5 ENVIRONMENTAL SYSTEM INCLUDING VACUUM SCAVANGE FOR AN 10IMMERSION
LITHOGRAPHY APPARATUS RELATED APPLICATION This application claims priority on
Provisional Application Serial No. 15 601462,112 filed on April 10, 2003 and entitled "VACUUM RING
SYSTEM AND WICK RING SYSTEM FOR IMMERSION LITHOGRAPHY METHOD AND DEVICE
FOR CONTROLLING THERMAL DISTORTION IN ELEMENTS OF A LITHOGRAPHY STSTEM" and
Provisional Application Serial No. 60/484,476 filed on July 1, 2003 and entitled "FLUID CONTROL
SYSTEM FOR IMMERSION 20 LITHOGRAPHY TOOL'. As far as is permitted, the contents of
provisional Application Serial Nos. 60/462,112 and 60/484,476 are incorporated herein by reference.
BACKGROUND 25 Lithography exposure apparatuses are commonly used to transfer images
from a reticle onto a semiconductor wafer during semiconductor processing. A typical exposure
apparatus includes an illumination source, a reticle stage assembly that positions a reticle, an optical
assembly, a wafer stage assembly 30 that positions a semiconductor wafer, and a measurement
system that grecisely monitors the position of the reticle and the wafer. Immersion lithography
systems utilize a layer of immersion fluid that completely fills a gap between the optical assembly and
the wafer. The wafer is moved rapidly in a typical lithography system and it would be expected to carry
the immersion fluid away from the gap. This immersion fluid that escapes from the gap can interfere
with the operation of other components of the lithography system. For example, the immersion fluid
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BACKGROUND

25
Lithography exposure apparatuses are commonly used to transfer images
from a reticle onto a éemiconductor wafer during semiconductor processing. A
typical exposure apparatus includes an illumination source, a reticle stage
assembly that positions a reficle, an optical assembly, a wafer stage assembly
30 that positions a semiconductor wafer, and a measurement system that precisely
monitors the position of the reficle and the wafer.
Immersion lithography systems utilize a layer of immersion fuid that
completely fills a gap between the optical assembly and the wafer. The wafer is

moved rapidly in a typical lithography system and it would be expected to carry



SUMMARY The present invention is directed to an environmental system for controlling an
environment in a gap between an optical assembly and a device that is 10 retained by a device stage.
The environmental system includes a fluid barrier and an immersion fluid system. The fluid baffler is
positioned near the device and encircles the gap. The immersion fluid system delivers an immersion
fluid that fills the gap. In one embodiment, the immersion fluid system collects the immersion fluid 15
that is directly between the fluid barrier and at least one of the device and the device stage. In this
embodiment, the fluid barrier includes a scavenge inlet that is positioned near the device, and the
immersion fluid s}fiteIeEfiReEud oWt dssurthemaee g ismdisichclrithibaicatapeayitothe

scavenge inlet. Agiditippabin tiesfuid mniq{ecaa&gﬁ@a%ﬁs@h&oe&mammnm%q@h%gg&if any 20 of
the vapor from the immersion f%;d g')rl'etht% area near thﬁﬁi%?%&%%%%%?ﬁ% %%%é%%ﬁt}ﬁz i

. Sysie e et
environmental sysfém includes & beating flui S5tiPee
barrier and the d&VGee4sEEppOEEB fald trniters blativeitiortné tHewetrin this embodiment, the fluid
barrier includes a bearing outlet that is positioned near the device. Further, the bearing 25outlet is in

fluid communication with the bearing fluid sourcey ..« Qggi_tionally, the environmental system can
include a pressure equalizer that allows the pres gap to be approximately equal to the
pressure outside the fluid barrier. In one embodiment, for example, the pressure equalizer is a channel

that extends thlro;tjﬁh thﬁwﬂWﬁ%ﬁWiﬁﬂeﬁﬁMﬁ@ﬂV@fﬁ%ﬁo@%ﬁ?ﬁ?&?ﬂsﬁ@ﬁ?0?;1ggﬂgg" fac;]e that is
in approximately Jhe.Saime, Rlane vice exposed surface of the device. As an example, the
device stage can include a devicf%cfpﬁesr t eg'}'v%%)giﬁg tﬁ)gtrl ea\iicag,s%mgﬂyar%eﬁ deiEs TRt Kage

surface, anif’a f5WPEEX R BRIt R e Sierirane watatavaisiadnelndetha Buidibsistimthe device
exposed surfaceais inpproiomdtély systam saie plaiiekasriheistiagaisHEacrRalntpaeismogigent, the

mover assemblyaaes; e guaId TRlaHvR Iadha de dge andic sevics holder, | angther embodiment,
e guaré’ ) e [.')

the mover asser%bly moves the device holder and the device relative to't fesent

invention is also directed to an exposure apparatus, a wafer, a
In one embodiment, the immersion fluid system collects the immersion fluid

15 that is directly between the fluid barrier and at least one of the device and the
device stage. [n this embodiment, the fluid barrier includes a scavenge inlet that
is positioned near the device, and the immersion fluid system includes a low
pressure source that is in fluid communication with the scavenge inlet.
Ac‘jditionaily, the fluid barrier can confine and contain the immersion fluid and any

20  of the vapor from the immersion fluid in the area near the gap.

In another embodiment, the environmental system includes a bearing fluid
source that directs a bearing fiuid between the ﬂﬁid barrier and the device to
support the fiuid barrier relative to the device. In this embodiment, the fluid barrier
includes a bearing outlet that is positioned near the device. Further, the bearing

25 outletis in fluid communication with the bearing fluid source.

Additionaltly, the environmental system can include a pressure equalizer
that allows the pressure in the gap fo be approximately equal to the pressure
outside the fluid barrier. In one embodiment, for example, the pressure equalizer
is a channel that extends through the fluid barrier.

30 Moreover, the device stage can include a stage surface that is in
approximately the same plane as a device exposed surface of the device. As an
egample, the device stage can include a device holder that retains the device, a
guard that defines the stage surface, and a mover assembly that moves one of
the device holder and the guard so that the device exposed surface is



device, a method for controlling an environment in a gap, a method for making an exposure apparatus,
a method for making a device, and a method for manufacturing a wafer. 10BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1 is a side illustration of an exposure apparatus having features of the
present invention; Figure 2A is a cut-away view taken on line 2A-2A of Figure 1; 15Figure 28 is a
cut-away view taken on line 213-26 of Figure 2A; Figure 2C is a perspective view of a containment
frame having features of the present invention; Figure 2D is an enlarged detailed view taken on
line 20-2D in Figure 2B; Figure 2E is an illustration of the portion of the exposure apparatus of 20
Figure 2A with a wajesatageymioved selativsidicansapticahgssamily. n fiowaBdgiasidarlustration of
an injector/scave sour i res of the, present,invention; Figure 4A is an enlarged
detailed view of aggﬁr?{oﬁsg?e%wegr\f gﬁ‘t}){g Pﬁéﬁt’%‘@égﬁfﬁ %rr%’r'?agﬁggm% '.%ea@’!éﬁfar d detailed
view of a portion 8FY@eaFERER BB diifefityra fAtgBhlfiaroves igursvics ihallenkrdetieletailed
view of a portion aégtl anetie rcembgdiment of a fluid barrier; Figure 5A is a cut-away view of a
portion of angther embaqdli t posure ratys,  Figure 58 is an enlar e;d detailed view
taken on Iine%58-58 in %éﬁ%ﬁggﬁg\{%ﬁﬂ ﬁégaagsgrﬁ)%??vge}é\]/i‘évveé %%uereeﬁ%gﬁrﬁ%h? (‘)&a “deVice stage

having features dﬁ}’\iéepl%g?éﬁlt“i’r‘ii\fé’ﬁﬁﬁﬂfm"ing an environment in a gap, a method for making an
exposure apparatus, a method for making a device, and a method for

manufacturing a wafer.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side i!tustration of an exposure apparatus having features of
the present invention;
Figure 2A is a cut-away view taken on line 2A-2A of Figure 1;
15 Figure 2B is a cut-away view taken on iine 2B-2B of Figure 2A;
Figure 2C is a perspective view of a containment frame having features of
the present invention;
Figure 2D is an enlarged detailed view taken on line 20-2D in Figure 2B:
Figure 2E is an illustration of the portion of the exposure apparatus of
20  Figure 2A with a wafer stage moved relative to an optical assembly;
Figure 3 is a side illustration of an injector/scavenge source having features
of the present invention;
Figure 4A is an enlarged detailed view of a portion of another embadiment
of a fluid barrier; . .
25 ' Figure 4B is an enlarged detailed view of a portion of yet another
embodiment of a fluid barrier;
Figure 4C is an enlarged detailed view of a portion of stilf another
embodiment of a fluid barrier;
Figure 5A is a cut-away view of a portion of another emhodiment of an
30 exposure apparatus;
Figure 5B is an enlarged detailed view taken on line 5B-5B in Figure 5A;
Figure 6 is a perspective view of one embodiment of a device stage having

features of the present invention;



Figure 7A is a perspective view of yet embodiment of a device stage having features of the present
invention; Figure 78 is a cut-away view taken on line 73-78 in Figure 7A; Figure 8A is a flow
chart that outlines a process for manufacturing a device 5 in accordance with the present invention;
and Figure 8B is a flow chart that outlines device processing in more detail DESCRIPTION 10Figure 1
is a schematic illustration of a precision assembly, namely an exposure apparatus 10 having features
of the present invention. The exposure apparatus 10 includes an apparatus frame 12, an illumination
system 14 (irradiation apparatus), an optical assembly 16, a reticle stage assembly 18, a device stage
assembly 20, a measuremeRl AR Ena00VRk AR AbANLALLE S RRdIAMENiRLSYStem 26
The design of the_ com on? ts of the exeosure‘ apparatus 10 can be varied to suit the design
requirements of t a&z%a&?b%%ﬁ%‘?am% 28YO™ A number of Figures include an orientation system
that illustrates an X axid;iguveabidstaatisasyyogenddiertios knaxis; d@hch&igaxigshat is orthogonal to the

X 20 and Y axes. It shopigpe ayoied Hm%aq@s%ﬁﬁe@éserQ&ggf&r{ﬁﬁaMQ%tmﬁnd&%%Ee%?&émd and
third axes. The exposure apmkatus 10 I?ﬁ 'ﬁ))artlc_:ularl useful as a lithographic device that transfers

a pattern (notssho'{l/ﬁfcoclDr ?{]ﬁﬁéﬂ B3 RGN BRI AMLRAE 28 onto a semiconductor wafer 30
(illustrated in phantom) FitheeBéfér B30dy atsutididmputinedeyoramaibpabrg tdevios detadrk piece. The
exposure apparatus 10 mounts to a mounting base 32, e.g., the ground, a base, or floor or some other
supporting structure. There are a number of diffSE%EéYB‘FFo?\[ lithographic devices. For example,

10 Figure 1 is a schematic illustration of a precision assembly, namely an
_f exposure apparatus 10 having features of the present invention. The exposure
apparatus 10 includes an apparatus frame 12, an illumination system 14
(irradiation apparatus), an optical assembly 16, a reticle stage assembly 18, a
device stage assembly 20, a measurement system 22, a control system 24, and a
15 fluid environmental system 26. The design of the components of the exposure
apparatus 10 can be varied to suit the design requirements of the exposure
apparatus 10. '
A number of Figures include an orientation system that illustrates an X axis,
a Y axis that is orthogonal to the X axis, and a Z axis that is orthogonal to the X
20 and Y axes. It should be noted that these axes can also be referred to as the first,
second and third axes. ‘
The exposure apparatus 10 is particularly useful as a lithographic device
that transfers a pattern (not shown) of an integrated circuit fram a reticle 28 onto a
semiconductor wafer 30 (ilustrated in phantom). The wafer 30 is also referred to
25 generally as a device or work piece. The exposure apparatus 10 mounts to a
mounting base 32, e.g., the ground, a base, or floor or some other supporting
structure.
There are a number of different types of lithographic devices. For example,
the exposure apparatus 10 can be used as a scanning type photolithography
30 system that exposes the pattern from the reticle 28 onto the wafer 30 with the
reticle 28 and the wafer 30 moving synchronously. In a scanning type lithographic
davice, the reficle 28 is moved pemendicularly to an optical axis of the optical
assembly 16 by the reticle stage assembly 18 and the wafer 30 is moved
perpendicularly to the optical axis of the optical assembly 16 by the wafer stage

4



the exposure apparatus 10 can be used as a scanning type photolithography 30 system that exposes
the pattern from the reticle 28 onto the wafer 30 with the reticle 28 and the wafer 30 moving
synchronously. In a scanning type lithographic device, the reticle 28 is moved perpendicularly to an
optical axis of the optical assembly 16 by the reticle stage assembly 18 and the wafer 30 is moved
perpendicularly to the optical axis of the optical assembly 16 by the wafer stage assembly 20.
Scanning of the reticle 28 and the wafer 30 occurs while the reticle 28 and the wafer 30 are moving
synchronously. Alternatively, the exposure apparatus 10 can be a step-and-repeat type
photolithography systeroiti2t eXpasasding ttetickicR82Rhilittie netitde RBaandrthehavadaeBlare

stationary. In the stepaRdIRRRRIIINARESRWING WRMRF.HRIRIN a constant position relative to the reticle
28 and the optical asse blg1 ]]g d\t)%/rir*]g the exposure of an individual field. Subsequently, between
consecutive exposure SEPSARENatE? SOROTLERZNAIDLS bV ithandsR:rd-gase d%@mbly 20

perpendicularly tetetihtiguiniyisoitdne bptieabasse thilydtisisthatHie thextfiald 0 pftheswafer 30 is
brought into positipndelativestaithp.erycalrgsembly 16ensthe B%i&é%s?%ﬁ?%&gp%r% nojowing this
e

process, the images ?ﬁn %he r;?.ticle 8.aret sr(ﬁ%ientla!% exR%sed onto the fields of the wafer 30, and
then the next fiel TOItAG RATEPId FPBYS U HE IS BEfoRNL R &R ah @sistiebly d8<44iR% 18 and the
reticle 28. 15HovRPesURelgenoNthedighdistle dppmenusity, pretiden hereiaciginotdimiteddo a

photolithography siystendonsRMEe RS UCINANHIRGHIRG - e SEPSHE QQ?@%QM fop example,
can be used as Lc%ﬁ;hPE-?JiEQQHraQ stem that exposes a liquid crystal display device pattern

TEn D B T o RGP PR A b gatic 20

onto a rectangular glass pllla eora gh
head. 10" of the wafer 30 is brought into position relative to the optical assembly 16 and the

reficte 28 for exposure, Following this process, the images on the reticle 28 are
sequentially exposed onto the fields of the wafer 30, and then the next field of the
wafer 30 is brought into position relative to the optical assembly 16 and the reticle
28.

