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SUMMARY OF THE INVENTION

20 It has been found that some types of radiation-sensitive material (resists), in
particular, resists sensitive to ultra-violet radiation and acetal-base photo-resists, do
not function properly in an environment provided with the purge gas and that these
resists require moisture, e.g., water vapor, to develop. However, moisture is not

present in the purge gas used in the known photolithographic methods. Thus, the
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10The noi sturizer for the purge gas supply system and
the lithographic protection apparatus preferably
includes a first region containing a purge gas flow
and a second region containdng water where the first
and second regions are separated by a gas-perneabl e
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According to a further aspect of the invention, a
devi ce manufacturing nethod includes providing a
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1. by way of example only, with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 schematically shows an example of an embodiment of a lithographic
25  projection appa.ratus according to the present invention.
FIG. 2 shows a side view of an EUV illuminating system and projection
optics of a lithographic projection apparatus according to the present invention.
FIG. 3 schematically shows a circuit diagram of an example of a purge gas
supply system according to the present invention.
30 FIG. 4 schematically shows a moisturizer device suitable for use in the
example of FIG. 3.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention provides both an apparatus and a nethod for
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25by a |l ayer of radiation-sensitive material (resist).
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vari ous procedures, such as primng, resist coating
and a soft bake. After exposure, the substrate may be
subjected to other procedures, such as a post-exposure
bake (PEB), devel opnent, a hard bake and

nt/| nspection of features.
o v BBt Bk e PEcplrat ot B et PR Biteensog,
I ndyascabilneséh.| ayer of a device, e.g., an IC. Such a
patterned | ayer, may then undergo, vari ouh?dgrocesses

such as efhoBTanBic PrOFFIPRBIPARTSCRY b YadgPrgRmple, in the

met ﬁﬂaﬁﬁfﬁ@ﬁﬂe%@ mt%)fdt&?&ic@ﬁs (ICHERDuEES BAB) tﬁ@ﬂ)at@@lﬁﬂgsd@tllﬂgmay
etc. i nten finish off an i ndi vi dual

¥t g@e@&/@mult Pafjesn sorgpsponding i #reiadividyaldayen ef thp 6<F and tis
p ro a@%ﬁg 2 b rxm@ge\i%ﬁfoaaqﬁ Etl'b%ftf%ﬁf(e g VMoHan]ﬁ%' Bnd & nlfe dies) on a

epeat e or each new IS | ant to ensure

t hasubstise (ilinon awpfet) thazcthap%/e?n tc@aéw)vvléh a tabie of zadiagige-sensitive
sta i

e Gt 2, PRt ) 2R s fholtls
mor edj fmsi mrgehm)rtmcms thab anaafiasessively tiadatekb vin Hierpgojediion system,

18 Pl el GBE PR oD AL e BB By B e o

sub sabreaa élsﬁm:ltlde carp@sndde beiween thewdiffaerftrigfes of maching. In one

T N

] UXtaeig the@mtiRMmAK ps&emn@mb ehy wrget@nﬂlon arorce. Suskeeh apparatus
aI i gnment ren Y, arra

| e b SRR don oy of 0 FhERY Afar e Ronty
151 evidrasedan es 4 iepasbpai aipedk/ «ath @Rt porashie ﬁrrablyatal by

techni que such as dicin r sa whenc

| nclPRPERSBIY ST a8 e 7 b BATS I O PFORE e?ﬁﬁ‘@ﬂn a given
CONREGLRY dirbctdhtthe "@hfnind” WirbdiRh) WhilOfyEH-bsly eganip fg
such processes can be obtained, for exanple, fro the

b ooRubstte fabisrnapplickasan-perale o thispsfirgetiqne %epcee&n graerpy the
gkfoﬁ)‘%@%@ %}?ermp ‘K/@lq%g§t fgﬁ%n;ﬁcl\léﬁbﬁ fhefodiM %@ﬂbralgfk Bethekpeéarv

’70 07t e7ipthe substrate table lséqanquémg hr a fastor M Hpes @Pw which ghe

p r o 1t 108 ;s?’%_ébﬁr%ﬁ] NiBRé Lﬁ@ﬁﬁﬁl@@%tﬁ lrreglai?d %%fclﬁ)%faﬁﬁilc'dgvlé@ as

ens. wever , s term shoul r oad
| nt hcrprdeetceUech@nenemm@sgiamglwﬁpmdhg Rayane6, 04, 792.

proj ect i
refl ecti f\?e %%%?@nufa@t&h@%rg%s% ‘g{lﬁl‘%afcﬁdslg@t@ﬁéér&?g}m apparatus,
exaaphigern fhe, inadiak) io nn@yd; oreon sebptratt $ot isntleant partially covered

0 t
s eg :Bgﬁ? rgrglg%firat? %t}ec{ngse{?sgtg\{ T erlag{g sgslt) ﬁngr?&ﬁ E:hgln gﬁa%ﬁ%{etga sutbﬁtéate
pro Jr@g?ﬁdeﬂgcb%mmoﬁrocaldrea,tsuﬂrm paxming st coatipoanent &sftﬂmlye
o o B Rl SRS U VeBPr R o
be ekpadure bRl (PEB), raigvenmeaf amﬁe»alsamﬂtmmmmawmpectmn of the
(and/or two or t abl es

