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METHOD AND APPARATUS 5 FIELD OF THE | NVENTI ON The present invention.

rel ates t owo28i06cessi ng of semnm conductor wafers or sini [PEATUSOY2K706
articles. BACKGROUND OF THE | NVENTION 10 One of the nost critical- steps in
t he wet-processi ng of sem conduct or wafkrs or simiar flat nedi a, (such as
phot omasks, flat panel displays, hpgdcfigiioredi a, CD glass, etc.) is the
drying. Any rinsing fluid that remarns on the surface of a sem conduct or
waf er has potential for depositing contam nants that may cause defects in

the end product Vﬁ@gk@gg’ﬁﬂlﬁg@ %&Ebft%%@fiﬁo NI WPBARA Y ) Water is
used nost frequ . er fluid
after rinsing, DI water will cling to wafer surfaces in .sheets or

dropletg, due to surface tensi yi ng process shoul d :
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or safety hi sks. Various technol ogi es F?ave been used in the past to dry

waf ers and ?@H‘Eﬁ!@'th_e | evel 20 of contaminants left on the wafer surface
after drying. Whether a particular drying technology is appropriate for

drying a wafer often depends on the affinity of the wafer surface for
wat er in other words, V\hetﬁép@mp%ﬂ?ﬁg@mﬁm%hi lic or

hydr ophgbi c. | topd b aldvy dltd 4 § e . d_waf ers
whi ch ﬂve bot ho‘r‘flygfrg’%%?‘ﬁk ?‘%‘%}j g‘%&f*é%ﬁ%%?@?%%%@%ﬁ%@éﬁ@ %ﬁ% 0"t he
varyi ng dr sipliler flatrmediat(suchsasi photomakks; flet pansl displdy hat disk eteslid, ICD igiass,

hydr ophobi ' : A\t Sl f vering, the.hvdgophilic, regi ons.
Some.dryi nge? SEREBSLAT s b enhd g ERHls ot el BEE P nefp 7 viheS

f ol | owi ng: has potentigbifor &positingrcpmmminaiifsethet ndy yoanse defectatia the déndOproduct .
f undanent a chanisns.. First, .t.he £, 1S set into spinni not{ion to
renove bul e%m%vppbﬁq?ﬁgé%g%?mﬁé §EQW1§B§#W?9\5 ﬂ“‘?‘“gig'éﬁ?&% owi ng
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because surface tgension betweep the ,substra}e and the residual liquidis

greater t hSfStSHE ep. dye toetiiriare trusions oldeally, the deving procewsashonldhpperatpl i ed
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evaporation, .is then ysed. to conplete the drying process. The evaporation .
rate i s coWASRUiars hils pegeniing aaienicanmentyl or safety risks. e '_
Various technologies have been used in the past to dry wafers and reduce the level
20  of contaminants left on the wafer surface after drying. Whether a particular drying
technology is appropriate for drying a wafer often depends on the affinity of the wafer
surface for water in other words, whether a wafer surface is hydrophilic or hydrophobic. It
is especially difficult to completely dry patternéd wafers which have both hydrophilic and
hydrophobic regions present, due to the varying droplet characteristics — large isolated
25  droplets in the hydrophobic regions and a water film covering the hydrophilic regions.
. Some drymg technologies that have been used in the past include the following: . _
A " Spin-Rinse br;vérs._ Thesedryersoperate on two ﬁindaiﬁgnwl mechamsms '_ |
First, the wafer is set into spinning motion to remove bulk liquid from the wafer surface by
centrifugal force. Following removal of the bulk liquid, some liquid remains on the wafer
30  surface because surface tension between the substrate and the residual liquid is greater
than the level of centrifugal force that can be reasonably applied to the wafer especially

near the center of the wafer. A second mechanism, evaporation, is then used to complete

the drying process. The evaporation rate is commonly increased by maintaining a
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waf er, thus inproving convection. Heated nitrogen gas is typically

i nj ected | wootrdseeepr ocess chanber to further increase evaparEUs$0eR6706lr yi ng.
This drying technology is limted, however, by the followng factors: (1)
Wth 5 hydrophobic surfaces, water dro@s can tend to becone isolated on

the water d LEfl.cult fo reno and contam nants entrai ned
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stress limts of the wafer and the tendency of high rotation speeds to
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| PA, t waf.er is.then wthdrawn through a cool zone (having a series of
heat eE@haﬁ': imgbﬂnflgacnﬁ’ﬁﬁ%ﬂ&'gma?&&bout g50-degrees C o§ Iess)g whi ch

conpl etes the cBodengapiopy Altokioh P} Vapmu%&samewmoﬁf;&a By fimfiersidd  Of
the wafer surface, Jf. Y water dries.in place on the wafer, however, it
will |eave %W@?edr?ﬁ}’ﬁ 1 watet dnto & heptefl envizongent satwated yath WA vapes Liguidt abl e
by a part [PA ®a€asighificantlyiowe 5utFad@ tdnSioh TRAOWer. Sin! thétypR@l BYA VhSor{dphdrowi ng

factors: (1) It involves hh_e. I nherent hazard of causing | PA "a flammable
liquid, totl5eapey shambst itselfig heated topaintain an ipteriopwall ferenssature af around 861

Poi Nt . 1§2) 126 deRERY CCASIIPA GABSINBILIGE O thd Rafet sirfdcR! Wit ¥n %foa@é & (3)