15 However, the use of the exposure apparatus 10 provided herein is not
limited to a photolithography system for semiconductor manufacturing. The
exposure apparatus 10, for example, can be used as an LCD photolithography
system that exposes a liquid crystal display device pattern onto a rectangular
glass plate or a photolithography system for manufacturing a thin film magnetic

20 head.

The apparatus frame 12 supports the components of the exposure
apparatus 10. The apparatus frame 12 illustrated in Figure 1 supports the reticle
stage assembly 18, the wafer stage assembly 20, the optical assembly 16 and the
illumination system 14 above the mounting base 32.

25 The illumination system 14 includes an iflumination source 34 and an
ilumination optical assembly 36. The iflumination source 34 emits a beam
(iradiation) of light energy. The illumination optical assembly 36 guides the beam
of light energy from the Mllumination source 34 to the optical assembly 16, The
heam flluminates selectively different porttions of the reticle 28 and exposes the

30  wafer 30. In Figure 1, the illumination source 34 is illustrated as being supported
above the reticle stage assembly 18. Typically, however, the illumination source
34 is secured to ane of the sides of the apparatus frame 12 and the enargy beam
from the illumination source 34 is directed to abave the reticle stage assembly 18
with the illumination optical assembly 36.



The apparatus frame 12 supports the components of the exposure apparatus 10. The apparatus frame
12 illustrated in Figure 1 supports the reticle stage assembly 18, the wafer stage assembly 20, the
optical assembly 16 and the illumination system 14 above the mounting base 32. 25The illumination
system 14 includes an illumination source 34 and an illumination optical assembly 36. The illumination
source 34 emits a beam (irradiation) of light energy. The illumination optical assembly 36 guides the
beam of light energy from the illumination source 34 to the optical assembly 16. The beam illuminates
selectively different portions of the reticle 28 and exposes the 30 wafer 30. In Figure 1, the illumination
source 34 is illustrated A8pliRralisporesticabdt 6anbeatilithistayrcassembly 4 i1sTypicgtindowever,
the illumination seoiiee: 3436 seguiadite eaaret thesidas afithe appacatusdrame 1é,ang thg-energy
beam from the illuminati 4.is directed to ve the reticle stage assembly 18 with the
illumination optic%@ﬁ%@%@ '?mll'%reall Lﬁ%ﬁ%?i@rg ggm'SCe i ggﬁ‘%@ CHGRPYOIPRIUEES as a
mercury g-line s (3855 6rinliheassingdhrgesiihe reliker28teithe Wake3(R4Bape)diap ArF
excimer lase$ (19amiher éebidraseiid Xipae)ud e ppteal assamblypieraieetsiand/er foguses the
light passing thr i afer 30. Depengdin the design of the exposure
apparatus 10, thqﬁgg?ggoa%%%%ﬁ/ﬁ%mc% en’wﬁglénn‘l at%(?rgé‘dqﬁgegﬁ%}%gaggeqﬁlﬁ?ﬁmégléﬂ BR threticle 28. It
could also be a IFAMITHicRiISFSRtem.  When far ultra-violet radiation such as from the excimer
laser is used, glass matériaissutivasaetatiaiansh flueties thatittaasmiliar Wia 4eletdayscan be used
10 in'the optical saamRd KheaRUCAERIERb A sanRaSTEL sipdioptic.aneliacve.

Also, with gn exposure device that employs radiation of wavelengt nm or’lower, UEEGf the
catadioptri(a:@ype'% CPURLERT IR d Sl bragrigaEcsriphls 1i fee barsiilspisriagisetde eptical system
include the disclédiaeligapan Patent 15 Application Disclosure No.8-171054 published in the Official

Gazette for Laid-OpensRasoniAnplisptions aadils fatBisiRgL R B NAIARRDR > ZV;‘;" as

Japan Patent A%Iiﬁ%gorhgg%(tl&sucre yd;?.lg-_z 195 and L[s counterpart' U.S. Pate }
these cases, the Teflectng optical devicarean BRECRUPAHTYAID 6pB LS corekiaradeJrsammip® a beam

splitter and concfvitmfabidicotia ferePeftamtiogpicdtion iDiscloshre Ne:Ba3468Hpulblizbed in the
Official Gazette AppliedtisnBRadRatest APBLEALIORS pashiiseoMNIBED kP -Ealant Mp-(3:689.377 as
well as Japan Pajent Applicat] (Q ggsur IN0.10-3039 its_counterpart U.S. Patent Application
No. 873,605 (Ap%ﬁcation Date@g-lgé )?all-lsdt_lsjfé) A renet iggs-‘rg.}?g%%ﬁqueeg?'ggﬁcaF em
incorporating a GSndaRA hiftEPt Ayaticatinn RissnsueepiadOshied, and tarralstehimerblfoyed with this
invention. As faiPagsig pérmiti@sh, #76.diactassecsdsd) etiab ouRenipgtiopgshUdS vieatents nasgvell as the
Japan patent appligatigas: Pyhlished inthe;Qificial.Gazelte for Laid-Open Patent Applications are
incorporatsg herein by ‘gefe?ﬂce.%qne eimbcgf((izljlimaerr?lg,f ?]a’tue op’i?cés ?y{g%grﬁ%?y S \é%ctmré?ﬁo the
Japan” Patent Application Disclosure No.8-334695 published in the Official

Gazette for Laid-Open Patent Applications and its counterpart U.S. Patent No.

5,689,377 as well as Japan Patent Application Disclosure No.10-3039 and its
counterpart U.S. Patent Application No. 873,605 (Application Date: 6-12-97) also

use a reflecting-refracting type of optical system incorporating a concave mirror,

25  efc., but without a beam splitter, and can also be employed with this invention. As

apparatus

far as is permitted, the disclosures in the above-mentioned U.S. patents, as well

as the Japan patent applications published in the Official Gazette for Laid-Open
Patent Applications are incorporated herein by reference.

In one embodiment, the optical assembly 16 is secured to the apparatus

30 frame 12 with one ar more optical mount isolators 37. The opticatl mount isolators

37 inhibit vibration of the apparatus frame 12 from causing vibration to the optical

assembly 16. Each optical mount isolator 37 can include a pneumatic cylinder

(not shown) that isolates vibration and an actuator (not shown) that isolates

vibration and controfs the position with at feast two degrees of motion. Suitable



30 frame 12 with one or more optical mount isolators 37. The optical mount isolators 37 inhibit
vibration of the apparatus frame 12 from causing vibration to the optical assembly 16. Each optical
mount isolator 37 can include a pneumatic cylinder (not shown) that isolates vibration and an actuator
(not shown) that isolates vibration and controls the position with at least two degrees of motion.
Suitable optical mount isolators 37 are sold by Integrated Dynamics Engineering, located in VVobum,
MA, For ease of illustration, two spaced apart optical mount isolators 37 are shown as being used to
secure the optical assembly 16 to the apparatus frame 12. However, for example, three spaced apart

optical mount isolefaksBih & cbRdigais8d tockinaimaticatyrsecubgiheiopticatasseyaedbdaihe
apparatus frame 18, T RISt S8 AsSERmBlY &nolds.a0d Q?%BE%%? the rr‘ﬂicl% 28 relative to the

optical assembly 16 and the wafer 30. In one embodiment, the reticle stage assem 1% inCludes a
reticle stage 38 tHAErSRAND Fi PaiRdsedaify serutrIthe Bt Fserabisie b iramanaratisves and
positions the reticlexstage 38 {awdwstifle @&mple, Shrsewhatsinartyogheal avicatstagaassembly 20

holds and positiopgthgWwafes 390 Mﬂgp,{%ﬂfgtgg&m% Qﬁg%g@%j@%%%ngqglﬁillgqﬁ%aé%g goég tions of the

reticle 28. In one §mbodiment, the device stage assembly 20 inc vice that
retains the wafer 38"% dévice stage base 43 that supports and guides the device stage 42, and a
device stage mover assEmbistidé ttrgarcsesbiyd! pdsiticnsithpaiiice iagetidd apddbavwader 28

relative to the opligalateamblcdanG hedRd seaifas bissdlaTeRURCc AIRSA2 ldescribed i
. wi

more detail below.S%gE%Fh %agé:j] mover assembly 40, 44 can move the respective stage

three degrees of restonT, lasy TS 1§ ria¥sr frdtloiriali s dalicls #itand@gratideot freedom.
For exampldlin ditegsdtiveas sisetineqtstraboirvesqmnmpysiicrstwmbilickd sdgean andvetible respective
stage 38, 42 withzane, two, three, four, five or six degrees of freedom. The reticle stage mover

assembly 40 Somewhat similarly, the device stage assembly 20 holas and positions the

wafer 30 with respect fo the projected image of the illuminated portions of the
reticle 28. In one embodiment, the device stage assembly 20 includes a device

15 stage 42 that retains the wafer 30, a device stage base 43 that supports and
guides the device stage 42, and a device stage mover assembly 44 that moves
and positions the device stage 42 and the wafer 28 relative to the optical
assembly 16 and the device stage base 43. The device stage 42 is described in
more detail below.

20 Each stage mover assembly 40, 44 can move the respective stage 38, 42
with three degrees of freedom, less than three degrees of freedom, or mare than
three degrees of freedom. For example, in alternative embodiments, each stage
mover assembly 40, 44 can move the respective stage 38, 42 with one, two,
three, four, five or six degrees of freedom. The reticle stage mover assembly 40

25 and the device stage mover assembly 44 can each include one ot more movers,
such as rotary motors, voice coil motors, linear motors utilizing a Lorentz force to
generate drive force, electromagnetic movers, planar motors, or some other force
movers.

Alternatively, one of the stages could be driven by a planar motar, which

30 drives the stage by an electromagnetic force generated by a magnet unit having
two-dimensionally arranged magnets and an armature coil unit having two-
dimensionally arranged coils in facing positions. With this type of driving system,
either the magnet unit or the armature coil unit is connected to the stage base and
the other unit is mounted on the moving plane side of the stage.