K h
St agfEeecd duees ThE REastrece o 5 bisgeas Owréftlf'%ﬁ%lﬁmﬁwdua‘

385 RAEAb LdeviRE, . BRACASRN ¥ patcRiel li}féafnaﬁﬂtén la@deegawane@b
out on one or nore tables while one or

t abPESCHPESUBR P%féch}n‘&'e iporigp %%E%@P%‘é‘g)’ bR lzétfoé‘g%’“datlon’
lit Qﬁgﬁ@%blﬁnﬁﬂ%ﬁ%lx‘@ €., all Sithasciol e off Brin@waiR ler. If
in US. Patent 869, 441 and WO 98/ 40791. Al t hough
specific reference may be made in this text to the use
of the 30apparatus according to the invention in the
manuf acture of IGCs, it should be explicitly understood
that such an apparatus has many ot her possible
applications. For exanple, it may be enployed in the
manuf acture of integrated optical systens, 9



gui dance and detection patterns for magnetic domain
menories, liquid-crystal display panels, thin-film
magneti ¢ heads, etc. One of ordinary skill in the art
will appreciate that, in the context of such
alternative applications, any use of the terns
"reticle", "wafer"” or "die" in this text should be

C e S S SRR b e T PR SE wit v

r s pekd fepedted for eracﬁ G nyasn i im@otanednsurt it ihe ma:rlay
"radi ati on" and "beant are_ used.to enconpass pes

of &UEERSHivayHEhs variousstagked [Ryers i5@f AehUEF #iRops ? &1’05 b
( U\/)puxr{)@%I @Erhél[‘refe@erﬁe matd {& BroRide@¥eIne Bﬂinbreq%sﬁ@@s» on&ﬂ@wafer

57 _or 126 nnm) and extrenme ultra-vjol et
5 adittas ﬁ@fﬁmr@thg origin &§ # ARPréingla s¥sicE R the Pater- ﬂéslrrgaq@a@al gudq

nm e}e@t?on;\pd%leé m%m@ﬁa‘éﬁbxﬁklﬁh g @ﬁHﬁtrat@ H&Her%sﬁlgﬂné’m
or electron beans. schematical ly depicts

a | tefeorgd avdm;nqﬁebﬁtsé@hgrmpnapp@mé} this markcap thgh h@r Qgatgeh each
e”b?fu TRl 1@1 Lm BE RRERbscl BY BLLiQg 1a5R€ aﬁ‘cPPﬁ] R ok an

i ncl'udes a Base p he apparatus nay al so

in c Iahgmnmt refedérae. |Eynnisdm earta of devgces vl vwnemt en the pybstrate

1 ol 8 rgoﬂ#el ;%eyfé:g?%g)dh ?giaﬁt%gfrdn’?ﬂr&rl\ﬁngg@%’ é’\ﬂem?ucﬁ‘le TRdks

ret |dﬁ:hr@)o,r sawidg,ivheparthe ptliyitiualdesices gag be p@smted oma pgrier,

device at rat el n
Fes samecED ity B Aoy B Ao e PR ke
obj @btained, lfbﬁetxﬁmple) frém ﬂie&)oW"MB:rcphlp\HaHﬁmhtimﬁ:tA] Pactical Guide to

substrate, hol der conf h a substrate W.

(. gemitaangtr EfbesBeLd WHFALBR tideler o 4itg Mt
1§0mﬂ’ﬁBﬁsﬁ{i’1thb ,398E COBI Oﬁna)m%m ng devi tr:]e PW t hat
accurately positions the substrate with r ect, to t

20 proj ebrit Sag?gf gyt ’%’ﬁgroi?%?nesé’fﬁe@ﬁn j?? 6159 rgﬁ'ged
PL Sasdhe Ged¥I"MHdWevel, Sithm ShoGlABE bEHAEE Antbr dté’ﬂw%n@ﬁhpassmg
irradiated portion of the mask MA onfo a.tar

por VRIS (ypeoigroieetinmsy stanrpeluiee 15fraghiye aptifses e%lfve pRfics. and
SUb%EtﬁﬁBxl?mWystems for é?arrﬁﬁé’ ehéRRiatb LY stelnBayPdRARGEMS 1S

of a refiective type (i.e., has a reflective mask).
2B wwsomponei opwpiingiccortling iredpy &f Sigseisiesian types foadissefiag ishaping

fAJy P®r ccfn%llﬁ? ﬂ{gHr ectl%ﬁ Wi o Braliin @S Eﬂcﬁs%bl’{ @orﬁ%gnts may also be

ternative paratus may enpl anot her ki nd
of peferastitn |bnlgwd@llp@tefe ysueingderha ap@ deish mmﬂbprethﬁhﬁhogfaphlc
arr
%Xpa?gtu%nzgsyy tﬁe of%styp’e% 95& ‘t:vgo 5rQn uc egtratg%ghag?a;hgﬁpr?c I more
pr oahasleslbkea)dlnaducbhnulﬁpir: stagfé\dﬁawsoﬂle a&iﬂﬁ@dl fablepmanbe used in
te m
Zai " gsliaﬁ Preg%r%(tépl Shean tha n%{ g%&eagng f)e 00%19 !)1J1‘0ne ddrtn{b% tables while one
devioe ﬁl,or@aﬂhﬂn tabdes arebiemgﬁwecplhnd’@ps@é Dﬁzd rstage( hlthpgrephlér he

