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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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fluid flow;
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wall defines a fluid flow volume between the inner wall and the
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an example of an embodiment of a lithographic

25  projection apparatus 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.



FIG 3 schematically shows a circuit diagram of an
exanpl e of a purge gas supply system according to the
present invention. 30 FIG 4 schematically shows a
noi sturi zer device suitable for use in the exanple of
FIG 3. FIG 5 is an illustration of a hollow fiber
menbr ane noi sturizer, which is nore preferred for use
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Generally, the pattern will correspond to a particular functional layer in a device
being created in the target portion, such as an integrated circuit or other device (see

25  below). An example of such a patterning device is a mask. The concept of a mask is
well known in lithography, and it includes mask types such as binary, alternating
phase-shift, and attenuated phase-shift, as well as various hybrid mask types.
Placement of such a mask in the radiation beam causes selective transmission (in the
case of a transmissive mask) or reflection (in the case of a reflective mask) of the

30 radiation impinging on the mask, according to the pattern on the mask. In the case

of a mask, the support structure will generally be a mask table, which ensures that
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support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations,
30 specifically direct itself to examples involving lithographic apparatuses such as a

mask and mask table. However, the general principles discussed in such instances
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chemo-mechanical polishing, etc., all inténded to finish off an individual layer. If
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Although specific reference may be made in this text to the use of the
30  apparatus according to the invention in the manufacture of ICs, it should be
explicitly understood that such an apparatus has many other possible applications.

~ For example, it may be employed in the manufacture of integrated optical systems,
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The source LA (e.g., a discharge or laser-produced plasma source)
produces radiation. This radiation is fed into an illumination system (illuminator)
30  IL, either directly or after having traversed a conditioning device, such as a beam
expander EX, for example. The illuminator IL may include an adjusting device

AM that sets the outer and/or inner radial extent (commonly referred to as c-outer
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The depicted apparatus can be used in two different modes:

1.  In step mode, the mask table MT is kept essentially stationary, and an entire

mask image is projected at once, i.e. a single "flash," onto a target portion C. The

substrate table WT is then shifted in the X and/or Y directjons so that a different
30 target portion C can be irradiated by the beam PB;

2. In scan mode, essentially the same scenario applies, except that a given

target portion C is not exposed in a single "flash." Instead, the mask table MT is
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mask positioned on reticle or mask table MT. A patterned beam 17 is formed, which
is imaged in projection system PL via reflective elements 18 and 19 onto a wafer
stage or substrate table WT. More elements than shown may generally be present in
illumination optics unit 4 and projection system PL.

30 As is shown in FIG. 2, the lithographic projection apparatus 1 includes a
purge gas supply system 100. Purge gas outlets 130-133 of the purge gas supply

system 100 are positioned in the projection system PL and the radiation system 2
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a dry purge gas, i.e., without moisture. Nevertheless, the invention is not limited to

purge gas mixture generators where only one outlet of the generator supplies the
purge gas mixture.
Furthermore, because the moisture is added to a purge gas, properties of the
30  purge gas mixture, such as the relative humidity or purity of the moisture, can be

controlled with a good accuracy. Also, because of the moisturizer the system is
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purifiers are inert gas and oxygen-compatible purifiers such as the Aeronex Inert or
XCDA purifiers (CE-70KF-I, O, or N) available from Mykrolis Corp.

The purifier devices 1283 and 1284 can alternately be put in a purifying
state, in which the CDA is purified, and a regenerating state. In the regenerating
state, the purifier device is regenerated by the respective heating element. Thus, for
example, while the purifier device 1283 purifies the CDA, the purifier device 1284
is regenerated. The purifier apparatus 128 can thus operate continuously while

maintaining a constant level of purification.
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The heat exchanger 126 is connected via restrictions 143-145 to the purge
gas outlets 130-132. The restrictions 143-145 limit the gas flow, such that at each of
the purge gas outlets 130-132 a desired, fixed purge gas flow and pressure is
obtained. A suitable value for the purge gas pressure at the purge gas outlets is, for