25 and the device stage mover assembly 44 can each include one or more movers, such as rotary
~motors, voice coil motors, linear motors utilizing a Lorentz force to generate drive force,
electromagnetic movers, planar motors, or some other force movers. Alternatively, one of the stages
could be driven by a planar motor, which 30 drives the stage by an electromagnetic force generated by
a magnet unit having two-dimensionally arranged magnets and an armature coil unit having
two-dimensionally arranged coils in facing positions. With this type of driving system, either the magnet
unit or the armature coil unit is connected to the stage base and the other unit is mounted on the

moving plane side of theistagent of thMegment abthaiagesasiaseibedabrye MrasALgS reaction
forces that can affect perfqr e lit system, Reaction forces generated by the
wafer (su bstrate)gs%gg%ﬁr%%t%% %%ﬁr?%%%e%ﬂ%h?cﬁ%yg{%ﬁ%&rghyto%sge%or (éﬁoe\f HA b9'GER of a frame
member as descABRHED S RHRRO (355 B2ieh Hoaenagingisae b9 apaiess Mixttangppiidation
Disclosure No. 8td364 fooAdgtiionillyy reactipn frisesaentmied bydhpsatipletnask).siage motion

can be mechani ranst - the fl , se,of a frame member a ibed in US
Patent No. 5}’%7%%(% 'a?ﬁg ﬁ I%%%énf]ggp%%gg%%a%?% H‘[ﬁ éh‘fﬁdﬂﬁgsc Ic?gﬁfgtﬁ%. g%%%‘gfz% As far as
is permitted, the AsHiissis irRGiebioicRE SEMeimtRsRY S%ﬁffé@(ﬂiﬁﬁ@,smﬁméﬁmcﬁamese Patent

Application Disclosgiehics!§-3302R4radetintiorplrated deatein by elereneeframe Thadpgagyrement
system 22 moniges gueTRARS ekl fadcica?d, Rl dng WATRAY elalive Jhe anticl assembly 16 or

some other refer, nc&. With this information, the control system an control the gtf?:?e’%?age

assembly 18 to 185 obitdfdi révclaras dnParidiediche digeonssminnLoRaiprecisely
position thetWafdh@8obarhSdR8igabitik HFddine maht isystoma Paant VarylidatoeXasplethe

measurement syigie@. 2éhoan atilizedipaitinle }%sgrniggpfg@épégggers, encoders, mirfors, and/or other

_mea"suring device. Th.el_ﬁ'gaabilité/ o;etrp‘g mg%ggéﬁ%gnt system 22 is essential for accurate transfer of an
image from the 20 reticlé 28 to the water’30. NI JYSisimet ehis el st erom the
measurement sy§¥sh 3 miioigriis orticahgesanbiyr Hssembliesoligraefoqmexciséliftpthéition the
reticle 28 and thinferfatiaR). heditanallyydhacontiahsysiam ALY ANSORRIANAR 1o Of the
environmenial SYABILEPp JDfoROME AtURITB 2 LA HUILE RS LL IS £ R A reaisgnd circuits.
position the wafer 30. The design of the measurement system 22 can vary. For
example, the measurement system 22 can utilize multiple laser interferometers,
encoders, mirfors, andfor other measuring device. The stability of the
measurement system 22 is essential for accurate transfer of an image from the
20 reticle 28 to the wafer 30, .
The control system 24 receives information from the measurement system
22 and controls the stage mover assemblies 18, 20 to precisely position the reticle
28 and the wafer 30. Additionally, the controf system 24 can control the operation
of the environmental system 26. The control system 24 can incfude one or more
25 processars and circuits. ‘
The environmental system 26 controls the environment in a gap 246
(llustrated in Figure 2B) between the optical assembly 16 and the wafer 30. The
gap 248 includes an imaging field 250 (illustrated in Figure 2A). The imaging field
250 includes the area adjacent to the region of the wafer 30 that is being exposed
30 and the area in which the beam of light energy travels between the optical
assembly 16 and the wafer 30. With this design, the environment system 26 can
control the environment in the exposure area 250.
The desired environment created and/or confrolled in the gap 246 by the
environmental system 26 can vary accordingly to the wafer 30 and the design of



-The environmental system 26 controls the environment in a gap 246 (illustrated in Figure 28) between
the optical assembly 16 and the wafer 30. The gap 246 includes an imaging field 250 (illustrated in
Figure 2A). The imaging field 250 includes the area adjacent to the region of the wafer 30 that is being
exposed 30 and the area in which the beam of light energy travels between the optical assembly 16
and the wafer 30. With this design, the environment system 26 can control the environment in the
exposure area 250. The desired environment created and/or controlled in the gap 246 by the
environmental system 26 can vary accordingly to the wafer 30 and the design of the rest of the
components of théhexpeguné dpparatupda@hinoiding theikuminatiparsystenn 14 Jneniqyagmple, the

desired controlledi@RyifapmepEANHE #AUd SHER s VAler.d D5 EBYLPOMARLY, Sysiem, 26 is

described in mor% d%tail elow. 5A photolithography system (an exposure appara us?)El rrglcceoa?ding to the
eMbodiments dedeHbEdHePain 25 be BRifI{rALBEntHIiRG PR disis wissgahad dnimdelifiahch

element listed in fhedomppended claims, in such a manner that prescribed mechanical accuracy,

electrical accgracy, anqﬂ\oBﬂg@;wwag%@mn@me&pl&gggeg&'gap;’f}jgﬁglcégedvari(BgstﬁércuraCieS,

prior to and foIIov%ir%%ol assge b(lg%, pvery og_tlcal system Is adjusted to achieve |{s'%%t|cal accuracy.
Similarly, every mechanical Systam and svely SRochfcBH Y Breps sl dirys sehrcethsir

respective mechditilizth@atbcalirapat distedios Mhaprondss ohassembiing eachasubsystem into a
photolithography systemsinchedesdrechrnisabintanachs lesineg qwisem%mgaeea}%ﬁtg’%s and air

pressure pIumbiq]qa}?ﬁaggg&eg;[jiogaé)rewﬁaann?e}grﬁ%bﬁs%/_stem. Needless to say, there IS also a process
where each subsystem Is assembled prior {0 ASselh '8‘5’ pef%fﬁﬁﬁ‘u%ﬁr%‘i‘fytgy@ﬂ@'rﬁoﬁﬂﬁ‘ﬂﬂwe various
subsystems! On@sseiltoR¥rsYr QBigalysystans iseeinbled ixingttheeyaiouptisabsystenis, a total
adjustment is peSonitel tevagkesthiadioal SRaUR AN SaPaRaR) higeRMBeeRRIglighography
s sl WA LSS LR S LA
1 that illustrates assembling each subsystem into a photolithography system includes mechanical
interfaces, electrical circuit wiring connections and  air pressure plumbing
15 connections between each subsystem. Neediess to say, there is also a process
.where each subsystem is assembled prior to assembling a photolithography
system from the various subsystems. Once a photalithography system is
asserbled using the various subsystems, a total adjustment is performed to make
sure that accuracy is maintained in the complete photolithography system.
20 Additionally, it is desirable to manufacture an exposure system in a clean room
where the temperature and cleanliness are confrolled.
Figure 2A is a cut-away view taken on fine 2A-2A in Figure 1 that illustrates
a portion of the exposure apparatus 10 including the optical assembly 186, the
device stage 42, the environmental system 26, and the wafer 30. The imaging
25 field 250 (illustrated in phantom) is also ilustrated in Figure 2A.
In one embodiment, the environmental syster 26 fills the imaging field 250
and the rest of the gap 246 (illustrated in Figure 2B} with an immersion fluid 248
(llustrated in Figure 2B). As used herein, the term “fuid” shall mean and include
a liquid and/or a gas, including any fluid vapor.
30 The design of the environmental system 26 and the components of the
er_wironmental system 26 can be varied. In the embodiment illustrated in Figure
2A, the environmental system 26 includes an immersion fluid system 252 and a
fluid barrier 254, In this embodiment, (i) the immersion fluid system 252 delivers
and/or injects the immersion fluid 248 info the gap 246 and captures the



a portion of the exposure apparatus 10 including the optical assembly 16, the  device stage 42, the
environmental system 26, and the wafer 30. The imaging 25field 250 (illustrated in phantom) is also
illustrated in Figure 2A. In one embodiment the environmental system 26 fills the imaging field 250
and the rest of the gap 246 (illustrated in Figure 28) with an immersion fluid 248 (illustrated in Figure
2B). As used herein, the term "fluid” shall mean and include a liquid and/or a gas, including any fluid
vapor. 30The design of the environmental system 26 and the components of the environmental system
26 can be varied. In the embodiment illustrated in Figure 2A, the environmental system 26 includes an

immersion fluid systeersRBXaidPadiiidiogriien2fw. datiiccempginentifl) Bierdgrpessienflvid system

252 delivers andigpiRigets ﬁh}?#ﬁﬁﬁ@%ﬁ%ﬁ?ﬁnﬁ&'@43‘5%@%9?&%%%%%nf%%gptures_ the immersion fluid
248 flowing from the 9%46, amc%gfg7 the fluid barrier 254 inhibits ow of the immersion fluid 248

away from near the gap 228°5'9"-FRIGdTgIR SR Svid ReieBragiassy aem F92 examydey fikor example,
the immersion flutdregestiem REP srsteimetdthmininpersion fluids?48ratoaeanners.s lgcatipas at or near

the gap 246 and/g[;glﬂgr@dge(pfﬁggrqggcgé@W)ﬁlgpTﬂtgmtiggl%ethﬁai@%%@g% g Plélq b248 may be

- injected directly %%&,?&Qéhe %gtic%lqassenh?lly 16 and the wafer 30. Furt elr, e immersion fluid
system 252 can Scavanys the mBrES Al 248 Qe diintlse festio Rebesribaceiedap 246
and/or the edge 8ftRBRIptitdlamkdinbiais. 30.thewinbodimeantiltusisatediin 4REigures2adhe

immersion fluid sysiesqeSRANGERSIRULERABSH FRAERIGRINISERAYENIS PRYS: %?%&”Uﬂ%ated in
phantom) positiog}%qorrletﬁé tgg g%egm%er oif. th‘e optical!assembly 16 and an injector/s eR/er]ge source
260. These components are described i mord tetalt BelSw. I the sgtslimealBuntiaiedtds that the

optical asséfhbly"&5iRcRedizh dptessies hbuidingysean, 2bfsihnoptiesl dtlemenp3623, andttan element
retainer 262C thafesctisesthigyiapsaplisal RIGMERIRATH AR PRUANIRAUNAY RB2AoEigure 28 is a
cut-away view ofthg, DO f sure aratus 10 of Figure 2A, including (i) the optical
assembly 16 with the oétiil’ggia (ff)]oéugs%g 62'%,65\, tﬁg‘%ﬁﬁqé?“é} e%ltfasﬁ gfé% SR4 e Ef¥mentRstGiner 262C,
(ii) the device st4§BR 5D RTHHRe & v fruradeied Rglevem 26. Figure 28 also illustrates the gap 246

betV\_/eel:n the last optic&é@lam%%mnﬂtﬁaewmf%%m@dmimﬁé‘?kﬁrlesf@m(%ﬁéaﬁi"UStrated
ir I n . I roxim mm.
enbosiment O K b e S B U e T
g 262A.
Figure 2B is a cut-away view of the portion of the expasure apparatus 10 of
Figure 2A, including (i) the optical assembly 16 with the optical housing 262A, the
oplical element 2628, and the element retainer 262C, (i} the device stage 42, and
20 (iii) the environmental system 26. Figure 2B also illustrates the gap 246 between
the last optical element 2628 and the wafer 30, and that the immersion fluid 248
(illustrated as circles) fills the gap 246. In one embodiment, the gap 246 is
approximately 1mm.
In one embadiment, the fluid barrier 254 contains the immersion fluid 248,
25  including any fiuid vapor 249 (iflustrated as triangles} in the area near the gap 246
and forms and defines an interior chamber 263 around the gap 246, In the
embodiment itlustrated in Figure 2B, the fluid barrier 254 includes a containment
frame 264 (also referred to herein as a sumounding member), a seal 266, and a
frame support 268. The intetior chamber 263 represents the enclosed volume
30  defined by the containment frame 264, the seal 266, the optical housing 262A and
the wafer 30. The fluid barrier 254 restricts the flow of the immersion fluid 248
from the gap 246, assists in maintaining the gap 246 full of the immersion fiuid
248, allows for the recovery of the immersion fluid 248 that escapes from the gap
246, and contains any vapor 249 from the fluid. In one embodiment, the fluid
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25 including any fluid vapor 249 (illustrated as triangles) in the area near the gap 246 and forms and
defines an interior chamber 263 around the gap 246. In the embodiment illustrated in Figure 28, the
fluid barrier 254 includes a containment frame 264 (also referred to herein as a surrounding member),
a seal 266, and a frame support 268. The interior chamber 263 represents the enclosed volume 30
defined by the containment frame 264, the seal 266, the optical housing 262A and the wafer 30. The
fluid barrier 254 restricts the flow of the immersion fluid 248 from the gap 246, assists in maintaining
the gap 246 full of the immersion fluid 248, allows for the recovery of the immersion fluid 248 that

escapes from the gaRep 40 RBAGORBIAR ARV ARMAF LitamdNedlyish Bugne gmbediment, the fluid

barrier 254 encircles and runsﬂgntﬁrel baro.und the ga{}pé246.Fu,rther, in one embodiment, the fluid
barrier 254 confinas SREMTHTe Son HLRF%ES 2t RI9RS 5 5M8Y Y8YilHd R tHeihisr B9 2nd the
device stage 42 ceffidred wyitheosphicavatscifzpd hisGositaintagntidfdeathrtib dmihegiticatluid 248
and its vapor 249 gapheyjmportant for the stability of the lithography tool.For example, stage

measuremenkinterfero eters areen %?sbig he o the index of refraction of the ambient atmosphere. For

the case of aif with someWAter VApSF presental MasHT ehifiidanife 2t 3430071248, hPfor the
interferometer belModathafie HE1%abditlh refatihe hithrdigpbauses.a clfangetamefeacttaéendex of

approximately 10nfedz@fdinkdt (R(afheaRRathtbiSEARTRPIES ARt SR RKOLPTAAAMIN stagsg position. If
the immersion flugqn%%%s ater, a droplet,of water]. mm i diameter evaporating into a 1 m3 volume

r
changes the relative humlaﬁf/)ﬁ? ir%.cgééﬁé%e\a/ec?ﬁnéfdﬁ]}f & ?[ﬁ%@ﬁywrﬁgﬁif%lpeod Bf%@%'?)trf"éé?é’&?’for by the
control system 242HaetRtdras BuseLotHeses ighd denjtieinisdemestdatvahumidignis whildsm, so that
its value is the samedatitechintatigroaeter heamgam abthe o ntng BeiRdxIRaayetf digplets of

water and it altepqapy@PRLAR SHAHRI 20, ATOHRL. AR Ne ey A Stads suriaces, (ng gesumion of

uniform relative humidity may not be valid. In addition to the ris e inte eter beams, water

- evaporation may ‘BE&ISIR R AL R wRlRr@ d5eleh huistemt mmdnriRmetsrenemitg Btovater is
about 44 kJ/molea Evaporation aiatiyed themedatperhentidinetyabny ereiiitieb saaiabp iy ggdakyhich must

be supplied by thg aigeank Y {8rESted for by the control system 24, but this is based on the

15 assumption that the relative humidity is uniform, so that its value is the same in

the interferometer beams as at the monitoring point. However, if droplets of water

and its attendant vapor are scattered around on the wafer and stage surfaces, the

assumption of uniform relative humidity may not be valid.

fn addition to the risk to the interferometer beams, water evaporation may

20 also create temperature control problems. The heat of vaporization of water is

about 44 kJ/mole. Evaporation of the 7 mm drop mentioned above will absorb
about 430 J which must be supplied by the adjacent surfaces.