illumnator IL ma cl ude .an stl Al at

et PR B e deRhtb i irane i PR, S P 1 B 4O

ref eguemit o as a- outer 10 and a i nner, respectively)

of the |n nsity i bution e bean1 n

2ddi t1 onAl oeugmqum SHErRr Iyabem?cf%%t%%t&a@%‘ﬁ%%ﬂthe

3@0ma :ﬂﬁssaccc%blﬁ@ t@ﬁlemehﬁana@ﬂﬁtn%uﬂa&umles @lﬂsﬁdﬂdl&er
n.this way, the beam PB |n8|ng|n on th E

e PSS IEerotd 18k PR 51 SAREFEITH DETORDAPUEF B A AP PP

| S Fof Q&SRR hla9be eRmbloySiaWhndRfo RS ﬂfﬂeﬁrﬁteﬂ efidalsybtems,

FIG 1 that the source LA nmay be within the housing of

the lithographic projection apparatus, as is often the

case when the source LA is a nercury |anp, for

exanple, but that it may also be renote fromthe

|'i thographic projection apparatus. The radiation which

it produces is led into the apparatus. This latter

scenario is often the case when the source LA is an

exci mer




10l aser. The present invention enconpasses both of

t hese scenari os. The beam PB subsequently
intercepts the mask MA, which is held on a mask table
MI. Having traversed the mask MA, the beam PB passes

t hrough the lens PL, which focuses the beam PB onto a
target portion C of the substrate W Wth the aid of

t he second i tioni VI ce PWand nt er.f er.omet er

| eRan BL i ae® Pl Hmaetn SRR U e LR ary!
e.g disp&? paels thirpibi ia@ietid hédde, <8 Ont of @einaRyckill o 4 will
theagat of the beam PB Erq’larl the. first

pos PPPEFR ok &g BOTBRN ChPhal et PP i [oge of the terms
POSinfekigl8", ' REfeMS kdlMoanﬁhlE fext @9PRWe chiideh asaélh wplaw&by the
beam PB, e.g. after nechanical retrieval of %e mask

R fresmgeershiskng 'ians 1 ySubgfratef apd rgrast Rosten rpwe@t@ﬁavr al |
novement pofe ﬁx@?en@@dcﬁﬁﬁentt Abkess Mhgiallh Wh lbehg eakiZEd
with the aid of a ong-stroke modul e (coarse

pos ienoFpassg)! tered Oﬁelgqﬁ@mag@ﬁtae ddéatippdin¢ledipg plgraviolet (UV)
IOOS k&dlﬂﬁh&%\% : withhh %Qvﬁ gﬂf%}%? XPkI )3t p? HEPS ﬁ&?&d‘ e&treme

ver case of a vva er st epper
o p pubreviolet (BUYD eq&iwéwu (sgamvingpavayelgsgth intbe rragk S {zabm as

IMT ORY a%)gaci‘tlclp fe %%Tﬁl%ﬁ ta?f%&ﬁa%&?sacﬁn'gper ﬁonsl;era e actuator,

or nay € nas e su strate Wrray
be al i gnEl&. Uscheqatiealy dapmtgradﬂmgraphnclpsoJMOmmbamsdrmtcordmg

subtrat ment rks. PlL.and P2. The de
oo S oA SRR e ol TRRPus L HELOS S e
st eBPDiitegppirhatas Aag kisd ahluele bfadiaiok e@irceciss €ng.] BllTVradiation). A

stat.i on tire t

ono Bt PGt oy BRaTE i AT SRS ofagBE oG fp e o
17he rr&tlslleAf @lgg atretile), AT id Sonhdvesd t6 Bifikdt pekitichidghRvide BROhaY

Y directions,so that hfferent 30, tar oH?io

can 2BTaily Bt e WS‘?W& BEBYFR i Prajectqq sy %?%}ﬁ

ess edtbh@btjdtt [SNBstAMYLLROWTAS providRPwitles subtiae B&ldérfwﬁﬁ@red to
glv n target portion Cis not_exposed in. a single

E %lﬁasulr%%f@é?%&e gtwmﬁta@@tefia@?@ﬂ Water)sand §sjcong f%aiswond

a g pyﬁﬁbn%g;&m oy &mec&aeﬁ%hﬁ&s BCRBstrhkd Wit 4 fe@jféct to the
di rection a speed v, so that the

29 ro P@qcrl@h%fé@rﬁlpﬁhﬁ ﬁrowuglze%ysftem "% daii Phyo 2. A s Broup) is
| Mage oA @d"{rﬁa%Q b W ifaﬁ:% tp%HBﬁto?ﬁfe%atsﬁf?/fﬁoM a 'taé;et 8ortmn C

si mul t aneous! y -noved he same or opposite ction
at €S pwarisiyg endgr,mqrp dighi of theinbsirate¥. magni fi cati on of

the | enSAsS}%T éép)f(ﬂécf ﬁle aé?argf'us 18 %é re%ct?\/e@ e (%9 ﬁals“clgeﬂectlve

manner, a relagve etarg &t porti
ex posast). HaiveraoLin gh@valngmay) als@hqwfcmraslsnmmvcr opolfortexample,