30 example, 100 mbar. It is likewise possible to use adjustable restrictions to provide an

adjustable gas flow at each of the purge gas outlets 130-132.
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liquid vessel 151 via the wet gas inlet 1521. Thus, bubbles 159 of purge gas are
generated in the liquid 154. Due to buoyancy, the bubbles 159 travel upwards after
mounding in the liquid 154, as indicated in FIG. 4 by arrow B. During this upwards
traveling period, moisture from the liquid 154 enters the bubbles 159, for example
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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c onbom’thdtéﬁlYZ to a control valve 1561 of a thIId supply 156 and with an overflow
25  contact 1573 to a control valve 1531 of the gas outlet 153. A liquid level
measuring device 158 is communicatively connected to the control device 157.
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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25  and second regions are separated by a gas-permeable membrane that is substantially
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
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2 nclude a i ke 5&8h@Ehd of the bundle or the water inlet is connected to the
' first end of the bundle and the water outlet is connected to the
second end of the bundle.
Devices having hollow fiber membranes that are generally suitable for use as
moisturizers are typically referred to as membrane contactors, and are described in
30  U.S. Patent Nos. 6,149,817, 6,235,641, 6,309,550, 6,402,818, 6,474,628, 6,616,841,
6,669,177 and 6,702,941, the contents of which are incorporated herein by

reference. Although many of the membrane contactors are described in the



containing a purge gas flow and a second region

contai ning water where the first 25 and second regi ons
are separated by a gas-perneabl e nmenbrane that is
substantially resistant taoliquid intrusion. Suitable
materials for the nenbranes include thernoplastic
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25 porous inner surface and a porous support structure between; or
d) hollow fiber membranes having a non-porous skinned outer surface,

a porous inner surface and a porous support structure between.
These hollow fiber membranes preferably have an outer diameter of about
350 microns to about 1450 microns.
30 When these hollow fiber membranes are hollow fiber membranes having a
porous skinned inner surface, a porous outer surface and a porous support structure

between or hollow fiber membranes having a porous skinned outer surface, a porous



source and a purge gas mixture outlet; and e) the
housi ng having a water inlet connected to the water
source and a water outlet, wherein either the purge
gas inlet is connected to t2he first end of the bundle
and the purge gas m xture outlet is connected 25 to
the second end of the bundle or the water inlet is
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1 Uhrfopld3fiShaleARS Yihe hRBarVt Edirubfird dotipfsdd the portion of the fiber
bundle which is encompassed in a potted end, the pot and the end portion of the
25  perfluorinated thermoplastic housing, the inner surface of which is congruent with
the pot and bonded to it. By forming a unitary structure, a more robust moisturizer is
produced, less likely to leak or otherwise fail at the interface of the pot and the
housing. Moreover, forming a unitary end structure avoids the need to use adhesives
such as epoxy to bond the fibers in place. Such adhesives typically include volatile
30  hydrocarbons, which contaminate the purge gas flowing through the moisturizer. For
example, purge gas humidified using a Liqui-cel moisturizer marketed by Perma

Pure noticeably smelled of epoxy, which clearly indicates an unacceptable



The gas- perneabl e hol |l ow fi ber nenbranes used in the
preferred noisturizer of the invention are typically
one of the follow ng: 20 a) hollow fiber menbranes
havi ng a porous skinned i nnper surface, a porous outer
surface and a porous support structure between; b)
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adversely af fected by severe conditions of use.
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pol (£ TiyEe 2 ow Btor iRPERIBAR] e 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



15 from Ausi nont USA, Inc., Thorofare, N.J. Methods of
form ng these polyners into hollow fiber nenbranes
are disclosed in U S. Patent Nos. 6,582,496 and
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Pur geamgels 1m xt ure supply systens are typically capable
ng operation at a purge gas flowrate of at |east

bout 30 standard liters per mnute and a tenperature

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§).