Figure 2C illustrates a perspective view of one embodiment of the

coptainment frame 264. In this embodiment, the containment frame 264 is

25 annular ring shaped and encircles the gap 246 (illustrated in Figure 2B).

Additionally, in this embodiment, the containment frame 264 includes a top side

270A, an opposed bottom side 270B (also referred to as a first surface) that faces

" the wafer 30, an inner side 270C that faces the gap 246, and an outer side 270D.

It should be noted that the terms top and bottom are used merely for convenience

30  and the orientation of the containment frame 264 can be rotated. It should also be

noted that the containment frame 264 can have another shape. Alternatively, for

example, the containment frame 264 can be rectangular frame shaped or

octagonal frame shaped.
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Figure 2C illustrates a perspective view of one embodiment of the containment frame 264. In this
embodiment, the containment frame 264 is 25 annular ring shaped and encircles the gap 246
(illustrated in Figure 28). Additionally, in this embodiment, the containment frame 264 includes a top
side 270A, an opposed bottom side 2708 (also referred to as a first surface) that faces the wafer 30,
an inner side 270C that faces the gap 246, and an outer side 2700. It should be noted that the terms
top and bottom are used merely for convenience 30 and the orientation of the containment frame 264
can be rotated. It should also be noted that the containment frame 264 can have another shape.
Alternatively, for exampfédtferantaafnisnvitfednd@eitcdheberetiangularbiameshapes, opectagonal

frame shaped. terfsidifioratbhiasieiqyised Rer il ¢hs e B e T@H%?s%)%]’ﬂ%}g)%?& temperature
e C

controlled to stabilize ﬂ]%FSFH e aé[&(rq 0 ithe immersion fluid 248. erring back to Figure 28, the
seal 266 seals the contanment trame 264 16 the: SpEEAPAsEEMENF facrniairmantdrasesthotion of
the containment fPathe &tied Asramblto! therohiitalassesbip betionorfdrembedimerttharssal 266 is

made of a flexiblesresiliaint materiaptBat s fotiflvenged Ry dhe dmmersipn L 51 248, Syitable
materials for the geal %Q%!QCI%Q&} r&b{pleférl?w -Ni neoprene, Viton or plastic. A_ternat_we?y?he seal 266
may be a bellows made of & metal such as staniesd B ICHbEY di% PiasieiorottisuAdeD
illustrates an enlZY&E &S defidheoprig 3RS Jaduite pattirc frawdy. idup dsamevsiuppaTt 268

connects and suplpstis thaitonsiryentiamea844a,ihe appafaius fiamet2 FddhepRtical assembly
16 above the Waé?éi:%@s@@e@%udﬁﬂg -Slage 432ti In one embodiment, the frame support 268 supports
all of the Weiight of the containment frame 264 ,&Iternatively, for example, the frame 15 support 268

can__supporil nly a porfilh6r A sties phevareshirmof anpertion oinfime=Bfddimetis) the frame
support 268 candrchydey orfd@fmoresspppaessentdias 27d shRscramme Gu b iRmesHpport 268

can include threeespacadappdsURPRLASBMRIES 2 £ ly two are illustrated). In this embodiment,
each support asggng%l% 37-4 extends between the apéq%%rjﬁgﬂérsg%né%ﬁ lggrjlaifﬂ\éeto es‘i‘@éﬁ&%?OA of the

containment frame eVic 98 dmblbane fmRaginenh ibet sermnp et 268 aukpadesihs used
herein, the termofillauneidiiall thesoniasareiatime polativatyrhighalifioessdmpemaslirgaiions and

relatively lowg stifassstrrethesdisesionoiy anNgLmRosH fl s rate (i) to be relatively
stiff along the Xﬂ%gs Zﬂ,pg r,‘25 a ) b '?ﬂ@%ﬁ%fg%@%ﬁ%%ﬁﬁ&%%%ﬂgeﬁe Bkis. The

ong the Y, ax;s, and (ii v
ratio of relatively stiff to re?aﬁ?é?ﬁ?@?%tret Re LRGSR BF&?{%&@)} CHRPCHIP BesHP RSt
approximately 185 TP EtaétanbtheraagiahtiddsamesscanatiGasioamvishniefitihescariaiament frame
264 along the Zapde angpothinisenaiies of thewoiainmentinme 2o alngtBsAh s ang,the Y axis.
In this embodime s e, 30.5Hp Y ASSRML 24 BASELYSlY-SHRRO'SS the containment frame 264.
20 270A of the containment frame 264.
In one embodiment, each support assembly 274 is a flexure. As used
herein, the term “flexure” shatl mean a part that has relatively high stiffness in
some directions and relatively low stiffness in other directions. ln one
- embodiment, the flexures cooperate (i) to be relatively stiff along the X axis and
25 along the Y axis, and (i) to be relatively flexible along the Z axis. The ratio of
relatively stiff to relatively flexible is at (east approximately 100/1, and can be st
teast approximately 1000/1. Stated another way, the flexures can aflow for rmotion
of the containment frame 264 along the Z axis and inhibit motion of the
containment frame 264 along the X axis and the Y axis. In this embodiment, the
30 support assembly 274 passively supports the containment frame 264.
Alternatively, for example, each support assembly 274 can be an actuatar
that can be used to adjust the position of the containment frame 264 relative to the
watfer 30 and the device stage 42. Additionally, the frame support 268 can include
a frame measurement system 275 that monitors the position of the containment
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Alternatively, for example, each support assembly 274 can be an actuator that can be used to adjust
the position of the containment frame 264 relative to the wafer 30 and the device stage 42.
Additionally, the frame support 268 can include a frame measurement system 275 that monitors the
position of the containment frame 264. For example, the frame measurement system 275 can monitor
the position of the containment frame 264 along the Z axis, about the X axis, and/or about the Y axis.
With this information, the support assemblies 274 can be used to adjust the position of the
containment frame 264. In this embodiment, the 5 support assembly 274 can actively adjust the

position of the coptgijumat freg}eeg%p,e A %ﬁlgrn%%@rgp&%rmgy%w%w%gph% SIS mcIudes

one or more pressure equalizers 276 that can be used to control the pressure in t amber

Stated another wB§SH08 Sf08 TN (L0 s IRhiBl AT ghivie AIPHELE. e Pharmyskas: pressure
changes associat@sbwiithehedkisd dEithrtiifrovoraretdingfersespbetasemtiie cantatamentdsathe 264 and

the wafer 30 or thg @(ﬁhapﬁr@lpegmn&@@%%ﬂé.ﬁw%m %ESSH{%?Q%?HES&%?@ GRQ cause the
pressure on the inside of the cham #re 263 and/or in the r%ﬁp 246 to be approximately equal to the

pressure on the UG8 GEHFE BYafBer e 3C G 12t His P sian e beuradaiiaizd: 8%an be a

channel that exte#fés through the containment frame 264. In one embodiment, a tube 277 (only one is
illustrated) is attached g t&eeceﬁ:rmaeh@&ﬁa@rbpéﬁ%rﬁqeﬁrml@ﬁre’n?%%aﬂa@ 3Ry fid.yapor away
a

from the measurement syste trated in Figu tive embodiments, the pressure
equalizer 276 allb\ ?glr”gyﬁr ug'lhr édg#es)reﬁrrge fljeggsffﬁilgraﬁogﬂﬁ ?ﬁ&?&fg&’{ﬁ’g’iﬂﬁd‘é‘aﬁ“?ﬁ% 5,0r 1.0
PSI.  Figure 284dIso #atarhtasctesrdpinjdatopoesssa geqadzers 2 16igorébito dussphesone
injector/sca\rengﬁbraadx?@&m:ﬁ@%e&eiﬁésdnr&&aﬁﬁé@dﬁﬁemraeaﬂwﬁth%iﬁiﬁi@’f%\%\ﬁf&ﬁ pads 258
inclydes a pad O%iaéqqég R%ggec%jn el %Z§é1 at rerén fI é;}Hnrcat,(ron \Hrth e

injector/scavenge source e appropfiate ime. the |nJec VG ot 28 provides
immersion fluid 288! tHePant skt 2?8%8&%?%%%@@%?%@@%%8?@@3%%@% immersion

fluid 248 throughptiesspasl intethd 78Bideorsf thtee chaankiasr 2683 andfigurestRB angd 2Q@lse ilystrate that
the immersion ﬂlﬁgp?o%gn%@? eRamherRE3 R 19R ﬂiéhgu%%fsr&%é%ﬁéﬁ?}é’é}f%éo gyes under

the optical 30 assem bl?; [l drag the immersion fluid 248 in the vicinity of a to device surface

279 of the wafer 3t 'tﬁ@%é’fﬁsﬁﬁrﬁw‘?ﬂ‘tﬁ'g@ﬂ S4%n be %'&h@é‘&ﬁﬁwsré?é‘mﬁ@ ®eFigures 28
and 20, the devicestigeAR irchal2éda stage smifedavRe0, thattiwa7adprdxonatelilidsagaddsheight

along the Z axis agHad0B, 8 \ea#ressdpusiass.id S Qldhavaie o oriajath driasLpeY:
away from the measurement system 22 (illustrated in Figure 1). in altemative
embodiments, the pressure equalizer 276 aflow for a pressure difference of less
20  than approximately 0.01, 0.05, 0.1, 0.5, or 1.0 PS\.
. Figure 2B also illustrates several injectot/scavenge pads 258. Figure 2D
illustrates one injector/scavenge pad 258 in more detail. In this embodiment, each
of the injector/scavenge pads 258 includes a pad outlet 278A and a pad inlet
' 2788 that are in fluid communication with the injector/scavenge source 260. At
25 the appropriate time, the injectorfscavenge source 260 provides immersion fluid
248 to the pad outlet 278A that is released into the chamber 263 and draws
immersion fluid 248 through the pad inlets 2788 from the chamber 263.
Figures 28 and 2D also illusirate that the immersion fluid 248 in the
chamber 263 sits on top of the wafer 30. As the wafer 30 moves under the optical
30 assembly 16, it will drag the immersion fiuid 248 in the vicinity of a fop, device
surface 279 of the wafer 30 with the wafer 30 into the gap 246.
In one embodiment, referring to Figures 2B and 2D, the device stage 42
includes a stage surface 280 that has approximately the same height along the Z
axis as the top, device exposed surface 279 of the wafer 30. Stated another way;,
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in one embodiment, the stage surface 280 is in approximately the same plane as the device exposed
surface 279. In alternative embodiments, for example, approximately the same plane shall mean that
the planes are within approximately 1, 10, 100 or 500 microns. As a result thereof, the distance
between the bottom 5 side 2708 of the containment frame 264 and the wafer 30 is approximately
equal to the distance between the bottom side 2708 of the containment frame 264 and the device
stage 42. In one embodiment, for example, the device stage 42 can include a disk shaped recess 282
for receiving the wafer 30. Alternative designs of the device stage 42 are discussed below. 10Figure
20 illustrates that & REMEHEYIBR oS Baaeeathebotiom asiecTof4y the santajnmenidrame 264

and the wafer 30 aadgnibe depisrstagafa ta-allow.fo 2nt of the device stage 42 and
p éﬂ:% 9’@. V\M 5&%%@8”@%8%%9&%5 ﬁrcgﬁa\%{i&?