E ! G{Vélflﬁ SP e?hmﬁ sglvg nﬁﬁkohﬁg% 8‘%1};’ a%;r)re]lrg?aLls r%g}g erﬁplgggﬁo?}tleir ®lhd of
patterning dev1ce such as a programmable mirror array of a type as referred to
above.
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AM that sets the outer and/or inner radial extent (commonly referred to as c-outer
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noi sture. At the surface of the liquid i.e. at the
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noi sture generated via the wet gas inlet 1521 can be
controlled. The controlled 17 paraneters of the
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30  due to diffusive processes. Thus, the purge gas in the bubbles 159 is mixed with
moisture. At the surface of the liquid i.e. at the liquid level A, the bubbles 159

supply their gaseous content to the gas(es) present in the liquid vessel 151 above the
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The liquid level measuring device 158 provides a liquid level signal to the control

device 157 which represents a property of the liquid level in the liquid vessel 151.

The control device 157 operates the control valve 1561 and the control valve 1531
30  inresponse to the liquid level signal.

In this example, the liquid level measuring device 158 includes three float

switches 1581-1583 positioned at suitable, different, heights with respect to the
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P uort na
resistant to liquid intrusion. Suitable materials for the membranes include

thermoplastic polymers such as poly(tetrafluoroethylene-co-perfluoro-3,6-dioxa-4-
methyl-7-octene sulfonic acid) and perfluorinated polymers such as
polytetrafluoroethylene. Non-wettable polymers, such as the perfluorinated

30 polymers, are particularly preferred, especially polymers that are suitable for use
with high pressure fluids and are substantially free of inorganic oxides (e.g., SOx

and NOy, where x is an integer from 1-3). The membranes can be a sheet, which



5t her nopl asti c pol yners such as
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perfluoro(al kyl vinyl ether)) (pol y(PTFE-CO PFVAE)),
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EXEMPLI FI CATI ON Exanple 1 25 A Mykrolie pHasor
I'l menbrane contactor was tested for the rel ease of
non- met hane hydr ocarbon and sul fur conpounds. A
menbrane contactor that does not rel ease contam nants
may be used for noisture addition to a XCDA(r) gas
stream (less than 1 part-per-trillion (ppt) for
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Pure noticeably smelled of epoxy, which clearly indicates an unacceptable



30A Mykrolis pHasor Il nmenbrane contactor was used to
hum dify clean dry air (CDA) using varied water
tenperatures, CDA flow rates and CDA pressures. For
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of at least about 90°C. When heated water is used in the moisturizer, the water
temperature is preferably at least 30°C, namely at least about 35°C, such as at least
about 50°C or at least about 60°C. Flow rates of purge gas through the moisturizer

15  are typically at least about 20 standard liters per minute (slm), for example, at least
about 60 sim.

Purge gas mixtures (humidified purge gas) exiting a preferred moisturizer of
the invention preferably can have a relative humidity of at least about 20%. Higher
relative humidity values of at least about 50% or about 100% (to produce a

20  substantially saturated purge gas) are possible, depending upon the conditions under
which the moisturizer is operated. For example, higher stabilized relative humidity
values are reached by lengthening the time a purge gas resides in the moisturi;er
(e.g., by reducing the flow rate or increasing the size of the moisturizer) or heating
the moisturizer or at least the water in the moisturizer. The gas pressure and flow of

25  water across a membrane can be further controlled by a mass flow controller. In
particular, lowering the pressure of the purge gas results in increased humidification
of the purge gas. When the purge gas pressure is decreased, the need to heat the
water to obtain a high relative humidity is lessened.

As with the moisturizer shown in FIG. 4, the moisturizer device of FIG. 5

30 can be provided with a control device via which the amount of moisture in the

purge gas mixture can be controlled. The control device is connected with a

moisture control contact to a control valve via which the flow rate of unhumidified
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purge gas supplied (e.g., direct from the purge gas source) to a mixing chamber
with humidified purge gas exiting the moisturizer of FIG. 5 can be controlled.

Purge gas mixture generators of the invention are advantageously heated for
a sufficient length of time at a temperature sufficient to substantially remove
compounds that volatilize at temperatures of about 100°C or less. This allows their
use in applications where essentially contaminant-free gas is required. For purposes
of the present invention, a purge gas is defined as a gas or a mixture of gas having
contaminant levels of no greater than 1 ppb. Purge gases include inert gases such as
nitrogen and argon, along with oxygen-containing gases;such as compressed dry air
and clean dry gas. An appropriate purge gas is determined relative to the intended
application, such that non-inert gases such as oxygen are not contaminants in certain
uses but are considered contaminants in other uses. Preferably, the purge gas
mixture generators (and moisturizers) do not contribute contaminants to a purge gas.
For example, a purge gas containing no greater than about 1 ppb (or about 100 parts
per trillion (ppt)) of contaminants exits the moisturizer as a humjdiﬁed purge gas
containing no greater than about 1 ppb (or 100 ppt) of contaminants. It has been
found that a particular moisturizer of the invention (see Example 1) is capable of
humidifying a purge gas, such that contaminant levels remain less than 1 ppt.