It creates rela ivellg}/ hi gh fugitive organi c vapor em ssions. eenaars et
al ., U S. pigplacedoby B Ax7Therwafer is mainiained in theewapowzang forr abovt/$ mynutes, gehiicks f r om
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unsaturated solvent yaggr contacting the wafer. e vap
t he waf er wafearis dhenawithdrewn tBough ateool gope ¢having « seribs folidab excimngd eoitwaf er

surface s Oof)’e?atgrfé aﬁ\éginﬂ 5"6%@{1:% bi oqqgs) gvh%h%gmpletes the condensation of the alcohol

20  and causes it to flow off of the wafer surface. If any water dries in place on the wafer,

)

however, it will leave a water mark in the form of a spot or streak which is detectable by a
particle counter.

This drying technology is limited by the following factors: (1) It involves the.
inherent hazard of causing IPA, a flammable liquid, to be boiled at a temperature well in

25  excess of its flash point. (2) It requires the consumption of IPA at relatively high rate. (3)
It creates relatively high fugitive organic vapor emissions.

C. Leenaars et al., U.S. Pat. No. 5,271,774, discloses a device for removing
liquids from the surface of a wafer using rotary motion in conjunction with an unsaturated
solvent vapor contacting the wafer. The vapor is delivered to the wafer in an unsaturated

30 state to prevent condensation on the wafer surface so as to avoid an additional drying
treatment. The vapor is miscible with the liquid film on the wafer, resulting in a mixed-
liquid film on the wafer having a surface tension lower than the original liquid film. This



treatnment. The vapor is mscible with the liquid filmon the wafer,

resulting in a mxed- liquid filmon the wafer having a surface tension
| ower tha ﬁsﬂglgl nal liquid film This WO 01/25706 Pqﬁ%gﬁ 06 3
m xed- I|qU|c1lﬂ mis then renoved fromthe wafer surface by centrlzfugal
forces generated by rotation of the wafer as the vapor continues to be
passed over the wafer surface. This drying technology is limted by the
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drying process sent |n 0_pr V|de an
i nproved P¥ %@Eeg PB?’ a&?ﬁ%gqtggjﬁf %%Wﬁné ch%sr g hToﬁPs qui ckly
and 's& el panifachfingaBronghputiiatesngd) Ilt @t asefill fopdrying! roré Ghancotieatifagifa or
chemical residue, The wafers may be patterned sen conductor wafers or

simlar "E’#ﬁ’satﬁéweng bot h hydr ophobi ¢ and hydrophilic regions. The

i nventi on resuﬂq%;%ﬁsf el ﬁnﬂtamoﬁymfém i kS indd bthed Brybige Pocauass, ¢ Rrant s
described. 15 STATEMENT OF THE | NVENTI ON A net hod for dry| ng . sem conduct or

vaf ers, aehiest 6f thg present ipyentien fo;proyide gp improved prpsessifendryingcsemicon Wm ng a
waf er Wet%ﬁt@ﬁw Bnditaf) SeRE Julickif aRd safeﬁpwle 1&f\eng %ﬁinal Jeveld) BP

oriented the wafer 1n a substantially vertitca | ane. ) saturat ed

with B swntaginantssgyehemicalrgsides] Theowafeisanaydfeapattemed mgonﬂmor %&mj@msat i on
fornms and r ion of the wafer by the
r ot or Sé“qil r{ées}l Ymgl on%ghgg@abéééas gro}ﬁﬂ% ré’él@:?sr ushi ng and di spl acenent

of resi dual fI'Ihedmv&Titnnpasdesgas ofellaimd sybegmbinatiens of thewstepy and @ldmentsd wi t h
the rotatjon..of the wafer at a second rotation speed pronotes drying of
sol vent c ‘Efé‘ﬁged on the wafer. V In performng the nethod, it is

advant ageous to: 25 (1) Wet the wafer with condensed sol vent vapor as
qui ck]y as possible. (2) ] Sﬁd@ﬁ# J[ﬁ m fluid with condensate
as quls\c/kl y and thoroughl y% _ I(gl'.s E b&gt he sol vent condensate .
. fromthe wafera &natﬁoﬂC&r@mF%miwndm watkrse Bécording 16 facfilsb laypedt bpdevapor
pressure substance typ| cally | rgga‘{j soJ ve td Preferablﬁi the rotor is
cont ai nednygntiepninghides plpcing. @ ‘B%nS"c uid on a rotor. ~The rotor is- ]
preferably oriented with the wafer in a substantlally vemcal plane A gas saturated with a

" solvent vapor is passed over the wafer surfaces until condensation forms and displaces
20 residual fluid. The rotation of the wafer by the rotor at a first rotation speed assists in the
| flushing and displacement of res1dua1 fluid. The passage of a dry gas over the wafer
combined with the rotation of the wafer at a second rotation speed promotes drying of
solvent condensed on the wafer.
In performing the method, it is advantageous to:

25 (1) Wet the wafer with condensed solvent vapor as quickly as possible. (2)
Displace residual rinsing fluid with condensate as quickly and thoroughly as possxble 3)
Remove the solvent condensate from the wafer surface completely.

The solvent is preferably a low vapor pressure substance, typically an organic
solvent. Preferably, the rotor is contained within an enclosed process chamber for

30 performing the method. The dry gas is heated before being passed over the wafer.