the wafer 30 relatiye F((;Jx}hetcpnt ainsrgegt f{aame 264. The size of the frame gap 2 ! For
example, the frame gap 284 anebe_g]et\?vegﬁ YRBIRTHA GRS STRNtR asradrmattte
examples, the framd @alP98u &8 McevsroRmmtelus Hebe, thOQlitafc00:2a, BAGAAR; or 500

microns. i cevithireeopbadineaisithechsianse bewern ide 2708 and at least one of
the wafer 30 andigr,the, ?é{ri]c% taqal% éhzt'se sbh ter th%&n a dig%ﬁlc%éb%t\@v%garp r%"erﬂ%{]%]iﬂr?gggq (e.g. the
%bottom o the W opieat st ahie somtrivment Sptalsésebly 16 and

last optical element 2628 or the
at least one of thdf&ffiososiatsotindraenrcentaginet, for Additioilealye awitesaap 283:6an exist

between the edg@afitheanidiersBapaacdtesyater RIARR 42 ARGEIPSFIMEH Ql%é"’&‘é%’ ggp 285 Is as
narrow as possib&@ﬁ%@&ig&i@ageea@%%vggen S:[Qedwa{gr 30 is off-center from the optica b assembly
16 and Iyinglraartly within andﬁrtly outsi e?He ﬁui%ecovﬁtainment frame 264 region. For example, in

alternative embodimentddYfe shilisyairs dbet arfleea o aifaripts bE0yE8, 1R0p@0M @idk000
microns. Figure 20sof iihestrattsninahsoanesatdheimme siarfuis 244 M fshuegn jhegsontainment
frame 264 and thg wRierAQLasdigr e j 42, 30.In one e diment, the containment frame
264 includes one,or m%% scave%ge in@iy%%%%}rﬁc&ssﬁgﬁgg g[r]gor APt IREN il 2708 of
the containment frame 264 tHe BA%D%bre Raviirg@intass Pemaresm A8 eumvaonic&ion with

example, the frame gap 284 can be between approximately Spum and 3 mm. In
15 altemative examples, the frame gap 284 can be approximately 5, 10, 50, 104,
150, 200, 250, 300, 400, or 500 microns.

In certain embodiments, the distance between the hottom side 2708 and at
least one of the wafer 30 and/or the device stage 42 is sharter than a distance
between the end surface (e.q. the last optical element 262B or the hottom of the

20 oplical housing 262A) of the optical assembly 16 and at least one of the wafer 30
and/or the device stage 42.

Additionally, a wafer gap 285 can exist between the edge of the wafer 30
and the wafer stage 42. In one embadiment, the wafer gap 285 is as narrow as
possible to minimize leakage when the wafer 30 is off-center from the optical

25 assembly 16 and lying partly within and partly outside the fluid containment frame
264 region. For example, in alternative embodiments, the wafer gap 285 can be
approximately 1, 10, 50, 100, 500, or 1000 microns.

‘ Figure 2D also illustrates that some of the immersion fluid 248 flows
between the containment frame 264 and the wafer 30 and/or the device stage 42.

30  In one embodiment, the containment frame 264 includes one or more scavenge
inlets 286 that are positioned at or near the bottom side 270B of the containment
frame 264. The one or mare scavenge inlets 286 are in fluid communication with
the injector/scavenge source 260 (illustrated in Figure 2B). With this design, the
irmersion fluid 248 that escapes in the frame gap 284 can be scavenged by the
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the injector/scavenge source 260 (illustrated in Figure 28). With this design, the immersion fluid 248
that escapes in the frame gap 284 can be scavenged by the injector/scavenge source 260. In the
embodiment illustrated in Figure 2D, the bottom side 2708 of the containment frame 264 includes one
scavenge inlet 286 that is substantially annular groove shaped and is substantially concentric with the
optical assembly 16. Alternatively, for example, the bottom side 2708 of the 5 containment frame 264
can include a plurality of spaced apart annular groove shaped, scavenge inlets 286 that are
substantially concentric with the optical assembly 16 to inhibit the immersion fluid 248 from completely
exiting the frame ipapt2BdcLthgdteamativelgoa plviality:ehopasast zmgf;g@mrﬁprﬁ&gg%?%g a circle
can be used inst r roove. 10In o mbodiment, the injector/scavenge
source 260 appli@%%a%%gg?r%ﬁf?gg%?a 9/5‘8111%%]‘%;1‘1 %%%5%5]\%%%85’ &t Sa¥ehR s &acuum
draws the immer&ighifgHPeiastislyaaen'ay arepnalrlmghnsd Besibrfanéalio tomesitie 2080and (i) the

wafer 30 and/or thfidalvicestage 4. ThiIMessiorfl ud-248dn dhe deane gaR 28Ahacts ag.a fluid
bearing 2894 (illystiaiardas: 3aLoyssthats rts_15 the.containment frame 264 above the wafer 30
and/or the device stage 42, al%)@]vrs%%r)ﬁlﬂ?eg%c;ﬁ%gf%?ng Ii"r?n']% EéEQ%Cﬁga?Wmﬂ%Waﬂﬁ’ﬂ%n on the

wafer 30 and/or tHERRiIERSRE BN Paffolbeticia retastasiiplnetnantic gaithte. Wihathis
embodiment, mogtssinhly iftnie isobitfitiel 248deseonfiiadudthionrine HaidtbRriRling the frame

gap 284. Still alternatively, a plurality of spaced apart apertures oriented in a

circle can be used instead of an annular shaped groove,
10 In one embodiment, the injector/scavenge source 260 applies a vacuum
i and/or partial vacuum on the scavenge inlet 286. The partial vacuum draws thé
immersion fluid 248 between (i) a small land area 288 on the bottom side 2708,
and (i) the wafer 30 and/or the device stage 42. The immersion fluid 248 in the
frame gap 284 acts as a fluid bearing 289A (iflustrated as an arow) that supports
15 the containment frame 264 above the wafer 30 andfor the device stage 42, allows
far the containment frame 264 to float with minimal friction on the wafer 30 and/or
the device stage 42, and allows for a relatively small frame gap 284. With this
embodiment, most of the immersion fluid 248 is confined within the fivid batrier
254 and most of the leakage around the periphery is scavenged within the narrow

20 frame gap 284.

4 Additionally, the environmental system 26 can include a device for creating
an additional fluid bearing 2898 (illustrated as an arrow) between the containment
frame 264 and the wafer 30 andfor the device stage 42. For example, the
containment frame 264 can include one or more bearing outiets 290A that are in

25 fluid communication with a bearing fluid source 2908 of a bearing fluid 290C
(illustrated as triangles). In one embodiment, the bearing fluid 290C is air. In this
embodiment, the bearing fluid source 290B provides pressurized air 290C to the
hearing outlet 290A to create the aerostatic bearing 289B. The fluid bearings
289A, 289B can support all or a portion of the weight of the containment frame

30 264. In altemative embodiments, one or both of the fluid bearings 289A, 2898
support approximately 1, 6, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 percent of
the weight of the containment frame 264. in one embodiment, the concentric fluid
be_;arings 289A, 2898 are used to maintain the frame gap 284.
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254 and most of the leakage around the periphery is scavenged within the narrow 20 frame gap 284.
Additionally, the environmental system 26 can include a device for creating an additional fluid bearing
2898 (illustrated as an arrow) between the containment frame 264 and the wafer 30 and/or the device
stage 42. For example, the containment frame 264 can include one or more beating outlets 290A that
are in 25 fluid communication with a bearing fluid source 290B of a bearing fluid 290C (illustrated as
triangles). In one embodiment, the bearing fluid 290C is air. In this embodiment, the bearing fluid
source 2908 provides pressurized air 290C to the bearing outlet 290A to create the aerostatic bearing
2898. The fluid bearingBer89AINI 9B aathes wispion, ahorbeporidhidl 2becveighhafdhgsanpiainment

frame 30 264. In @ltapastiva enbekient i Ui ings , 2898 support
approximately 1,5 10, 20, 30, 40, 5%%0;%??%?@3%%%?5? Egér%(dggiﬁi\%%%m%‘fg'gqtaiﬂment
| g , to aineain the

frame 264. In one embodiment, {h conc
frame gap 284. SMbgplpentding perriteadrighidirobedsibg fuid208CwanthavehsSAme

compositiondr axdfierentcampapiionhaningumanersinh Tl addsHansrer same ol he bearing
fluid 290C may qgﬁﬁ)%?a ['orénsgﬁﬂ}‘%udfggrner 254. In one embodiment, the type’o %earlng(ﬁwd 290C is
be chosen so that the bearning Huid 5 290 A PGS Hbt interfere with the measurement system

22 or temperature stalii§reieceissivirnt frarattis @ civarnotherseaveagiments espaiiial vacuum
in the scavenge ani¢ s @86tp UraAMHEIR S2Re: CRNMRRT Hamsetlonaids g wafer 30. In this

embodiment, the fluid; in 2898 supports part the weight of the containment frame 264 as 10
well as oppgses the p'rgﬁ%%%gﬁmpose%ig ése%a%r |§ v%&’&ﬂﬁ“ﬂﬂffﬁg ol tfiancegétas  In

[»]

t
addition, the? pre‘ﬁ‘gur%&%ﬂ?%@%@'ﬁsi@%d‘ﬁf&l%é’%ﬁh@@dmlmm within theneai@inment
frame 264. As pidetd@8tabove, the immersion fluid 248 in the frame gap 284 is mostly drawn out

through the scavenge inlglgig&- #ib pressurized air 290C helps fo contain the immersion fluid
248 within the containment frame 264. As provided above, the immersion fluid
248 in the frame gap 284 is mastly drawn out through the scavenge inlets 286, in
15 this embodiment, any immersion fluid 248 which leaks beyond the scavenge inlets
286 is pushed back to the scavenge inlets 286 hy the bearing fluid 290C.
The frame gap 284 may vary radially, from the inner side 270C to the outer
side 270D, to optimize bearing and scavenging functions.
In Figure 2D, the bearing outlet 290A i# substantially annular groove
20 shaped, is substantially concentric with the optical assembly 16 and the scavenge
inlet 286, and has a diameter that is greater than the diameter of the scavenge
intet 286. Alternatively, for example, the boftom side 270B of the containment
frame 264 can include a plurality of spaced apart annular groove shaped, bearing
outlets 290A that are substantially concentric with the optical assembly 16. St
25  alternatively, a plurality of spaced apart apertures oriented in a circle can be used
instead of an annular shaped groove. Alternativety, for example, a magnetic type
bearing could be used to support the containment frame 264.
As illustrated in Figures 2B and 2D, the wafer 30 is centered under the
optical assembly 16. In this position, the fluid bearings 289A, 2898 support the
30  containment frame 264 abave the wafer 30. Figure 2E is an illustration of the
portion of the exposure apparatus 10 of Figure 2A with the device stage 42 and
the wafer 30 moved relative to the optical assembly 16. In this position, the wafer

30 and the device stage 42 are no longer centered under the optical assembly 16
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15 this embodiment, any immersion fluid 248 which leaks beyond the scavenge inlets 286 is pushed
back to the scavenge inlets 286 by the bearing fluid 290C. The frame gap 284 may vary radially,
from the inner side 270C to the outer side 2700, to optimize bearing and scavenging functions. In
Figure 20, the bearing outlet 290A is substantially annular groove 20 shaped, is substantially
concentric with the optical assembly 16 and the scavenge inlet 286, and has a diameter that is greater
than the diameter of the scavenge inlet 286. Alternatively, for example, the bottom side 2708 of the
containment frame 264 can include a plurality of spaced apart annular groove shaped, bearing outlets
290A that are subsiantiadlyfin desiriegeitiahe, optioal aeetmitds 1o, $1HL2S altyrnathwiy, anplurality of

spaced apart ape&ggé%mé%me ﬁglgglgvgqn eb\gaqgregol Qﬁ@ﬁ% (af n easggula haped groove.

Alternatively, for example, a magnetic type bearing could be use to sup ie containment frame

264. As illustrated in Flgﬁﬁé?’é’B‘%ﬁdc ?bem'éo\ﬂlﬁféﬁ%@‘ @%éﬁ?éﬁ@ﬁsﬁﬂmé%m@é%s@ﬁbﬁ/ 16. In this
position, the fluid drebsifige@3 8%, RSB EuERerdhe A0roPtaiNtREES BmelatbaRevrthauveafer 30.