Water used in water sources of the invention is preferably UHP water (e.g.,

Millipore MilliQ water) that is distilled and filtered.
EXEMPLIFICATION
Example 1

A Mykrolis® pHasor II membrane contactor was tested for the release of
non-methane hydrocarbon and sulfur compounds. A membrane contactor that does
not release contaminants may be used for moisture addition to a XCDA® gas stream
(less than 1 part-per-trillion (ppt) for hydrocarbon and sulfur compound§).

The pHasor II was cleaned to remove volatile compounds. FIG. 6 represents
the experimental setup for measuring contaminants in the humidified purge gas from

the pHasor II. A pressure regulator was used to maintain the pressure of the gas



Table 2. Hum dification of CPA Having 70 SLM Fl ow Rate
Water Tenp. (C) Relative Humdity (A Qutlet Gas
Tenmperature (C) 24 40 21 27 44 21 30 47 22 33 58 22 36
60 24 39 24

upstream of the mass flow controller (MFC). A MFC was used to maintain the flow
rate of the air through the lumen side of the pHasor II. A purifier was used to
remove contaminants from the gas upstream of the pHasor II to produce an XCDA
purge gas. A pressure gauge upstream of the pHasor II was used to monitor the inlet
5  pressure. A backpressure regulator was used to maintain the outlet pressure of the
pHasor II. The shell side of the pHasor II was not filled with water. The water was
removed from the pHasor II during this test since high concentrations of moisture
will destabilize the detectors. A Gas Chromatograph with a Flame Ionization
Detector and Pulsed Flame Photometric Detector (GC/FID/PFPD) was used to
10  measure the concentration of hydrocarbons and sulfur compounds in the pHasor II’s
effluent. A cold trap method was used to concentrate hydrocarbon and sulfur
compounds, which reduces the lower detection limit to 1 ppt concentration levels.
FIG. 7 represents a clean background reading of less than 1 ppt of
hydrocarbon contaminants using the GC/FID. FIG. 8 represents the GC/FID reading
15  downstream of the pHasor II. As shown, both readings are basically identical.
Therefore, the less than 1 ppt of hydrocarbon contamination concentration is
maintained when XCDA is flowing through a pHasor II.
FIG. 9 represents a clean background reading of less than 1 pbt of sulfur
contaminants using the GC/PFPD. FIG. 10 represents the GC/PFPD reading
20  downstream of the pHasor II. As shown, both readings are basically identical.
Therefore, the less than 1 ppt concentration for sulfur contamination is maintained
when XCDA is flowing through a pHasor II.
The pHasor II’s effluent contains less than 1 ppt of non-methane
hydrocarbons and less than 1 ppt of sulfur compounds. Therefore, the pHasor II can
25  be used downstream of a purifier without effecting the integrity of a XCDA purge

gas.
Example 2
30 A Mykrolis pHasor II membrane contactor was used to humidify clean dry

air (CDA) using varied water temperatures, CDA flow rates and CDA pressures.

For all experiments, the pHasor II was cleaned to remove volatile compounds. A
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MEFC was used to maintain the flow rate of the air through the lumen side of the
pHasor II. Deionized water was used in the shell side of the pHasor II, which was
heated using a heat exchanger. Water flow was controlled using a regulator on the
outlet side of the pHasor. Water temperature was measured on the inlet and outlet
sides of tﬁe pHasor II and purge gas pressure, temperature and relative humidity
were measured on the outlet side of the pHasor II.

In the first experiment, the temperature of the water was varied for different
flow rates of CDA. The CDA used for this experiment had a back pressure of 20
psi, an initial temperature of 19°C and a relative humidity of 6%. The house
deionized water flowed through the pHasor II at a rate of 160 mL/min. The results

of the first experiment are shown in Tables 1-3:

Table 1. Humidification of CDA Having 40 SLM Flow Rate

Water Temp. (°C) | Relative Humidity (%) Outlet Gas Temperature (°C)
24 42 20
27 49 20
30 52 21
33 60 21
36 68 23
39 83 22
41 92 23
42 98 23
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In the second experinent, the back pressure of CDA in
the pHasor Il was varied. The CDA used for this
experinment had an initial venperature of 19C and a
relative humdity of 1% The house dei oni zed water was
heated to 35C and fl owed through the pHasor Il at a

cxper | memtbla Ao RGO Pl Bevtge g0 SLM PRl Rac

Water Temp. (°C) Relative Humidity (%) Outlet Gas Temperature
Q)
24 40 21
27 44 21
30 47 22
33 58 22
36 : 60 24
39 75 23
41 81 24
42 90 24

Table 3. Humidification of CDA Having 100 SLM Flow Rate

Water Temp. (°C) Relative Humidity (%) Outlet Gas Temperature
0
24 40 20
27 40 21
30 41 ' 22
33 46 23
36 50 24
39 55 25
41 62 26
42 65 26