30 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
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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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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

shown in Tables 4-6:




In the first experinent, the tenperature of the water
was varied for different flowrates of CDA. The CDA
used for this experinent had a back pressure of 20
psi, an initial tenperature7of 19C and a relative
hum dity of 6% The house 10 dei oni zed water fl owed

t hrough t he pHasor at a rate of 160 niL/mn. The

155" Tapilad hfﬁaﬁqidﬁ AP G AgT et SO Hon Fal i 77 ow

Rafe wﬁﬁ@‘i'esgﬁfmpmg)c) Rekative Hulti oAy (N TéMpératur&SEE)

Tenperature ( 42 20 27 49 20 30 52 21 133 80
21| 36 68 2 39 83 22 41 92993 42 9od 23 15 3%

Tabte2—Hggdirfication of Chgy Having 710 SLMFIgy Rat e
Water Tenp. (C) Relatlive Humdity (% tlet as

Tenperaturel (C) 24|40 21 26’3 44 21 30 47 22 233 58

22 20 N 24 2070120 A—TFalel o
U 0OU oI 1TI9 490 ‘-I-J. OJ. '-I-f:ﬂb L‘-!- I abul .

Hum di fi cation of CDA Havi ng ﬁoo SLM Fljow Rat e ter

Tenp. (C) Relative Humdity (% Qutlet Gas Tenperature

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.



(O 24 40 20 27 40 21 30 41 22 33 46 23 36 50 24
39 55 25 41 62 26 42 65 26 5 In the second
experiment, the back pressure of CDA in the pHasor 11
was varied. The CDA used R28&r this experinment had an
initial tenmperature of 19C and a relative humdity of
1% The house dei oni zed vvater was heated to 35C and
fl owed _through the pHaso rate of, 156 nlL/m n.
The 1 es (1 $SG0R0 EFRET MR ISR EBIE Hioht PREE S b TSRAAID
Tabd;ggatét Rith mbistul@hén the bé‘dﬂtrﬁréiblfré Sﬂiur@lgag fin £émbland ng
50 SLM Fl ow Rate CDA Pressure f g%) Rel ati ve Hum di té/
( 9% comtarigeisalpereased.CFhis gifech s roughlyjliepvsnthe prysgite range tosicd.
55 22 Table 5. Hum dification of CDA Having 70 SLM
Fl ow Rate CDA Pressure (psig) Relative Humdity (%
Srenmperature (C) 5 98 24 10 88 23 15 74 23 20 60 22

25 51 22y 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.



Table 6. Hum dification of CDA Having 100 SLM Fl ow
Rate CDA Pressure (psig) Relative Humdity (%
Tenmperature (C) 5 68 26 10 68 24 15 60 24 20 51 24
25 46 24 The first experinent denonstrates that
hum di fication of a purge gas 10 increases as the
wat er tenperature increases,, The nost significant
increases in relative hunidl ty of CDA were observed
when the water tenperature was 30C or greater. Water
temperature has a lesser effect on humdification at
Claismper at ures of |less than 30C. 28 The second
experiment denonstrates that a purge gas is nore
rapidly saturated with noi sture when the back pressure
1. of mﬁﬁlge@@,slqimr@s sy a8, coitisagt or s decreased.
This effect is roughly |inear over the pressure range
tested. 3BUBMAIERESAMHCS i nvention has been particularly
shown and described with references to preferred
enbodi meptgter harestnd it wi || be understood by those
skilled in the art that various changes in form and
det ai | s Arayreb@anmekéure lgenasitar immising a eiparigdrsgniigused to add
the _s¢ 0 ' ntion. S t ded
ol RSP parlE el YRR e SRR Skl s AORER
Systeminm@npurs dag flowanp ursg@nd asgisotintaning waed etherein the
sour.ce; and a purge gas m xture generator conprising a
ot S Ao ROt e R G & RATOLUFEOREEaT pur ge
gas, wherein said noisturizer conprises a first region
containing a purge gas flow and a second region
cont ai ni ng}t wat er wherein the first and second regions

2. are ngwp gfétegyoféllﬁlghbrvg}%ﬁl% Histaghplyane contactor comprises a

Nafion® membrane.

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

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

4. The supply system of Claim 3, wherein the membrane contactor comprises an
ionomer.
5. The supply system of Claim 4, wherein the membrane contactor comprises a

sulfonated tetrafluoroethylene copolymer.

6. The supply system of Claim 5, wherein the membrane contactor comprises a

Nafion® membrane.

7. The supply system of Claim 6, further comprising a heating device for the water.

8. The supply system of Claim 6, wherein the purge gas source comprises a purifier

device.