Figure 2E is an |II5§_;_;@@% of FSG%BOEHQHQJQW ,gm%wg%@ggg%ﬂﬁ aro g ere 2A Wx'th the device

stage 42 and the wafer 30 moved relative to the optical assem IS posﬁlo ﬁ1e wafer 30 and

the device stage A9LFERT1GIGEPREATRIES ﬁ?ﬂi’&“ﬂ‘f‘e"gﬁilgﬁﬁa@%’éﬁ%ﬁf’ 1'6 Fighee tRR)RIIE iSarings
289A, 289A (illustredddéts RigfiBdil@fretgporfiperenatimden)fanne podh@botiet thatwaieddd and the

device stage 42. presduiipde ﬁ!!ﬁé]‘sﬁ%kﬁﬁﬂ%%ﬁﬁ&%t@%@%ﬁ?'ﬁﬁﬁﬁX&ﬂ%ﬁgg{%ﬁ g this

embodiment, the injector/sc source 260 includes (i) a low pressure source
J‘np oua la %} gf?lters the %mmersxon ﬂusgzi) 248, (£} an aerator 382C in fluid

10 communication with the filter 3928 that removes any air, contaminants, or gas
t from the immersion fluid 248, (iv) a temperature control 392D in fluid
' communication with the aerator 392C that confrols the temperature of the
immersion fluid 248, (v) a reservoir 392E in fluid communication with the
temperature control 382D that retains the immersion fluid 248, and (vi) a flow
15  controller 392F that has an inlet in fluid communication with the reservoir 392E
and an outlet in fluid communication with the pad outlets 278A (iliustrated in ..
Figures 2B and 2D), the flow controller 392F controlling the pressure and flow to
the pad ouflets 278A. The operation of these components can be controlled by
the control system 24 (illustrated in Figure 1) to control the flow rate of the
20 immersion fiuid 248 to the pad outlets 278A, the temperature of the immersion
fluid 248 af the pad outlets 278A, the pressure of the immersion fluid 248 at the
pad outlets 278A, andfor the pressure at the scavenge inlets 286 and the pad
inlets 2788.
Additionally, the injector/scavenge source 260 can include (i) a pair of
25  pressure sensors 392G that measure the pressure near the pad outlets 2784, the
scavenge infet 286 and the pad inlets 278B, (i) a flow sensor 392H that measures

the flow to the pad outlets 278A, and/or (i) a temperature sensor 3921 that

measures the temperature of the immersion fiuid 248 delivered to the pad outfets
278A. The information from these sensors 392G-3921 can be transferred to the
30 control system 24 so that that control system 24 can appropriately adjust the other
components of the injector/scavenge source 260 to achieve the desired

temperature, flow andfor pressure of the immersion fluid 248.
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5 392A, e.g. a pump, having an inlet that is at a vacuum or partial vacuum that is in fluid
communication with the scavenge inlet 286 (illustrated in Figure 2D) and the pad inlets 2788
(illustrated in Figures 213 and 20) and a pump outlet that provides pressurized immersion fluid 248, (ii)
a filter 3928 in fluid communication with the pump outlet that filters the immersion fluid 248, (iii) an
aerator 392C in fluid 10 communication with the filter 3926 that removes any air, contaminants, or gas
from the immersion fluid 248, (iv) a temperature control 392D in fluid communication with the aerator
392C that controls the temperature of the immersion fluid 248, (v) a reservoir 392E in fluid

communication with thetestpetatube conitke! 3820 thabrriains the im@eﬁﬁj%gggqg4%fa%(vi) a flow
15 controller 392 inlet. i [ mmunjication with the reservoir 392E and an outlet in fluid
communication wﬂ%ﬁ%ﬁ%etﬁé g%gAdiﬁlus?%gbde invﬁfbe\gfes%@éﬁrd 555 e MRAPcBhtBRer 302F
controlling the prESEMRNSHE fIBAY t§hd Parreatiasy 2sikoThewpaiativn eftipesedsncponients can be

controlled by the duapiiralesly sterm 2kfitisitatethjscligitadhie cantrel fae tlaw rrigLf mt%%immersion
fluid 248 to the pad Ietﬁ,glz , t,l%gémper ture of the immersjon fluid 248 at the pad outlets 278A,
the pressure of tk? %ersioﬁ%id 248 at gfh:t %’é‘&%ﬁﬁ?é% f?gqﬁ?fﬂaeﬁsd/oorrth%ﬂberresg HRE scavenge
inlets 286 and th&' BEAYRleld'e AS¥  AHBRISALRYSHR fHeers)/Biitn g biolidiosorsanveatede (i) a pair
of 25 pressure seasarss3®2G that measure the pressure near the pad outlets 278A, the scavenge inlet

266 and the pad inlets g8 Ry iuhSERSRIASRAH HighaaasuesBefiom (9 he pag uilets 2764,

and/or (iii) a temggrat%re s%nso_r 3921 that measures the temperature o he mmersmﬂ fluid 248
delivered to the pad outlets s 7R SFREthBhish 5k ti8s@ecrliriedotrG ssd2theanieriomansferred to
the 30 conti§ sysawiueststhbthe sysemroFsybienitedrsenatppioptiaialyradisishthedtag isomponents

of the injector/sCauaRBERDHERF REP4A AASIPIRG AP BIECSLIREIRG! IS HBULANYRT ressyre of the

immersion fluid %let%odim Irtfl'(\ﬁuE%Q}(—:érré%[ﬁ%t%a%)riengation of the components of the injector/scavenge
source 260 can be varied. Further one of more-6t the CRRPERLARTMAS Ped Mlsk24884/and/or some
of the componertSi@ternd ipReaveagrd frepathplesavensdotel 286 ehg ssoudt ea60/4aarnclude
multiple 5 pumpsxanuitiflehectsrvais ciRREFHIR S PBRNIARSBLPHEr SABRANGIES Margaver, the
environmenigl sygiem;26,an i%glljsjdeognuIgg&éghectgg/&tg)?(}/rgg‘%?ySObJB:F_S %65 liters/min.ute.
However, other first and second rates can be utilized.
it should be noted that the rates at which the immersion fluid 248 is
pumped into and out of the chamber 263 can be adjusted to () controt the leakage
of the immersion fluid 248 below the fiuid barrier, (i) controf the leakage of the
20 immersion fluid 248 from the wafer gap 285 when the wafer 30 is off-center from
the oplical assembly 16, and/or (i) control the temperature and purity of the
immersion fluid 248 in the gap 246. For example, the rates can be increased in
; the event the wafer 30 is off-center, the temperature of the immersion fluid 248
) becomes too high and/or there is an unacceptable percentage of contaminants in
25  the immersion fluid 248 in the gap 246.
The type of immersion fluid 248 can be varied to suit the design
requirements of the apparatus 10. In one embodiment, the immersion fluid 248 is
water. Alternatively, for example, the immersion fluid 248 can be a fluorocarbon
fluid, Fomblin cil, a hydrocarbon oil, or another type of oil. More generally, the
30  fluid should satisfy certain conditions: 1} it must be relatively transparent to the
exposure radiation; 2) its refractive index must be comparable to that of the last
optical element 2628; 3) it should not react chemically with components of the

exposure system 10 with which it comes into contact; 4) it must be homogeneous;
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The rate at which the immersion fluid 248 is pumped into and out of the chamber 263 (illustrated in
Figure 28) can be adjusted to suit the design 10 requirements of the system. Further, the rate at which
the immersion fluid 248 is scavenged from the pad inlets 2788 and the scavenge inlets 286 can vary.
In one embodiment, the immersion fluid 248 is scavenged from the pad inlets 2788 at a first rate and is
scavenged from the scavenge inlets 286 at a second rate. As an example, the first rate can be
between approximately 0.1- 5 liters/minute and, the 15 second rate can be between approximately
0.01- 0.5 liters/minute. However, other first and second rates can be utilized. It should be noted

thdat thedrate(S) at %ehéhﬁflmf&@w@ﬁwmwl&p@ﬁangﬁé i%te@mi ﬁhlﬁﬁf}&lﬂﬁé?mmiﬁ%h@@? ga? Ee
adjusted to (i) cont eaka e immersion flu arrie control the
leakage of the 20?&'”%&%%‘%%@2&9 fom %St%a@? 0ap tQBté) e \l/[Iv::l1 arsy #5695% :center from the
optical assembly 16, anﬂl@:re|6Pc@ﬂ1ﬁﬁl*ih@fm¢ﬁp@m9fea&mﬂmmw @Wﬂterrﬁméﬁﬁmﬂmd %8 in the
gap 246. For exam@ba%ramcmaﬂxmp&w%m@ exeatthernafer %ia@%@emgé 4he

temperatu.re theZrE[Feersﬁu%)]nrtﬁ;c :Ijoﬁdrf?%ezjﬁ}%s OOh'rg%% /or there Is nunac:felpﬁa » ercentage

of contaminarits in In the gap The 8t type of Immersion 48 can be
varied to suit the Gé@@ﬁ’%@fﬂﬁeﬁ%ﬂ@@'@ﬁﬁhe%ﬁ&?ﬁ@u@%ﬁn 8hé diwpbaiadern théaimeiRion fluid

248 is water. Alteppativgly, fiar examaigdiiemininarsioadiichaddcamnbe adbaogatbessiieigh Fomblin
oil, ahydrocarbon oil or anothert § 191 S|I 4%3{ ner é/s;ﬁjaﬂe%o f{qme%o%ggl e&gfxﬁ%r?gn
a

conditions: 1) it mMuat Ba TSlatvaly fanaparent to he expbsure radiation: 2 1S refractive index must be
comparable to théﬁ‘%f‘fﬁ@‘?ﬂﬂf‘%‘ﬁtlé@’@?elﬁ‘%ﬁ'ﬁ 263823 MOsFERE bt cﬂ%‘?‘ﬁicél@ it 8mponents
of the expostge sysiemudidatiih withcthe ogstes/inaecgiaaiie260ISTIDeti0MIOgEFigows 2B).

42 With this design, the immersion fluid 248 that escapes in the frame gap 284 can
- be scavenged by the injector/scavenge source 260. .In this embodiment, the
bottom side 4708 of the containment frame 464 includes two scavenge inlets
4886A that are each substanfially annular groove shaped and are substantially
15 concentric with the optical assembly 16.

With this design, the injector/scavenge source 260 applies a vacuum or
partial vacuum on the scavenge inlets 486A. The partial vacuum draws the
immersion fluid 248 between a small land area 488 on the boftom side 470B and
the wafer 30 and/or the device stage 42. In this embodiment, the majority of the

20 immersion fluid 248 flows under the land 488 and info the inner scavenge inlet
486A. Additionally, the immersion fluid 248 not removed at the inner scavenge
inlet 486A is drawn info the outer scavenge inlet 486A.

Figure 4B is an enlarged view of a portion of another embodimant of the
fluid barrier 4548, a portion of the wafer 30, and a portion of the device stage 42.

25 In this emboadiment, the fluid barrier 454B is somewhat similar to the
corresponding component described above and illustrated in Figure 2D.
However, in this embodiment, the containment frame 4648 includes one bearing
outiet 4908 and two scavenge inlets 486B that are positioned at the bottom side
4708B. The scavenge inlets 486B are in fluid communication with the

30 injector/scavenge source 260 (iflustrated in Figure 2B) and the bearing outlet
4908 is in fluid communication with the bearing fluid source 290C (illustrated in
Figure 2D). However, in this embodiment, the bearing outlet 4208 is positioned
within and concentric with the scavenge inlets 486B. Stated another way, the

bearing outlet 4908 has a smailer diameter than the scavenge inlets 4868 and the
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and 5) its viscosity should be low enough to avoid transmitting vibrations of a significant magnitude
from the stage system to the last optical element 262B. Figure 4A is an enlarged view of a portion
of another embodiment of the fluid barrier 454A, a portion of the wafer 30, and a portion of the device
stage 42. 5 In this embodiment, the fluid barrier 454A is somewhat similar to the corresponding
component described above and illustrated in Figure 2D. However, in this embodiment, the
containment frame 464A includes two concentric, scavenge inlets 486A that are positioned at the
bottom side 4703 of the containment frame 464A. The two scavenge inlets 486A are in fluid 10

communication with, the '6&9&!%@@8%%19&%?'9}1{9@ 3@%'&@@%@@ I%EM%SQCW&%HW&@SIQH the

immersion fluid 248 that escapes.in 84 can be sciven gﬁ\h e injector/scavenge
iy

source 260. In thi8RbéHHhEN fWet 8t gsﬁd ﬁ'f’@?%gcﬁlé’go% dubg4frldes two
scavenge inlets. 486 Aslzaliquid tatlis dhbstameatycampalsitiorcovthslimpedsiod fuie 3dbstafitially 15

concentric with thﬁ:@@@@@haﬁﬁ%@a%&%d 2WWENARIR. 4oy AR BUREIURCALRBAS A 6%:260 applies
a vacuum or partjal vaczum on the Sg%;}/,%ﬁ]e inlets 486A. Th?ﬁ?artgi% vacuum draws the immersion

fluid 248 bet eer%?%tﬁ{ SF RS 2R Y W\ae DREATLIEE Y the wafer 30 and/or the device
stage 4Z In this embodfrigerg, 4heinfijcritipaltheio ofimesigrikiidRdBdtowmsbadtiesrthel yed 488 and

into the inner scaa(ﬁ@ﬁa&af&eaé%kaﬁaﬂiwlﬁhe%wwramnaﬂyidt%%ﬁmé%wy@&adébé inner
scavenge inlet 4§6At|s dra n(ptot 9}? (r]Jscaave e inl 41@ \%Hr(? 48 |sﬁan enlg‘ged view of
e flui

a portion of another embog‘menr{‘o? h Barriar 48.7a por the War&l and a portion of
the device stage @¥22BIRdhG aribpeneientdenerherd oM 4888 @W@Whm sirigtae t2the

corresponditg cofapenenttlassripashbainee, and dinsdiateshiriiige 19630, ihlwresnindiasiqmbodiment,
the. PO”ta'”me”tib EB%%%H“%M 9&%9%‘?\”&949%‘3 %g%%épaélﬁ% {:"M PERURNISIE 4863 that are

positioned at the bottom side 4708 e scaven% inlets 4 are |n communlcatlon with the 30

injector/scavengéd &irce B0 ﬁﬁﬁ%ﬁ%d‘ﬁﬁ?g 93)3Rd itheMishriRyBRicaG inhigiad
communication vinfadthe'dvaasimg: fkidrseuree 200 fikdsiratcid«dre FgriraO )thid dyeaveas, vutleis

embodiment, the,ggariad Hie! ARAASARHANRY UHOARG FARCEBIGVISHE RASRUROR, nlets 4363