In the second experiment, the back pressure of CDA in the pHasor II was
varied. The CDA used for this experiment had an initial temperature of 19°C and a
relative humidity of 1%. The house deionized water was heated to 35°C and flowed
through the pHasor II at a rate of 156 mL/min. The results of the first experiment are
10 shown in Tables 4-6:



27 Table 4. Hum dification of CDA Having 50 SLM Fl ow
Rate CDA Pressure (psig) Relative Humdity (%
Tenmperature (C) 10 98 23 15 80 23 20 63 23 25 55 22
Table 5. Hum dification of 2€CDA Having 70 SLM Fl ow Rat e
CDA Pressure (psig)

Table 4. Humidification of CDA Having 50 SLM Flow Rate

CDA Pressure (psig) Relative Humidity (%) Temperature (°C)
10 98 23
15 80 23
20 63 23
25 55 22

Table 5. Humidification of CDA Having 70 SLM Flow Rate

CDA Pressure (psig) Relative Humidity (%) Temperature (°C)
5 98 24
10 88 23
15 74 23
20 60 22
25 51 22

Table 6. Humidification of CDA Having 100 SLM Flow Rate

CDA Pressure (psig) Relative Humidity (%) Temperature (°C)
5 68 26
10 68 24
15 60 24
20 51 24
25 46 24

The first experiment demonstrates that humidification of a purge gas
10  increases as the water temperature increases. The most significant increases in
relative humidity of CDA were observed when the water temperature was 30°C or
greater. Water temperature has a lesser effect on humidification at temperatures of

less than 30°C.



Rel ative Hum dity (/0) Tenperature (C) 5 98 24 10 88
23 15 74 23 20 60 22 25 51 22 5 Table 6.

Hum di fication of CPA Having 100 SLM Fl ow Rate CDA
Pressure (psiQ) 28

The second experiment demonstrates that a purge gas is more rapidly
saturated with moisture when the back pressure of purge gas in a membrane

contactor is decreased. This effect is roughly linear over the pressure range tested.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



Rel ative Humdity (% Tenperature (C) 5 68 26 10 68 24
15 60 24 20 51 24 25 46 24 The first experinment
denonstrates that hum dification of a purge gas
10i ncreases as the water tenpgrature increases. The
nost significant increases in relative humdity of CDA
wer e observed when the water tenperature was 30C or
reater. Water tenperature has a | esser effect on
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A purge gas mixture supply system, comprising:

a purge gas source;
a water source; and

a purge gas mixture generator comprising a moisturizer configured to add
moisture to a purge gas, wherein said moisturizer comprises a first region
containing a purge gas flow and a second region containing water wherein the

first and second regions are separated by a membrane contactor;

the purge gas mixture generator being configured to add the moisture to
the purge gas by further comprising a mass flow controller to control flow rate of
the purge gas flow through the first region of the moisturizer and a pressure
regulator to control flow of the water through the second region of the moisturizer
such that the moisture is added to the purge gas to create a humidified purge gas

mixture; and

a purge gas mixture outlet being connected to the purge gas mixture
generator to supply the humidified purge gas mixture to at least part of a

lithographic projection apparatus.

The supply system of Claim 1, wherein the membrane contactor comprises a

Nafion® membrane.

The supply system of Claim 1, wherein the membrane contactor comprises a

membrane comprising a substance suitable for use as a fuel cell humidifier.

The supply system of Claim 3, wherein the membrane contactor comprises an

ionomer,



28 The second experinent denonstrates that a
purge gas is nore rapidly saturated with noi sture when
t he back pressure of purge gas in a nmenbrane contactor
is decreased. This effect is3goughly linear over the
pressure range tested. Wiile this invention has
been particularly shown and described with references

to preferred enbodj nents thereof, it will be )
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parting m t he stope of the invention
enconpassed by the appended clains. dainms A purge

gas i xture suppl stem ., conprising: a purge gas .
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geneNatH® aRMYrinkl Ng a noi sturizer configured to add

noi sture to a purge gas, wherein said noisturizer
conprises a first region containing a purge gas .flow
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cont act or; the purge gas m xture generator being
configured to add the noisture to the purge gas by )
8.f ur t hlea suwplypysismmef Glaima§swhreify tBO AL LReTOU S oHIset a purifier
fIOV\aerV%ee of the purge gas flow through the first

region of the noisturizer and a pressure regulator to
control flow of the water through the second regi on of
the npoisturizer such that the npisture js. added to the
9.pur gEhgawrlysysicmidlaing §n’iVH‘?ff~‘ﬁngge B‘ﬂfﬂé‘“é ffg&lge is regenegable.
purge gas m xture outlet being connected to the purge
gas m xture generator to supply the hum dified purge
l@as Thetupply dysteat ofl @asn 9pahtreial thaplige lgegsaipds @mprises two
proj ection apparatus. .The supply system of .m 1,
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menbrane, The supply systemof Claiml., wherein the

menbr ane contactor conprises a nmenbrane conpri si n? a _
IsubsThneppbuiysiabl & Eloim Gsehersingafd saipplyetystemusicattabfeegt operation
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syst gt asCGh@iom 4, wherein the nmenbrane contaltor
conprises a sul fonated tetrafl uoroethyl ene copol yner.
6. The supply systemof Caimb5, wherein the nmenbrane

(Font ¢l afppﬁfogyg{ehis(ﬁsﬂaim 6, wherein the purge gas mixture generator is heated
for a sufficient length of time at a temperature sufficient to substantially remove

compounds that volatilize at temperatures of 100°C or less.