In second aspect of the invention, the process chamber is pre-heated and pre-
- saturated with solvent condensate by injecting saturated vapor into the process chamber
before placing the wafer in or on the rotor. This pre-saturation of the chamber and rotor



30 performing the nethod. The dry gas is heated before being passed over
the wafer. In second aspect of the.invention, the process chanber is
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saturated vapor into the process chanber before placing the wafer in or on
the rotor. This pre-saturation of the chanber and rotor WO 01/ 25706
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I nvention; FIG .2 iseda\ %{]ocess fl ow di agram of the vapor assisted rotary
dryi ng net FREEIEAS FRZEUCEh ontion: 15 FIG 3 is a partial cut-away
perspective view of a rotor that may be used to dry a plurality of wafers
usi ng the vapor assisted._r ' f t jgvention. DETAILED
DESCRI B ON OF THE PRI:I—I:F\P? f@&é@ﬁ%&%&ﬁ&ﬁr%@t es the basic steps
of a sem conductwy, Maf£Biagkarl IRistPdRingGHe bfbcesdthgadieRr sTARE Qapdridisige® réaigect of

t he present invention. Al though the drying process is described here in
ref erence twingyaethed offhe inventiony of seni conductor wafers, it applies as

wel | to other apideligs &ﬂ&nﬁia@ﬁoﬁﬂi@%ﬁ&fa@sﬁm@%gm%ﬁmﬂh%fwm;

"waf ers" here 1ncludes these and other sinmilar article ferring now in
detail to Hvention; at |east one wafer initially wetted with rinsing 25

fluid ys placed i rof ' h n in

top 100 Al hounks 3 & Sl At Be SeroBiANAER of 300F et BBy hEMREPENNES | |

t hi s chanbplurality of Wafess, usingahe vapat assistet rotaryairgisg ngptlexiaf thesivednitipni ncl udes

imersing the wafer in arinsing liquid or spraying rinsing liquid onto

the wafer. At the conclusion of what may be several rinsing cycles, the
. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 illustrates the basic steps of a semiconductor wafer drying method in

20 accordance with one aspect of the present invention. Although the drying process is

described here in reference to the wet processing of semiconductor wafers, it applies as

“well to other articles such as disks, substrates, panels, etc. The term “wafers” here
includes these and other similar articles.

Referring now in detail to FIG. 1, at least one wafer initially wetted with rinsing

25  fhuid is placed on or in a rotor in a process chamber, as represented in step 10. Although

the wafer may undergo several wet processing steps in this chamber or others, the final

wet processing step usually includes immersing the wafer in a rinsing liquid or spraying

rinsing liquid onto the wafer. At the conclusion of what may be several rinsing cycles, the

last rinsing cycle typically uses deionized water. If not already oriented vertically, the

30  wafer is oriented along a substantially vertical plane to prepare it for drying, as shown in

step 12. This orientation allows gravity to assist the drying process along both faces of the

wafer. Substantially vertical means in a position such that the effect of gravity contributes

to the drying process, preferably within 30° of vertical, and most preferably within 15° of



| ast rinsing cycle typically uses deionized water. If not already oriented
vertically, the 30 wafer is oriented along a substantially vertical plane
to prepargn.i drying, as shown in step 12. This ori ' I 1 ows
gravity t 0 is/;sslt"s?‘{ the drying process along both faces of the b@‘/a)’ er.
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from t He solxémtrcosdenfatee by t he sol vent condensate. The next step in the
dryi ng processyincl 4 procedures t.hat . preferabl 5 rti.al overl ap
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first on s
fluid from the wafer surface, to ensure a clean drying process. This first rotation speed is
from about 300-700 rpm, preferably 500 or 550-650 rpm (when processing 200mm

diameter wafers). High rotational speeds should be avoided since the wafer condensate

film forms most quickly at low rotational speeds. High rotation speeds are less effective
25 as they tend to evaporate the condensate as quickly as it forms. This first rotation speed
should be low enough to allow condensate to form and displace the rinsing fluid.

The remaining step in the drying process advantageously includes two procedures
that also overlap in time. The first procedure is passing a dry gas over the wafer, as shown
in step 18. This dry gas evaporates the solvent remaining on the wafer surface.

30 Convective drying via the dry gas may be further aided by optionally heating the dry gas
before supplying it to the wafer surface. The second procedure, which advantageously
occurs simultaneously with the passing of the dry gas over the wafer, is the rotation of the

-wafer at a second rotation speed, as shown in step 20. This second rotation speed can be



shoul d be | ow enough to all ow condensate to form and di spl ace the rinsing
fluid. The remaining step in the drying process advantageously includes two
procedur es woégfis7ed SO overlap-in tinme. The first procedurepchusesiosg a dry
gas over the wafer, as showmn in step 18. This dry gas evaporates the

sol vent remai ning on the wafer surface. 680 Convective drying via the dry

gas may be. ft r ,aided b nal |y heati n the dry before
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800- 1800 rp abl.y 80Q- 1400 rpm peri ment results confirmthe
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drying prodeswafepwhile e wafepspiny ata000 RENIhONEh idprepyEhlcokdl Vapsh diliviredto Wat er
requir nutes to dry with nitrogen delivery to the
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residual water with the rotor spinning at 600 RPM the wa in
| ess than thewvafer and oppiinped retationeat 600 RP ry to the wafer and conti nued

