |eaving residual rinse fluid on the surface of the

object; and (@), A Aiethbd Qﬁetwdtw%bhs driyimgete éhr‘i'aéé 8fmahhsbjEessel

|ntrodu0|ng a drying vapor into the vessel, the drying vapor conden5|ng on
t he surfdge of ¢dmpn$1pgcuheastdpsm:fum ng the surface tenS| on of the residual

rinse quid, cau i ng . the reS|duaI rinse fluid t? J I of the surfaces.
. An, . A9. Aa [@/VI ding a Nes BAB\BP }/aqq_lber luidly coupled to bu

@A( ?Xﬁ?ﬁ%@é N@%ﬁﬂﬂéfﬁt E&@%%A@Rﬁh@%@im%ﬂ Au@ AYNS. AL:

f.ANS. A(@. A . A(. Augfate?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
aU] ca UV] cay] ca]biatqaihig:thew@jeal w]nma]w%pmemir@_pﬁocedure outside

Jca] o] cMoa] ca] cae MESaPe APIPEKPE ) Bk SRy Raving restial prosess o7
#3#n% Y0080 &4&v &&&H 1§ the V(((),)h))))2*p**{vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cafuca] caf cal'ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] c”a] ca] ca]
ca] cal **! +d+l ++{ch, poditibliag] the4e 89 dbjedt A AR RREeIZCCEQE{ vl gb] X] c] ca] ca] ca] ¢

2] ca] o) Ca] 6 ERTREHRE RGIENAEPCIN Y SDODIARKRBRLLL LM val Gb] X] o] ca

Lo AL e e
Wagb] X] 15 carrier gas carrying the drying vapor from the chamber 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.

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;



UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca
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29. The method of claim 28, 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.

30. The method of claim 25 wherein the drying vapor is formed
from isopropyl alcohol.
25
31. The method of claim 25 wherein:
step (a) further provides a lid for the vessel, the lid including at
least one inlet;
the method further includes the step of sealing the vessel using
30 the lid; and
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dump door moveable between an opened condition permitting

discharge of fluid through the dump opening and a closed condition

sealing the dump opening, and

a fluid inlet formed in a lower portion of the vessel;
25 a source of rinse fluid fluidly coupled to the inlet by a fluid line;

a source of process chemical fluidly coupled to the fluid line;

a drying vapor generation chamber fluidly coupled to the vessel; and

a condenser fluidly coupled to the dump opening.

30 39.The apparatus of claim 38 further comprising:
control means for causing the vessel to be filled with rinse fluid
from the source of rinse fluid, for opening the dump door after a
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L9: 1 10%@&@& () - Le' i idikuds a plurality of fluid manifolds formed therein

and a plurality of vapor inlets fluidly coupled to the fluid

manifolds; and

10 | the drying vapor generation chamber is fluidly coupled to the
fluid manifolds.

41. The apparatus of claim 38 wherein:
the drying generation chamber includes:
15 an enclosed chamber, a heated surface within the chamber for
receiving a liquid drying compound to create a drying vapor; and
the apparatus further comprises a carrier gas source fluidly

coupled to the enclosed chamber.

20 42. The apparatus of claim 41 wherein:
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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dispense tank;
a second valve between the dispense tank and the vessel; and
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
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.

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

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
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.
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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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10v@e () - (a) providing a vessel and at least one object having a surface;

(b) exposing the object to a process fluid in the vessel;

(c) performing a quick dump to discharge the process fluid from the vessel,
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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@, 109%& ()- 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) 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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(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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(a) providing a vessel and at least one object having a surface;

(b) exposing the object to a process fluid in the vessel;

(¢) performing a quick dump to discharge the process fluid from the vessel
in less than 5 seconds, 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.

58. 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;

(¢) 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 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.