13. A method of humidifying a purge gas, comprising:

passing the purge gas through a moisturizer for a period sufficient to
humidify the purge gas, wherein the moisturizer comprises a first region
containing a purge gas flow and a second region containing water wherein the

first and second regions are separated by a membrane contactor;



Nation(r) nenbrane. The supply system of C aim 6,

further conprising a heating device for the water. 8.

The supply system of Caim®6, wherein the purge gas
source conprise a purifier dgdevice. 9. The supply
systemof Claim38, wherein the purifier device is

r egener abtantrollthg fldverasepithy pesestgasilofv ttoaghie, firshegeinof the

t he purge, gas .source npris rifier de |ces

and WRETEIZAT V¥iRE puwss e bt e Stioipsei LG i Vater through
par a{hle %Econal'e iJN6r A 91581§‘tuﬁ¥e°rtu§ %fprgs@e%é.ﬂat% §icBitRat moisture
sai d supply %/stem I's capabl operation at a purge

gas fsladded t@tthe plirgagad wastatSo hsmahﬂfair purké geymixpenc; and

m nute and a tenperature of at |east 90C. 17.The

supply sysippinief thelhaidibied pge ganmixdtercpungleagaart of a

m xture generator.is heated. for a sufficient |ength.

of tliheemphig W‘@ﬁ‘fié\naﬂi’ﬁ?rét%uffl cient to substantially
renove conpounds that volatilize at tenperatures of

100C or 1ess% 13; A nethod of humlying a purge gas,

onpkri sin
1ot ot 1 isdiod g ClagmE S SR TR R PR b B  Nafion®
pur ggegdgancWherei n the noi sturizer conprises a first

region containing a purge gas flow and a second region
containing water wherein the first and second regi ons

re LAk
1 TEPRBBD Bhifh O B AP I AGRAL coniitlor comprises s membrane
t he éommﬁsmg@sxd:gtanée stimbldbstaerds adnelusilhmgmadifess f | ow
controller and controlling flow or the water through

the second region of the noisturizer using a pressure
16.e9UTRE et O IAL 1 TUL LM BiclBerAbld RS cdrRadidiobipres &% nomer.
to create a humdifiéd purge gas m xture; and

suppl y| ng the humdified purge gas mixture to at |east

1 ar t g]i%thlelpt Eg? %P u’l}n g\{lfé}[eﬁlll fl‘ﬁt | O ﬁ anen%}(i:cg(?ﬁcgé}%nsgs a sulfonated

COITpfetrgﬁﬁome feh®Béporait ane. 15 The met hod of C aim
13, wherein the merrbrane contactor conprises a

menbrane conprising a substance suitable for use as a
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The mebivecheof Cl ai m 16, V\,her ei n the nenbrane contactor
conprises a sul fonated tetraffuoroethyl ene copol yner.

18. The nmethod of Claim 17, wherein the nenbrane
jgont @gé ﬁff'et}ﬁ)grg?@lﬁﬁlsl @ “M%fén? ARl rdte 8 RBABNE: ordRiol R entering the
met hod of Claim wherein the water is heated in or

pri omoisturemt.eri ng t he

20.  The method of Claim 18, wherein the purge gas source comprises a purifier
device.

21.  The method of Claim 20, wherein the purifier device is regenerable.

22.  The method of Claim 21, wherein the purge gas source comprises first and second

purifier devices and wherein the purifier devices are connected in parallel.



noi sturi zer. 20.The nethod of O aim 18, wherein the
purge gas source conprises a purifier device. The

nmet hod of Claim 20, wherein the purifier device is
regenerable. 32 The nethod gp C aim 22, wherein the
purge gas is purified by either the first or the
second purifier device and wherein the other purifier
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25, The s%ﬂ&?ﬁlrlﬁfer fvadBrdivhetig 1Rl AndMRuriRIB&H & iérrgge‘i’;tﬁ:rated
t he wat er | east 50C. The nethod of Claim

mhereln t he fIOM/rate of the purge gas is |east 20

rd Lit e net hod G aim 8
Sher dhneda SRFLLE T bt Ep B o Moo SRl B engp30°c.
standard liters per mnute. 28. The nethod of C aim
18, wherein the relative humdity of the hum dified
2pur g&hgmsthod cAClaisudt, vipwin g termherates plobic vhatatinitieat S0°C.
wherein the relative humdity of the humdified purge
gas is at |east 50% 30, The nethod of C aim 29,

28her ghdmelipduiolgi 18 oviotti@ehedRSy tate S8 bare gaaisut 20
wth "nmoisture. 31. The method of O aim 18, wherein

t he panded iess RRIERINEg t he noi sturizer conprises no
greater than 1 part per billion (ppb) contam nants and
wherein the hum dified purge gas |eaving the
2701 sThe medrodad fiainsBs wheragn detferw tdiaof the ppige gas is at least 60
cont am ang 32. The nmethod of Caim 31, wherein the
purggw§§§ Frep PSR e noi sturi zer conprises no
greater than 100 parts per trillion (ppt) contan nants
and wherein the hum dified purge gas |eaving the
28wi sTbe imethoded idains B wioram detrelativhbumiddy of phe humidified purge
cont ami.nant s 5 %3 33, The nmethod of C aim 32, wherein
the B8 '§ae 28t ering the noisturizer

29.  The method of Claim 28, wherein the relative humidity of the humidified purge
gas is at least 50%.

30.  The method of Claim 29, wherein the humidified purge gas is substantially

saturated with moisture.