rotation at 600TRPMafdrb&n ?tm%rﬂh ! ﬂ? 3 a
condensate as l&:l ckly as &g{ijg{sem per %irlﬁﬁg‘é%{] é%gg,%*%
condensat e ppssible. n pesfernting themsthady Ia)ll)qudmkimsa&!'ﬁlmukl form I(as:blyb lof nhe’BO
second SRS ere r shoul d
be di sg?ac%f yﬁ‘t Eg : co¢1&1 L’as ‘(’:ﬁf{]’% e;a%gﬁ qﬁ‘?{b %Eﬁfﬂ?‘% gﬁ \rv%ter with
di spl aceneshouldripl daspiabednby diss alcbhoi ék()qmeklgnﬂﬁi aﬁﬂl&brﬁﬁgﬂﬁraablbdmb&ssmﬂhan 60
seconds efera Ln e an 4 econ thle than 30 or
SR L T REANCERN e T TSN RN 0
I hd:c cat ﬁf' byefér?ﬂﬂy andlew‘ thzﬁl 45 sgdgﬂm%t% ﬂesséi?aéi %Smlt P@mofi&ca&goe&é& more
preferably i ss, tha 0 seconds illustrates a process ow
di agram fopmgeqﬁgf @i‘e {JP‘%P&%& Wﬁf&"’&ﬁi‘&”ﬁ‘ﬂ indicated by therprstipffolar chrmgehin
presenpoi Nigsithak 60 sedBAds, PreferSbIP i le&¥ than w&ﬂwﬂsezé@{de.r 160 in the
FIG. 2 illustrates a process flow diagram for a wafer drying method according to
one embodiment of the present invention. Upon placement of a wetted wafer 160 in the
~ process chamber 150, the drying process is initiated by releasing dry gas 101 from a
pressurized dry gas reservoir 100 by opening a regulating valve 104. Various gases can be
25 used as the dry gas so long as the gas used is inert, to minimize the potential for reaction

with the solvent, wafer, rinsing fluid, or any contaminants present. Suitable gases include
nitrogen, carbon dioxide, and argon. However, nitrogen is advantageous due to its low
cost. Flow of dry gas is controlled by a flow regulating system 102 that includes a
temperature sensor 104, flow element 106, and regulating vaive 108 connected to a mass
30 flow controller 110.

The dry gas 101 preferably flows from the flow regulating system 102 to a gas
heater 114 that heats the gas 101 to a temperature of 30-70°C or 40-60°C and preferably
approximately 50°C or greater. While this heating step is optional, it helps maintain
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process chanber 150, the drying process is initiated by rel easing dry gas
101 froma pressurized. dry gas reservoir 100 by opening a regulating

val ve 104, V s gases can be 25 used as the dry gas t he gas -
used is .‘H‘aﬂ g"&; mnimze the potential for reaction S&t.ﬂﬂ%taﬂéﬁalgsol vent,

wafer, rinsing fluid, or any contan1n9nts present. Suitable gases include
ni trogen, carbon d|0X|de and argon. However, nitrogen is advantageous duer-

to itﬁ I@aturanl ozbfﬂ:EIgasAwa]i:rmﬂ:;tmgauponmﬂmwmkélfefhtbapc?pfd@udmmb&h%dag syst em
102 t hat |nc u rature sensor 104 0 enent an

regul ati S§™ &ﬁ'fd%p‘ m ivﬁgggamgﬁﬂlpg E?ﬁ??ed?r?éﬁ”glfﬂfateq‘he dry
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heater 114 that heats the gas 1Q1 to a tenperature of 30-70C or 40-60C and
pr ef er abl1}§6 twmoaﬁmwag@a‘amm@mmedwmgm his heating step is
optiogal, it hgt pﬁp&@bﬁ&%ﬁlmo%{—@é@&h%ﬁ%@&f 2@7% soiveaﬁﬁé&&tm@n of the

gas-vapor m xture upon m Xi ng w th sol vent vapor pro uced he vapor

gener at ofthat Theatspiths rsgivemtd te ghtemperatyred @ﬁm%Q-?Q?&'mOmf 4Q-ﬁ@°c'g emldb emfmblmr e
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cont ami nhedter E3% viaicirewlating whter {35 . Aﬁer'ﬁWeloapnnngmosngmdlmﬂ4uch)amtheses a
sol vent erv sol ven eat th s the so nt to a
oo at oo wallpr i solfids REAER L2158 B nikel iphb or RS bRTGREAH 102
exchqapge 180 | A tbinperamm:bmsgelmpfovm@\tbe&dcﬁ mrpemmemwhbf thecHgned 132 vi a
circul ati 33. Alternative an interp n ms as the
ot { o waneR 128 T diapties ket Pecpaen 1k Sasort] A e SRS IS el ¢ oot
exchange tiepéfore ﬁr&nat%%amﬂoamep@ BEffleSIOBSS boskiched iMvidelite v& Sﬂﬁtor
tenperature contraol _of quid. solvenf 128. To naxi cont act

bet ween A& Thegasd3S sppp Pﬁ@%wmseqw 124 may; bromain mﬁm"@wéawuratlon
a spiral g Wi gtéaﬁn&a@sthé vﬁﬁﬁéﬂ&aﬁi&&%lb&ﬁ'vﬁﬁ‘ortﬂ}% g HERREPHAGW of ikddry The gas