Stated another way, the bearing outlet 4908 has a smaller diameter than the scavenge inlets 486B and

the bearing But&tHEBSHY: clgg&feﬁﬁh@ SYfcHraedmaBly 8 hirattdeeLlal 8RS 1HIBRSHYRAS. Further,
with this design, tleéveearthg fluid 2860 4# irdelatd860. Figated2Diotizar bay foaitnhasistegsame in

composition as thgamarsian Huiehis. dditeibisidesian. 1hshgasing flushd%Me mdhadmye gap 284
can be scaveng%cil“l@{ %%C has a smaller diameter than the outer scavenge inlet 486C. With this
design, the inner scavenge inlet 486C is closer {o the optical assembly 16 than the
20  bearing outlet 490C.
it should be noted that in each emboAdiment, additional scavenge inlets and
addition bearing outlets can be added as necessary.
Figure 5A is a cut-away view of a portion of another embodiment of the
exposure apparatus 510, including the optical assembly 516, the device stage
25 542, and the environmental system 526 that are similar to the comesponding
components described above. Figure 5A also illusirates the wafer 30, the gap
846, and that the immersion fluid 548 fills the gap 546. Figure 5B illustrates an
enlarged portion of the Figure 5A taken on line 5B-5B.
However, in the embodiment ilustrated in Figures 5A and 5B, the fluid
30 barrier 554 includes an inner barrier 555 in addition to the containment frame 564,
the seal 566, and the frame support 568. In this embodiment, the inner bartier
555 is annular ring shaped, encircles the bottom of the optical assembly 516, is
concentric with the optical assembly 516, and is posifioned within the containment

frame 564 adjacent to the seal 566.
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5 injector/scavenge source 260 via the scavenge inlets 4868. Figure 40 is an enlarged view of a
portion of another embodiment of the fluid barrier 454C, a portion of the wafer 30, and a portion of the
device stage 42. In this embodiment, the fluid barrier 4540 is somewhat similar to the corresponding
component described above and illustrated in Figure 20. 10 However, in this embodiment, the
containment frame 4640 includes one bearing outlet 4900 and two scavenge inlets 486C that are
positioned at the bottom side 470B. The scavenge inlets 486C are in fluid communication with the
injector/scavenge source 260 (illustrated in Figure 28) and the bearing outlet 4900 is in fluid

communication with the rantagflbidreues ZR0QILsEAled Ribaddguie,29)., Ir_rl]%Yé’e er,.bm §tlhis
embodiment, the ing qutlet 4900 is positioned between the two scavenge nlets . Stated
0L b8 A NS RS IS W 446 seaPPiOAAe(s500 and

another way, the inner scavenge in
the bearing outlet #YBRIREh 5T EF dianticinghtine theavengingcaxpigminet 4666 JMtadgis design,

the inner scavengmiistte 54868913 glgseéagctjﬂ@ Qfgi?@él@a?ﬁ?mhﬁé mpfm earing outlet 4900.
It should be ngtedgg@&gb%c n%%b\ggljép rgtisad‘gitional scavenge ?nilets a@d%agézjﬁ?%nt@%grﬁ%outlets
igu IS

can be added as necessary igure CCRUFI PRI e v TRe ehidemtiment of

the exposure appBPAtSRE Aneladnty awésisistital Asdernblgistentieueviee stage 2%GA3hand the

environmental systesiyd 264 aicigsimiaciadnecoressending @M%%Wﬁqﬂgﬁa}t} ye. Figure
p

SA also illustrates;fhg WAl and that the | rsion fluid 548 fills the gap 546_ Figure
53 illustrates an eﬁl%rgid pgrtigéh(‘%‘%fgﬁgﬁdrrg etﬁ%%ﬁ%?ﬁlgﬁgsé‘%’.%ﬂw&é?ﬂr‘f‘?ﬁ@"éfﬁﬂodiment
illustrated in Figufe“sA*8 A BBINRIRiAt BasichssevRLRidés derimidhdanrier B5Gien gglition to the
containmenttframer&Bareheuseed 568pdnthdhadrampctieP At §&S8 inlminisaMiRAiBAGNLhe inner barrier

5554is annular ring ghaRehLAcksIes he,b he optical assembly 516, is caoncentric with the
optical assembly 516 laggds %osi_tioned Wiﬁﬁ?ﬁﬁ%‘irﬁﬁﬁgrﬁﬁt?ﬁmg@% gdﬁ%e‘?{t foeriensgal see.
er

The inner barrier %qolgégan e RIELBY 1B RIERRUTR ARt M S APIEE Latder 185 reamaimit the
amount of immer8i&A flufbis a8 etongingttostvtacontaionesideanaats, saskisinshthe SeRLERTING

requirements at thy Beaxengs etk AR eysIGH e ﬁ@@%?gﬁfgmmgésion fluid 548 into the
wafer 5 gap,285 Mﬁ;q the yafer 30 is off-center from the optical assembly 516 andNiRG Bartly within
and partly outside t e‘?l!uig Containmant PARTEUY PayRtYSlRltRICTESEh, thdditimmayedhien/scavenge
pads 558 can be'GSEY B REPEH IR estTgforitgrOf the ietlmardiom fleichibd8:tropy thejobmmgbeaio63.

Additionally, if thévisterslisionfltid Serisaaintained @a@én%@st_e%exsi@;ﬂa&%?& @aeainﬂer barrier
n

. L e . : 1
555, 10 pressuresHrg@saesariaigd,yith injection of the immersion fluid 548 can be reduced, because
excess immersion fluid. 548 overflows the. tolﬁ'%?])t%lg IS HSF Y ieE tonsigmdesremtidhRbSsure head.

Some pressure SIPGEYIME] SR dMAEHTTRr HRE sitnamiomsivasisnifoast feitimigttdiftschbese effects
can be redd@fed bitinceasiigihedistasgesiV.shoud st BeB6R! SHPRIPISILadmmersion
the top of the wafer 30 or the device stage 42.
| Figure 6 is a perspective view of one embodiment of a device stage 642
. with a wafer 630 positioned above the device stage 642. In this embodiment, the
' device stage 642 includes a device table 650, a device holder 652, a guard 654,
25 and a guard mover assembly 656. In this embodiment, the device table 650 is
generally rectangular plate shaped. The device holder 652 retains the wafer 630.
in this embodiment, the device holder 652 is a chuck or another type of clamp that
is secured to the device table 650. The guard 654 surrounds and/or encircles the
wafer 630. In one embodiment, the guard 654 is generally rectangular plate
30 shaped and includes a circular shaped aperture 658 for receiving the wafer 630.
In one embodiment, the guard 654 can include a first section 660 and a

second section 662. One or more of the sections 660, 662 can be moved
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15 fluid is water, W should preferably be several mm or more. Additionally, the remaining pressure
surge can be reduced or eliminated by adjusting the "wettability" of the surfaces of inner barrier 555
and optical assembly 516 in contact with the immersion fluid 548 to reduce surface tension forces. In
one embodiment, the inner barrier 555 can maintain a significant fluid height difference 20 with a gap
of approximately 50 pm between the bottom of the inner barrier 55 and the top of the wafer 30 or the
device stage 42. Figure 6 is a perspective view of one embodiment of a device stage 642 with a
wafer 630 positioned above the device stage 642. In this embodiment, the device stage 642 includes a

device table 650,rglaMaePlkeELA20paAld Sad, 2808 BravAIthIEraRSEMPH ORGP this

embodiment, thet.% vice table 650 is generally rectangular plate shaped. The device holder 652 retains
the wafer 630. Inthis embodiment, the device holder 652 is a chuck or another type of clamp that is
secured to the device tdblke 8509 THVELRASEEBAY Sifitcrantscaribifogendiffiddatibaviheré 8dhién one

embodiment, the@@&ix@%@e@%ﬂﬂ@ﬂ%ﬂ’@ﬁ%&ﬂglﬂ%r@@&%@h@@&dtﬁ@@Md@é}@@ﬁ:% shaped

aperture 658 for receiving the r63 . In.on me uarg 654 can include a first
section 660 gfnd ge secoﬁ%@ec&%ﬁe CPtH% of or§30 thejgsectlons %’ THBY AR Y&, removed

or recessed to prfig@iEKOECERsERYEIBEIINgarbfepaolingtisctopafdpgBguiface THRO giidid mover
assembly 656 sequirs 83e gyaishEhdniatihe sleisestahle BAkigndJnane e dipasiiensdbgiguard 654

relative to the deXlr?’l%iE%% 865T0mthea§ed g@eéj(o dgﬁ]%% and th Wafer 3%\[\8/\‘[%% stQ 8%’8’ ér;%% the

guard mover asse can move t e guar ttﬂe tof)) {age surface guard

654 is apprOX|mW&tt%WE%@&?h@WWQW SgRdeamrodnaiearer 630.
Stated anotter why stragplard: moirer kasendxyosbé sudues #1e.gners 5diandhal the davice exposed

surface 680 is a[@%rtpégn%tgh%géuoté%ﬁg{q& RaReas g Qﬁ&ﬁ%n@‘ﬁ’& R&i, surface 679. As a result

thereof, the guard 654 can be moved to adjust for wafers 630 of alternative heigh The design of

the guard mover assemBfy €981 the QHﬁE{f"P&?fe%ﬁﬁ?fBFeytﬁ%Gg‘iﬂrB‘?ﬂévgfia RNB%6 can
include one or nﬁ)ﬁegunaiymnm@ommm(ﬁﬁﬁm&or&}dnlmanmoﬁmns;eieﬁmm&gnetlcmmbrs and/or

some other type a&fw&%@&%ﬂ%;&m&m@&dgz@%meaaaadsmﬁg%&mﬁm fr&moves and

positions th1e guarczLf 4 along the Z axjs, aboutt e X axis and about the Y axis under the control of the

CHifSPate i ER FRPHR LN LT B PTHINEPRE AT BYP AR Yo measure

control syste Zﬂ
the relative heiglvesbiretgaareprsdi G680 Heddixinadbpubiheuifacd 670 abrmibtiohdrdem the

sensor 681 can aﬂd@e tﬁ@r&taffadofqﬁae&ﬂw@ym %ﬂﬁﬂw&r@tﬁdfi@JFégweA)sM%hmeS

information from("ﬁ‘ str tassezq hS ?81 ¢ Contr%l {Q %%B?e”lﬁé’% Ne nghq)s of the guard

surface 680 and the wafer top suiface 679. Information from the sensor 681 can

20 be transferred to the control system 24 (illustrated in Figure 1) which uses
information from the height sensor 681 to control the guard mover assembly 656.

Figure 7A is a perspective view of another embodiment of a device stage

742 with a wafer 730 positioned above the device stage 742. Figure 7B is a cut-

away view faken from Figure 7A. In this embodiment, the device stage 742

25 includes a device table 7560, a device holder 752, a guard 754, and a holder mover

assembly 756. In this embodiment, the device table 750 is generally rectangular

plate shaped. The device holder 752 retains the wafer 730. The guard 754 is

generally rectangular plate shaped and includes a circular shaped aperture 758

for the wafer 730. In this embodiment, the guard 754 is fixedly secured to the

30 device table 750. The holder mover assembly 756 secures the device holder 752

to the device table 750 and moves and positions the device holder 752 relative to

the device table 750 and the guard 754. With this design, the holder mover

assembly 756 can move the device holder 752 and the wafer 730 so that the top

stage surface 780 of the guard 754 is approximately at the same Z height as the
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Figure 7A is a perspective view of another embodiment of a device stage 742 with a wafer 730
positioned above the device stage 742. Figure 78 is a cutaway view taken from Figure 7A, In this
embodiment, the device stage 742 25 includes a device table 750, a device holder 752, a guard 754,
and a holder mover assembly 756. In this embodiment, the device table 750 is generally rectangular
plate shaped. The device holder 752 retains the wafer 730. The guard 754 is generally rectangular
plate shaped and includes a circular shaped aperture 758 for the wafer 730. In this embodiment, the
guard 754 is fixedly secured to the 30 device table 750. The holder mover assembly 756 secures the

device holder 752 topthiesdeipgtabie sibaendrmeyasansrRosiiona thasevice haldeL 72 ¢lative to
the device table 7 : ith this, design, the holder mgyer assembly 756 can move

the device holder 752 and the wafer 730 so that the top s aag SEE
approximately at tFERERIESHTRIGIHY Es tHee ibfmeatier ExpobedensricesT tgotheanaferdiBO. A sensor

781 can be used t&memeshﬂmaleﬂmeilh@gﬁn@dofqtlmm@ IRgaisNIfacs ?ﬁ@,ﬂ%gnqrgﬁp ﬁl‘%vice

exposed surfage HR,rkhe nfermationframthgsensor 781 can be transferred to the control system 24
(illustrated in Figure %) which uses informationfa rom the gsﬁ%?é lys?estrﬁgSor to control the holder mover

assembly 756. For examie SR RE s iRIdr aarbRs7EBRIAT Hfcioate onkidr orererotang: motors,
voice coil motors, iitiearmettossyelecrohmagtesiciastuatetsraniéen-seme-athes R/l faige Actuators.