31.  The method of Claim 18, wherein the purge gas entering the moisturizer
comprises no greater than 1 part per billion (ppb) contaminants and wherein the
humidified purge gas leaving the moisturizer comprises no greater than 1 ppb

contaminants.

32.  The method of Claim 31, wherein the purge gas entering the moisturizer
comprises no greater than 100 parts per trillion (ppt) contaminants and wherein
the humidified purge gas leaving the moisturizer comprises no greater than 100

ppt contaminants.



conprises no greater than | ppt contam nants and

wherein the hum dified purge gas |eaving the

noi sturi zer conprises no greater than | ppt

contam nants. 34. A purge gag3m xture conponent,

conprising: a purge gas m xture generator including a

nmoi sturi zer configured to add noisture to a purge gas,
erejn sai ,sturizer conprises a first region .
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are separated by a nenbrane contactor; t he purgep

gas pisdtavieg gemavistiozerwoinpg sesonf grgatecttian b patichbntdmginants.

noi sture to the purge gas by further conprising a nmass

flow controller to control flowrate of the purge gas

34| oWAt RiQUER hiRBird bémpodcaicOmpAinghe moi sturizer and a

pressure regulator to control flow of the water

t hrough t hpurge@onmixtors generafor tikiuding 8 meistyrizos gonfigined to add

t he noi tuc[e i s added to.t hedpur.%e .9as l9.sleate a .
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M Xt béritaifiblpla@iur@esRFSRMEL §cRkEnd Rgldhecoptiifi8g §a%er wherein the

m xture ge era or _to supply the hum dified purge gas

mi xt {irsé andhsegpnd ogians seg epeited by a Hegbapaicenta¢tenect i on

apparatus, 35. The conponent of Claimerribrarie

cont act or thequpge e sniatuNagéreratdr, beingwesmibigared. to $6d Tiggnoisture to

f i m 34 wherein the nenb
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a Nation(r) menmbrane. 40. A nmethod of Inmdifying a
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moi sturizer conponent for a. period sufficient to
huni gftejatete sppirly dhegasnidificdrmares gasanipiire toatileast part of a
conp A I.fst region containing a purge
gas ﬁ{ﬂgg}tagﬁlg%;&gég%na p%lllggul%bn contai ni ng water wherein
the first and second regions are separated by a
menbr ane cont act or; controlling flow rate of the
3pUur gehgasmpdewt srialhg b4t kerbintBé mefBkoR cOhtabde comprises a
noi sturizer using a mass flow controller and
cont Nefipp@gemsgnef the wat er through the second
region of the noisturizer using a pressure regul ator
such that noisture is added to the purge gas to create
3@ huhétdrhpshepus@lapass nvixdreih@he methbrane contRupp by pdses a
the hum dified purge gas m xture to at |east part of  .a
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40, wherein the nmenbrane contactor conprises a
Naf i on(r) menbrane.

37. The component of Claim 36, wherein the membrane contactor comprises an
ionomer.
38. The component of Claim 37, wherein the membrane contactor comprises a

sulfonated tetrafluoroethylene copolymer.



42. The nethod of C aim 40, wherein the nmenbrane
contactor conprises a nenbrane conprising a substance
suitable for e as a fuel cell humdifier. 43. The

nmet hod of C aim 42, wherein ghe nenbrane contactor
conprises an iononmer 44. The nmethod of C aim 43,
wherein the merrbrane cont actor conprises a sul fonated

45, The method of
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40.

41.

42,

43.

44,

45.

A method of humidifying a purge gas, comprising passing the purge gas through a
moisturizer component for a period sufficient to humidify the purge gas, wherein
the moisturizer component comprises a first region containing a purge gas flow
and a second region containing water wherein the first and second regions are

separated by a membrane contactor;

controlling flow rate of the purge gas flow through the first region of the
moisturizer using a mass flow controller and controlling flow of the water through
the second region of the moisturizer using a pressure regulator such that moisture

is added to the purge gas to create a humidified purge gas mixture; and

supplying the humidified purge gas mixture to at least part of a

lithographic projection apparatus.

The method of Claim 40, wherein the membrane contactor comprises a Nafion®

membrane.

The method of Claim 40, wherein the membrane contactor comprises a membrane

comprising a substance suitable for use as a fuel cell humidifier.

The method of Claim 42, wherein the membrane contactor comprises an ionomet.

The method of Claim 43, wherein the membrane contactor comprises a sulfonated

tetrafluoroethylene copolymer.

The method of Claim 44, wherein the membrane contactor comprises a Nafion®

membrane.