135 sup to the vgtg generator 124 be mai nt ained in a saturated or
near [1§- ssmllﬁl é%lats‘tea@ WVPPPTeFW‘F‘H’Pﬁ’éGa@&Y g tvaperpesnersier ri2du| The ¥ePorhe mass.

flow of élﬂéasﬁr@awn% a&&étﬂ@d&%haﬁﬁ@‘lﬂ&hﬁﬁﬁ sbREA 1Y the

vapor ge erator 124 e vapor - production rate nay be neasured by

moni t ori ngnmnombleﬂtedwaphemn@rdaﬂ Biegauisel of tedifficultyyof maigtainingvapen by t he
vapeor gener > Ty fruPRd in a
truly sal’%?%@%%@g%, Ef?ﬁe %te %gf ur athg%%&u%lﬁceé rrear%fsq&zgét}tl?at ed or nearly

sat ur at edvitlﬁmlhblﬁhﬁtsbﬁﬁlelvhpbrtgnemotm systgor gener at or and system
20 From the vapor generator 124, the saturated gas-vapor mixture 135 flows to the

- process chamber 150 via delivery lines 138 and a vapor delivery manifold 140. These
‘lines 138 and manifold 140 should be as short and direct as possible to prevent the
saturated gas-vapor mixture 135 from cooling before flowing into the process chamber
150. Accordingly, the vapor generator 124 is preferably located immediately adjacent to

25 the process chamber 150. The lines 138 and manifold 140 should also be heated and
insulated to prevent vapor from condensing in the lines 138 and manifold 140, which
would result in liquid spitting and unstable delivery of the gas-vapor mixture to the
process chamber 150.

The process chamber 150 is preferably constructed from stainless steel for its

30 thermal conductivity and resistance to attack from organic solvents. The chamber 150
may be optionally heated by electric or other means and blanketed with insulation to
maintain the chamber at a temperature of approximately 40 to 60 degrees C. Radiant
heating of the wafer 160 by the stainless chamber 150 helps maintain the rotor 152 at an



20 From the vapor generator 124, the.saturated gas-vapor mxture 135 fl ows
to the process chanmber 150 via delivery lines 138 and :a vapor delivery
mani fol d 14§, E% lines 138 and manifol d 140 shoul d be g&r/gbdfkregnd
direct as p033| to prevent the saturated gas-vapor mxture 135 from
cooling before flowing into the processgchamber 150. Accordingly, the
vapor generator 124 is preferably |ocated i medi ately adjacent to 25 the
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el evat ed terrperat ure sQ as.. to mnimze vapor formation on s aces’ ot her
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conpl etely | osed except for t p|p|ng 1 pi ping
170. 11¢ sdwirmctbemeesanmmprs@moamvymmmmmd to pronote nore rapid 5

condensati on onpya u h 150, To
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chanber 15Matesibl lg:hva;stHﬂ)PE,e S0 las)tcnpro&iﬁé thaeapabifityi mrptkﬂoym hhemfce} protassing.ed

wi th condepnsed so 124 an del i vering

ent . 0 era
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the rotor. aiﬂﬂb'ﬁ'lepdimxﬂ:ai isrlﬂtélyaﬂ bamﬁs bmcﬁhda@rﬁﬁgwhﬁssmasﬁaschegﬁbmhgval ve
172 ? du“"ﬁg tf&!}g qa{];ura ,on step to prevent vapor escape. The process
chanbel® 158 YRS ngg toothe {PSERtBVEntigR, A Sipishing Tinssavsing bot such
as HDPE, s@aRs§ Iﬁ@ﬁél’lﬁ&i @ChdabtheGanlid ¢Habe® perform chem cal processing,
rinsing, and dr all in %%gll e vessel. Due to its |ower thermnal

conductivity, procegs g 50ntheator 152 prefesakly thes punimel surfceiargaent  at
drying waf %ﬁnﬁi&%n&en%ﬁt?&' orf TR EAGbetSard0rofor, &hd'@' xﬁ&ﬁﬁiﬁéé' &Qdé{ﬁ&&tﬂ,doégﬁor di ng

to the present invention. A finishing rinse, using wat er e used,
to heat thwafeniéf) EhegotondAd is preferably fabricated from a material such as stainless steel to

20  permit high rotor speeds of up to 1800 RPM, and to ensure compatibility with all the

el

chemistries to be run in the process chamber 150. The rotor holds one or more wafers.

With the system of Fig. 2 in use, upon introduction of the saturated vapor mixture
into the chamber, the vapor starts condensing on the surfaces of the wafer 160. The wafer
160 is then rotated by the rotor 150 and accelerated. up to the first rotation speed, to thin

25 the boundary layer at the surface of the wafer 160.

Once all residual fluid has been displaced from the wafer 160 by condensed
solvent, the wafer 160 is dried as completely as possible by rotating the wafer up to the
second rotation speed and passing dry gas 101 — without vapor — over the surfaces of the
wafer 160 in the process chamber 150. Dry gas 101 may be supplied to the wafer 160 by

30 closing isolation valves 118, 120 adjacent to the vapor generator 124 and opening a vapor
generator bypass valve 122. Since measuring the flow of the dry gas 101 is unimportant
when it bypassed the wafer generator 124 and is supplied to the process chamber 150, the
flow regulating system 102 may also be bypassed by opening a dry gas bypass valve 112.