2. The supply systemof Caim1l, wherein the nmenbrane
contactor conprises a Nafion(c) nenbrane. 3. The
supply systemof Caiml1l, wherein the nmenbrane
contactor conprises a nenbrane conprising a substance
suitable for use as a fuel cell humdifier. 4. The
supply system of Caim 3, erein the nenbrane
contactor conprises an ionomer. 5. The supply system
of Claim4, wherein the nmenbrane contactor conprises a
sul fonated tetrafl uoroethyl ene copolyner. 6. The

9. supphy suppdit eiicor oflainnd.5vhepte theipurifipedavinetyy igencrable.
contactor conprises a Nafion(c) nmenbrane. 7. The
supply systemof Caim®6, further conprising a heating
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ei n the rc rlses a purifier
ey PrahcTgvied B Bl et Gt Bl g Masp T
the purifier device is regenerable. 10. The supply
systemof Claim9, wherein the purge gas source
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conprises a Nafion(r) nenbrane.
membrane contactor.

14.  The method of Claim 13, wherein the membrane contactor comprises a Nafion®
membrane.
15.  The method of Claim 13, wherein the membrane contactor comprises a membrane

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

16.  The method of Claim 15, wherein the membrane contactor comprises an ionomer.

17.  The method of Claim 16, wherein the membrane contactor comprises a sulfonated

tetrafluoroethylene copolymer.



15. The nmethod of C aim 13, wherein the nenbrane
contactor conprises a nenbrane conprising a substance
suitable for use as a fuel cell humdifier. 16. The
met hod of Cl aim 15. wherein the nmenbrane contactor
conprises an iononmer. 17. The method of C aim 16.
wherei n the nenbrane contaﬁgpr conprises a sul fonated
tetrafl uoroet hyl ene copoly . 31 18. The nethod of
18C|aqﬂé%%ﬂm%@@(ﬁhﬂ]Wh@haﬁﬁhﬁéﬂﬁnﬁgﬂE@&h&ﬁmQ%HHﬁkéﬁﬁNéﬁomD
Nafi on(r) nbrane. 19. The nethod of Caim1l
whe hginprange mater is heated in or prior to enterlng
the noisturizer. 20. The nethod of C aim 18, wherein
the purge gas source conprises a purifier device. 21.
19The Thetledaddof CCliai %) RBereinttre entar istheatpdiin dripeior theanitar gitlse
regenerabee 22. The nmethod of Caim 21, wherein the
pur J¥'YYE6our ce conprises first and second purifier
devi ces and wherein the purifier devices are connected
in parallel. 23. The method of Claim 22, wherein the
20pur 5 e gedhod of plaimfliBewheyginghe pusge gapesopiice spmpyises g parifier
sec urifier device and wherein the other purifier
device i's regenerated. 24. The nethod of Caim 18,
wherein the tenperature of the water is at Ieast about
SOC 25. The erein
217 et BEUPd 5T TR bet b B es HEVe b drsenciable. 26
The met hod of Claim 18. wherein the flow rate of the

Se gas is at |east about 20 standard liters per
22m ndhemegipd of haiek nlersi ty BYTAT 26, SOwkse cemAriteR &gt pefhsecond

rat 6,0 ldR6ic AU A&y IRASH {h_%li ﬁ)ghg%fcﬁ%ge%?@%‘t)nneﬁgdgﬂ %er i n

liters per mnute. aim1
the relative humdity of the humdified purge gas is

20%. 3 29, Th
oner BF RO S e Rarsdrs oGy Srvie st B
gas tHeSse@dndlpRaisitr @vdtan® OMerein the other purifier device is regenerated.

24.  The method of Claim 18, wherein the temperature of the water is at least about
30°C.

25.  The method of Claim 24, wherein the temperature of the water is at least about
50°C.

26.  The method of Claim 18, wherein the flow rate of the purge gas is at least about

20 standard liters per minute.

27.  The method of Claim 26, wherein the flow rate of the purge gas is at least about

60 standard liters per minute.