Li ke the process chanber 150, the rotor 152 preferably has m ninmal surface
area mnimze condensation on the chanber and rotor, and to naxim ze
condensat_i. on he wafer 160. The rotor 152 is ref er ated from
a materi éyggﬁ%ﬂnstas stainless steel to 20 permt thh rofég“]r speegsécof up to
1800 RPM and to ensure conpatibilitygwith all the chemstries to be run

I n the process chanber 150. The rotor holds one or nore wafers. Wth the -
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by rogat u%ﬁemsmamhéa&dt@y E&seevaﬁ&stemxersemﬁﬂ aﬁﬁ@%ﬁiﬁé‘ﬁnﬂﬁé§bf"lﬁedry gas
101 - vmthout vapor - over_ the surfaces of the wafer 160 in the {)rocess

chanber Wafer 169 by genyeetipn. Rofatign of the yyaferd 60 at the secpad eqtationspesd mometessi ng
i sol at i ORepyRkY Eﬁrelﬂ’lgal sbifnfitly %ﬁﬁrgenﬁﬂuéah?oﬂf@w e%%f‘a&ﬁhomo%ﬁfonaéﬂhepe“' ng a
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t he vapo ener at or ,bypass val ve ‘(1722 to h‘ﬁﬁ‘?ﬁpr}g 5 chanber 50. The

heat ed dri® §HsvVaR0h gatery the copdepsatiop EhesYAPPL, codeRies ¢ he

vaf er 16gpdiycohBiRifE tHeddol EitidaiisePBoiPi76. h’!?hé’\&{tﬂér %eﬁqn@t bd BhatieDoEsidet at i on
speed_pronotes renoval of residual sol vent ??\é ot h centrlfugal force and

evapd? at tsrfirying @pparaiys-o fThe gelventreeovery sy sigmgl Heted Qlyspt gadssNs to t he,
vaf er pr geeeient Cnstmptith. %E%n&ﬁﬁte &c&lfeir& uams%ﬁea; thu Mgaidoadddatgas- vapor

m xture exits the process chanber by "an” 10 exhaust nanifold 170 that

col I'ect sanddirestsyt torthe bm%neﬁ%@sadep%pnghmr whege solyeny rumncpipiag dBed to a
sol vent F&e&vmeycomgfs i sbvdnl 8 'a\rof exgdﬁ{asm&a%n%}e@meqssﬂté , refhov@ndenser

coil 176, an extern hanger and condensate

r ecover y contaminams beforenestugniog thewoivent totthe gol@mt dilsvassel 198 Selvent level ighanber
174, 25\’”6;11%1:1%& AREE regé}og? PFSf the vapor generator 124 by regulation from the solvent

fill vessel 190.
FIG. 3 illustrates a rotor 200 which may be used to dry wafers or other similar flat
media using a method according to the present invention. A plurality of wafers 202, each

oriented along vertical planes, are placed in the rotor 200 via retaining elements 210, 212,
25 214, 216, 218, and 220. The rotor 200 holds the wafers 202 or other articles in a spaced
array ‘without a wafer carrier to improve fluid access to the wafers 202. One or more
wafers 202 are preferably loaded onto the rotor 200 within a process chamber via a robotic

arm.
The methods described above have several advantages over prior known drying
30 methods. There is no boiling alcohol or solvents used. The vapor generator operates at 30-
80 degrees C, preferably at 40-70 degrees C, and with an ideal target temperature of 50
degrees C. This is much lower than the usual 100-180 C range maintained in most IPA
vapor dryers. The hazards of very hot alcohol are avoided. Spinning the wafers during



upon contacting the cool condenser coil 176. The carrier gas may be
exhausted outside 15 the drying apparatus. The sol vent recovery system 173
reduces botyo §is¥est eni ssions and sol vent consunption. Therpsmgensat e
recovery trap 178 collects the liquid condensate and directs it to the
bottom of the condensation chanber, whet@ solvent return piping 186 routes

the condensed sol vent Lgﬁﬁhgtoces ing and filtration system 188 to renove
cont ani nant& BeRgRRIZEE bt the,ime grd agpy of alcehal mequired teodisplage watgrfiem|the) 90

Sol vent | evkerisirfa®, NGRS sfiRfehNobaCyia B he §20r ok Bl BRIRT 21 01
124 by regulation fromthe §q|§en€ f?ﬁﬁﬁyes é%e%é§$gﬁﬁg. [ uggﬁgﬁgs a
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using a ne dj ! Qafe S i ion. A.plurality.of wafers
202, each ?OI‘I tg g‘{na Igglge ver ?lérg{cgble}g{r?eésﬁyéfg&epﬁcg%eﬂpﬁq AMPYES VP vi a
retai ni g emissions durfrp(procssing.25 214, 216, 218, and 220. The rotor 200 hol ds

the wafers 202 other articl in a,spaced array wfhout a fer carrier
to inprove quigkgg%es?xFS&?ﬁéﬁs € FIbY Fmtﬁﬁwoﬂ*ﬁnghghg?éﬁ§$%92m§ﬂé

pr ef er abl y elnbedis@nisnThe ttdrm tvodfer” a2 Wed\dBove And inthe F6lfswiaH BBRAS isdefindd fPDOt i C
arm The net hods d?%%hgged ab%%%%haVS%several advant ages over prior known
drying 30 gle: & types binesliagsingle erplpral The inyention rgsides asmrll vapor
gener at or  @egyRteafortippatins 33 dQHbEE Shdve, Rafbeh Meldfaviihg0- 70 degrees C and
with an ideal target tenperature of 50 degrees C. Thfs is nuch |ower than
t he usual 100-180 C range maintained in nost | PA vapor dryers. The hazards
of very hot al cohol are avoided. Spinning the wafers during WO 01/ 25706
PCT/ US00/ 26706 10 drying mnimzes both the tinme and anount of al cohol
required to displace water fromthe wafer surface. Using centrifugal

force, via spinning the wafers, rather than gravitational force,

di spl acenent of fluid is achieved in less tine and with a | ower
concentration of IPA formng a filmon the wafer surface. The encl osed
process chanber m nimzes vapor 5 em ssions during processing. Elenents
and steps of one enbodinent may also readily be used in other enbodi nents.
The term "wafer" as used above and in the following clains is defined to
include all of the other types of flat media, single or plural. The
invention resides as well in a systemor apparatus, as described above, as
afso in the drawi ngs. WD 01/ 25706 - PCT/ US00/ 26706




1 CLAIMS: 1. A nethod for drying a sem conductor wafer initially having
at least one surface wetted with rinsing fluid, conprising the steps of 5
placing the wafer in a rotor and orienting thesat,|east eina
subst ant i%PPY25Mer ti cal plane; rotating the wafer “With t]ﬁ?ﬁu Por at a first
rotation speed; passing a vapor over {he wafer with at | east sone vapor
condensing on the wafer; rotating the wafer at a second rotation speed to-
renove cohddMisat e; and 10 passing a dry gas over the wafer. 2. The net hod
of claim1l where the vapor is saturated and is passed over the wafer
before the wafer is accelerated up to the first rotation speed, the
saturated vappr isA Iﬂéﬂi&ﬁﬂ)rcdfﬁ Taf'&nﬁ@fn&ﬁct&mwh&rﬁﬁlﬁallwﬁﬂingﬁm%bng at
the first rotation speed, ﬁwﬂ e dry as 1 i s passed over the wafer

whi | e t haurfase sietted,with pasing flyidccompris m speed. 3. The nethod of

clai ny1 wher epjhfiRs WaRRfer if aSBior hrid &%rﬁﬁétﬁe%t%ﬁ&ﬁsﬁiﬁéeﬁ'&%ubéﬁﬁﬁﬂ
sumltaneousl(/) %h the rotation of the wafer at a first rotation speed
and the dry gas ivericabpleseiover the wafer sinultaneously with the rotation
of the wafer SE50 I e The met hod of claiml or
3 where the sgott%rgﬁhed vagglrtg?lgr%?stedﬂg\sfgfﬁﬁg%? édWafer until the condensate
conpl etely di pqsbmgesrapdmvmthswa@rﬁrithladleaﬂtmrget/ap@r eendensing omthe waery f ace of

Specd 1 o g eatating{iwitEt ¥sedog Bt ) el o dedli Gndied AT 0% O 4

or 31phere thpassmgaldeygasto&énthﬂmﬁeed is 30 approxi mately equal to the
first rotation speed. 7. The nethod of claiml|l where the first rotation
speed is approxinmately 600 revolutions per mnute. 1111 IN 11 IN S WO

01/ 25706 PCTI %SO0 ‘Pige/Méthod 3f claim 1 where the vapor is saturated and is passed over the
wafer before the wafer is accelerated up to the first rotation speed, the saturated vapor is
passed over the wafer while the wafer is rotating at the first rotation speed, and the dry gas

15  is passed over the wafer while the wafer rotates at the second rotation speed.

3. The method of claim 1 where the vapor is saturated and is passed over the
wafer simultaneously with the rotation of the wafer at a first rotation speed, and the dry
gas is passed over the wafer simultancously with the rotation of the wafer at the second

20  rotation : speed.

4. The method of claim 1 or 3 where the saturated vapor is passed over the
wafer until the condensate completely displaces the rinsing fluid along the at least one

surface of the wafer.
25
5. The method of claim 1 or 3 where the second rotation speed is greater than
the first rotation speed.
6. The method of claim 1 or 3 where the second rotation speed is

30 approximately equal to the first rotation speed.

7. The method of claim 1 where the first rotation speed is approximately 600

revolutions per minute.