28.  The method of Claim 18, wherein the relative humidity of the humidified purge
gas is at least about 20%.



30. The nethod of C aim?29, wherein the humdified
purge gas is substantially saturated with noisture.
31. The nethod of Cl aim 18, wherein the purge gas
entering the noisturizer conprises no greater than
about | part per billion (ppb) contam nants and
wherein the humdified purge gas |eaving the

noi sturi zer conprises no greater than about 1 ppb
contam nants. 32. The nethod of Claim31. wherein the
purge gas entering the noisturizer conprises no

29gr edhe method of Slromt28190erpiartherepsive hpinjdity o thegpin)idified purge
con%&g&geﬁggagﬁg O%perein the hum di fied purge gas
| eavi ng € noi sturizer conprises no greater than
about 100 ppt contam nants. 33. The nethod of C aim

32, erei .purge. gas enter.i t he noi sturizer

0 oniht Siediors! §TuBesPSpAER Eobit ARt eeaht Bt AR ynd
wheggintihaysik@id i ed purge gas | eaving the
noi sturi zer conprises no greater than about 1 ppt
contam nants. 34. A purge gas m xture conponent.

31CONMRhL HlefiBd of cﬁ’#&% Q/gec‘remtﬁé @5&%%%%%%& thd AGHHLO9 @
moi sturi zer configured to ad I'stureto a purge
gas compresee ho geaied thaniabdwi rlippgmpecbiffpmi (pety canthmirsintsragd wdiarein

cont.ai,ni ng.a,purge gas .flow and a second regi on

coni T i P SR ing PRatiy el SR h Bl ee rp Aout

ar e | 9ppas@h@athaly. @ nenbrane contactor. 35. The

conmponent of C aim 34, wherein the nmenbrane contactor

conprises a Nafion(r) nenbrane. 33 36. The conponent
of ' , iin . i.ses

B o e e A PRS00

a f vehpeb ho Greaieditfan ebout 187 parfdyer grdhpo (reptcoofamBiaaismnd

36, erein. the,. rane contactor c ri ses_an )
on Rt yg nbet R A0 B AT R e RETPA GBS nogeater
mentaaneo@and et @htaaomgitd. ses a  sul fonat ed

tetrafl uoroet hyl ene copol yner. 39. The conponent of
Claim 38. wherein the nenbrane contactor conprises a

33Naf ifgp He)hoﬁ%@ﬁeﬁtﬂ%& wherein the purge gas entering the moisturizer

comprises no greater than about 1 ppt contaminants and wherein the humidified

purge gas leaving the moisturizer comprises no greater than about 1 ppt

contaminants.

34. A purge gas mixture component, comprising:
a purge gas mixture generator including 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.

35.  The component of Claim 34, wherein the membrane contactor comprises a

Nafion® membrane.



40. A nethod of hum difying a purge gas, conprising
passi ng the purge gas through a noisturizer conponent
for a period sufficient to hum dify the purge gas,
wherein the noisturizer conponent conprises a first
regi on containing a purge gas flow and a second
regi on containi ng water mhezfln the first and second
regions are separated by menbr ane cont act or.

36.The TRELARFbRAt & @him 40 wh‘éﬁ%{ ik thednl1Ra PRRY: a@t@?c&gﬁﬁs@% or
conprises a Nafion(r) nbrane. 42. Th
d aimembanegh@pesing g ﬁ@bsmﬁmtaﬁablecfmsaés ) ifueé estplrunsidien
menbrane conprising a substance suitable for use as a
fuel cell humdifier. 43. The nmethod of C aim42.

37wheiTaé borhhenenestisrlaines € ovhiesedit the neartparieestaatior t@maives an
44. The nmethod of O aim 43, wherein the nenbrane
conf@Ct6F conprises a sul fonated tetrafluoroethyl ene
copol ynmer. 45. The nmethod of C aim 44, wherein the

menbr ane contactor conprises a Nafion(r) nenbrane.
38.  The component of Claim 37, wherein the membrane contactor comprises a

sulfonated tetrafluoroethylene copolymer.

39. The component of Claim 38, wherein the membrane contactor comprises a

Nafion® membrane.

40. 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.

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

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

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

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

tetrafluoroethylene copolymer.

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

membrane.