-
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8. The method of claim| where the vapor includes an organic solvent. 9.
The method of claim8 where the organic solvent is an aliphatic al cohol or
5-an isopr gpygbysdeehol . 10. The nmethod of claim1l or 3 wheperibfstdgsi N
fluid is deionized water. 11. The nethod of claim1l or 3 wherethe dry gas
is nitrogen, carbon dioxide, 10 or argpn. 12.- The nethod of claim1l or 3
where the dry gas is heated before being passed over the wafer. 15 13. The
met hod of claim1l or 3 where the vapor is a saturated vapor m xture of

sol vent vapor egtr ai s The Lt im1l or 3
where the vaporBi S sgﬁ?gﬁggogﬁglﬁ g%‘ﬁ%gﬁ eéoﬁé@ﬁ?ﬁ%&&bg?ag?é %‘?L%t'terrper ature
of 40-70C. 20 15. The nethod of claiml or 3 with the foll ow ng steps of

rotating the wager a i j d..passi th turated vapor
over the wafer, §'r ot aﬁu’hg1 t g%\};\/ﬁ@ gé’k&ge ﬁ‘gg)g%aﬁﬂ:pﬁpgvtegﬁg(% @B@%’cfal%ﬂtmp Passi ng
t he dry5 gasnisepropyladcobal.er are executed within a totally enclosed process
chanber 25 16. The nethod of claim 15, further conprising the step of
heating the rotor or process chanber or both before placing the wafer in
or on the rotor 10.17.mmemedbmaiaﬂsﬂawm&hemﬁﬁ%ﬂﬂidtib&eiaﬂwwa@ﬁ process
chanber are heated 30 to a tenperature greater than the tenperature of the
wafer. 18. The nethod of claim 17, wherein the process chanber is heated
external ly. 11111,111FHelhéthbé bf Elaind 1 ok 3! Wherd P 26706
13 19. The nethod of claim 16 wherei n3tdvhlédr%g§t¥gggg%¥sﬁe ?’o‘tg(girﬂgn lE)lr@’ocess
chambel¥i sOL¥ERM| i shed by passing heated dry gas into the process chanber
and over the rotor. 5 20. The nethod of claim 15 wherein saturated vapor
is injected into the process chanber containing the rotor until condensate
forms on the sul3-aceBhegnethodofclainr]l emiwhere the dry gas is heated before being passed

over the wafer.

15 13.  The method of claim 1 or 3 where the vapor is a saturated vapor mixture of

solvent vapor entrained in a carrier gas.

- 14, The method of claim 1 or 3 where the vapor is saturated and is supplied to
the wafer at a temperature of 40°-70°C.

20
15. The method of claim 1 or 3 with the following steps of rotating the wafer at
a first rotation speed, passing the saturated vapor over the wafer, rotating the wafer at a
second rotation speed, and passing the dry gas over the wafer are executed within a totally
enclosed process chamber
25

16.  The method of claim 15, further comprising the step of heating the rotor or
process chamber or both before placing the wafer in or on the rotor.

17. The method of claim 16, wherein the rotor and process chamber are heated
30 to atemperature greater than the temperature of the wafer.

18.  The method of claim 17, wherein the process chamber is heated externally.

AN 0 AU



I nterior surfaces of the chanber before affixing the wafer to the rotor.
21. The nethod of claim 15, wherein the process chanber is insulated. 10
22. The nmethod of claim 1, wherein the wafer has both hydrophilic and :
hydr ophobWe 0t§Pons conprising the at |east one surface FTRYSOAREN6 et t ed
with rinsing fluid. 23. The nethod o{%clai m 1, wherein the wafer has two
surfaces initially wetted 15 with rintsing fluid. 24. The nmethod of claim -
1, wherein thgodryTHaSndBASHNElaY U6 ; § | ﬁﬂlﬁ?ﬁ%@s’é W th

t he condensat gg_to forma vaporza&;{he ﬁeﬂﬁﬁlﬁfgtﬂ?ﬁiﬁeﬁgﬁpﬁ%i ng “the step of
exhaust i shambes iszeeemplished hy passmgdeated devzges into thetnmecepy ehamber midanveetheand 20
through g eondenser by which the vapor is condensed and renoved fromthe
exhaust "stream 25. A nethod for drying one or nore sem conductor wafers
initially having two surfaces wetted with rinsing fluid, the nethod

conpri.sing the,ste of . l.acy t he fer, on ar.i.n a rotor and
e A e o
eat ed nig; iRoglatning the rots0Miti) @pndensale® v il sirfac & rotbAbnd theed vapor
m xture; ,passing the_saturate a Jni xture qver the at |east one wafer to
condens e ItFOT sugaces pEthe chamber ﬁ%@r&’gﬁ’flﬁg Al QRSP ot at i ng the wafer at
a first rotation speed; passing a dry gas over the wafer; and rotating the

waf er at a second rotation speed, | 1Y 0L0T el 10 21111 11 lilt MS
21.  The method of claim 15, wherein the process chamber is insulated.

10
22, The method of claim 1, wherein the wafer has both hydrophilic and
hydrophobic regions comprising the at least one surface initially wetted with rinsing fluid.

23.  The method of claim 1, wherein the wafer has two surfaces initially wetted
15  with rinsing fluid.

24. The method of claim 1, wherein the dry gas passing over the wafer

evaporates and mixes with the condensate to form a vapor, the method further comprising

-the step of exhausting the vapor in an exhaust stream from the process chamber and

20 through a condenser by which the vapor is condensed and removed from the exhaust

stream.

25. A method for drying one or more semiconductor wafers initially having
two surfaces wetted with rinsing fluid, the method comprising the steps of:
25 placing the wafer on or in a rotor and orienting the wafer in a substantially vertical
plane;
mixing a stream of heated nitrogen gas with isopropyl alcohol vapor to form a
saturated vapor mixture;
passing the saturated vapor mixture over the at least one wafer to condense the
30 vapor into condensate on the wafer;
rotating the wafer at a first rotation speed;

- K
passing a dry gas over the wafer; and

rottin the waerat asecond otationspeed ARRT R O