In one embodime@brﬁ@eaggje@gpmrf@%@gl{y {6 maves an osijtions the device holder 760 and
the wafer 730 along 10 me% 2xis, about the X axis an at%ljgtt e d&%‘sanl}h er 3\%%06&??8]’%'1" the

1 A 1
control system 24 (illGStF ite EGEN Positidisigsiayinadeiiericas eam the vafeicalediasing the
above descrilfed $j_téwdsbgbeid frocessishodmigmianally iRigntieShelagien 30hihapevice's
funetion and perfaysercechaasiesisticsigiredgsigned. Next, in step 802, a mask 15 (reticle) having a

pattern is designed accey, ing.to,t reyious designing step, and in a parallel step 803 a wafer is
made from a silicon mate%g&h%}g n%fsé%vé esrncagsfb%efaqﬂc@fgﬂ 85e dhposkerentseridamier from

step 803 in step S¥A'BY% BréislBRETapR) VR EnatelbibEYherihabiovedn a0tatdatisewith the
present inventionfUmﬁtepaaﬂ_ﬁéhhrﬁﬁn@aQ&lﬁtﬂéMﬁr'j@@&E@B!?ﬂlé%ﬁH@@% gibthe dliging process,
bonding progess pBRRAHAMIBIPRARERTh:allyr e Jevige s inepinspected n steg BUG.
and in a pacallel step 803 a wafer is made from a silicon material. The mask
pattern designed in step 802 is exposed onto the wafer from step 803 in step 804
by a photolithography system described hereinabove in accordance with the
present invention. In step 805 the semiconductor device is assembled (including

20 the dicing process, bonding process and packaging process), finally, the device is
then inspected in step 806. '

Figure 8B illustrates a detailed flowchart example of the above-mentioned
step 804 in the case of fabricating semiconductor devices. In Figure 8B, in step
811 (oxidation step), the wafer surface is oxidized. In step 812 (CVD step), an

25  insulation film is formed on the wafer surface. In step 813 (electrode formation
step), electrodes are formed on the wafer by vapor deposition. In step 814 (ion
implantation step), ions are implanted in the wafer. The above mentioned steps
811 - 814 form the preprocessing steps for wafers during wafer processing, and
selection is made at each step according to processing requirements.

30 At each stage of wafer processing, when the above-mentioned
preprocessing steps have been completed, the following post-processing steps
are impleraented. During post-processing, first, in sten 815 (photoresist formation
step), photoresist is applied to a wafer. Next, in step 816 (exposure step), the

above-mentioned exposure device is used to transfer the circuit pattern of a mask
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Figure 8B illustrates a detailed flowchart example of the above-mentioned step 804 in the case of
fabricating semiconductor devices. In Figure 813, in step 811 (oxidation step), the wafer surface is
oxidized. In step 812 (CVD step), an 25 insulation film is formed on the wafer surface. In step 813
(electrode formation step), electrodes are formed on the wafer by vapor deposition. In step 814 (ion
implantation step), ions are implanted in the wafer. The above mentioned steps 811 - 814 form the
preprocessing steps for wafers during wafer processing, and selection is made at each step according
to processing requirements. 30 At each stage of wafer processing, when the above-mentioned

preprocessing step&ﬁb@égq@@gwé}@mpﬁ{gg,;;hgtgﬂIgngg%‘?g-ﬁﬁgc%ﬁwg@%gggdru&%m%nted.
During post-proce sing, flerézt,alnds%e%tgl%g%h?tore&st forgatlon step),\s%t:gotore‘sst IS applled to a wafer.
Next, in step 816 {ﬁexposouré 850} METABOVE FEHAY Rt b B L P HE VRS iehihalahpinisritthe circuit
pattern of a mask ({eReRs toadenglictTrseh metep®idd developing steplidhesespesrtbiuatar is
developed, and insip 1 &kplchinasiemanaihalies lram eniinl A ieRin, (R pRsed materia

0

surface) are remoyged.by etching. In step 819 (photoresist removal step), unnecessary photoresist
remaining afte§r et%ﬁji%'é)' %scfg:r[#gegé?rgﬁ\%ﬁip% ﬁ‘gé?f pHiriRg 8&%&%99%%%%&9 PesEse

preprocessing an8'PEREHIBEERsINg steps.  While the exposure apparatus 10 as shown and
disclosed herein is fully wapehie ehpuiding fieAdy aniages Bere ihaefigostatec 4is tohg,

understood that itd'g @}ﬁée&ﬁl tive of the presently preferred embodiments of the invention 10 and
that no limitations are inten e%ét}(g%tée é%taégl Sa%ia er?s%%ﬁ’org}eﬁrge% A &S ARG SR Man as

described in the dppthiidBpiilystativambhe nrassoly ipnefrsrsibenitedirapts/ dpaimtestimwhich a

wafer is exptGed ahrotghre lignlistiona sparRatIdarna 1RO SR HFUERARTTNISINGssign RAANtAINMent

mernber providedsgagh Hﬂ%@%ﬁ%@@é@%’éw{ﬂg%é%ﬁ%% S:ie space under the lens; and a seal
nt

member provided between the lens and the contain member, wherein: the containment member
has a first fluid inlet, and
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the first fluid inlet removes fluid from a gap between the containment member and the wafer during the
exposure.. 2. The system according to claim 1, wherein the vacuum is applied to the first fluid inlet. 3.
The system according to claim 1, wherein the containment member defines a part of a boundary of the
space under the lens. 4. The system according to claim 1, wherein the containment member comes
into contact with the liquid in the space. 5. Thegyggpusaccording to claim 1, wherein the containment
member has a lower surface, and wherein during the exposure, the wafer faces the lower surface of
the containment member and the first fluid inlet removes the fluid between the lower surface of the

containment meigpgriaiddhgomaigiopaphe app@massardinigroacleirepisvdaieethenfissigivigl inlet is
located in the lower surface of the containment member. 7, The system according to claim 6, wherein

the first HAYIR I8 FroRARESUDGRE SIS RSrriiae) SHIIRMSRREIRIIFASe of the containment member. 8. The
system according tegHeimrhewheneinibercasiaiiaantsnemberas Rrevidasheaipindat dwdngoibe

exposure, a distance between the lower surface and the wafer is smaller than a distance between the

lens and tHIWHIER 188 PREK LRACLIRIANT B'Elaim 5, wherein the containment member has an

inner side surfageswhichdmpeppesddasbéhablictimpiidmauacataiawess theribage under the
lens, the inner side surface extending upwardly from the lower surface, and during the exposure, the

inner side surfal®'€6lfing into contact with the liquid in the space. 10. The system according to claim
5, wherein the s¢al copnaliehisndisrospdraheye etawiariflefagad 11. The system according to claim

10, wherein the seal. member seal the space. . 12. The system according to claim 1, wherein a fluid
poaning ie formdG R G do LRGN s G oM 3 37 Be STl S ET TS Mb e e
liquid flowing thedgatbeduring the exposure..

2. The system according to claim 1, wherein the vacuum is applied to the first fluid

inlet.

3. The system according to claim 1, wherein the containment member defines a part

of a boundary of the space under the lens.

4. The system according to claim 1, wherein the containment member comes into

contact with the liquid in the space.

5. The system according to claim 1, wherein the containment member has a lower
surface, and wherein during the exposure, the wafer faces the lower surface of the
containment member and the first fluid inlet removes the fluid between the lower

surface of the containment member and the wafer.

6. The system according to claim 5, wherein the first fluid inlet is located in the

lower surface of the containment member.

7. The system according to claim 6, wherein the first fluid inlet includes a groove

formed in the lower surface of the containment member.
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containment member creates the fluid bearing. 14. The system according to claim 12, wherein the
fluid bearing includes a gas bearing. 15. The system according to claim 14, wherein the gas bearing
supports the weight of the containment member. 16. The system according to claim 1, wherein the
containment member has a gas supply outlet that supplies a gas to between the containment member

and the vgafer iglsirdgattin exeerdiiey tb/ cibilf $ySitiereaeardndiadlane Abmuheseinishpreariedpply
outlet is located farther away from the space than the first fluid inlet is. 18. The system according to

claim 16 SHRREAAYHAG I FRBIDPIR YILBERHEVRRA HFJOWRESHERTRRRHENG. WRdeHiSe

system aggPERgHAcR N shssgiR EreteentisarattRrewdrer has a second fluid inlet that is located
farther away from the space than the gas supply outlet is and that removes fluid between the

containment member and the wafer during the exposure. 20. The system according to claim 1,

wherein the ¢ﬁ@t%'5v§’f@ﬁta‘6@mbﬁ-‘fd1ﬂﬁ(ﬂ&ﬁﬁﬁ%d«ﬂéi@iﬂ'ﬁéhﬁﬂﬁ&iﬁﬁ@éﬁﬂ fAchdeaway A space
than the first fluid inlet is and, that removes fluid between the containment member and the wafer

during th&' @kpBEiRES WIS JEaiat oGt WSiMNRY, AR RN AtE MATOHANRLRGRPRGRID. 22.

The systeimdeeceigingt) elrinhadr whttrednite sesaaddinig ipeidemonesthididoiderosueaseed from
the first fluid Qﬁt. 23. The sistem according to claim 21, wherein,the second fILIJtiF ‘iﬁle removed the

liquid whAFASARNG e MESHHE: ANRI TG SH%€ PHEGRENTURE SHhEABIRELINMY TRIMHAHR fluid

includes the Hgeisk. 25. A liquid immersion lithography method comprising: containing a liquid in a
space under a lens using a containment member and a seal member being disposed between the lens
and the containment member;

10. The system according to claim 5, wherein the seal member is disposed above

the lower surface.
11. The system according to claim 10, wherein the seal member seal the space.

12. The system according to claim 1, wherein a fluid bearing is formed under the

containment member.

13. The system according to claim 12, wherein the liquid flowing under the

containment member creates the fluid bearing.

14. The system according to claim 12, wherein the fluid bearing includes a gas

bearing.

15. The system according to claim 14, wherein the gas bearing supports the weight

of the containment member.
16. The system according to claim 1, wherein the containment member has a gas
supply outlet that supplies a gas to between the containment member and the wafer

during the exposure.

17. The system according to claim 16, wherein the gas supply outlet is located

farther away from the space than the first fluid inlet is.
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exposing a wafer through the liquid contained in the space under the lens; and removing fluid via
a first fluid inlet of the containment member from a gap between the containment member and the
wafer. 26. The method according to claim 25, wherein vacuum is applied to the first fluid inlet. 27.
The method according to claim 25, wherein a fluid bearing is formed under the containment member.

28. The mgthqthacseidingdecdrimd o Whgieinehg tiarithflo\ying ldherepnipiamastsngpnper
creates the fluid bearing. 29. The method according to claim 27, wherein the fluid bearing includes a
gas bearfy'e8HERRRRIMES I 10 claim 25, further comprising supplying a gas via a gas

supply outlet of the containment member to between the containment member and the wafer. 31. The
method according to claim 30, wherein the gas s&lﬁzply outlet is located farther away from the space

than the At fIGRFIMYEIEM3CHERNRtHY F 2o ring BB 186, FHIANIMAR GREDRIBATA the gas
supply owéeidnelsuia eeRainAbeslititdiedFafihe maiRad eeOtHn G i cIMaBOITEIges cUpPRSing

removing fluid via a second fluid inlet of the containment member from between the containment
member QHHEhESWAEr NABAEMBYES JEIHARRANERIEIRE S G IR BREVPFO A B an the

gas supphiuadgehis exddosiire. method according to claim 25, further comprising removing fluid via a
second fluid inlet of the containment member from between the containment member and the
wafer,wherein the second fluid inlet is located farther away from the

20. The system according to claim 1, wherein the containment member has a
second fluid inlet that is located farther away from the space than the first fluid inlet is
and that removes fluid between the containment member and the wafer during the

exposure.
21. The system according to claim 19, wherein the fluid includes the liquid.

22. The system according to claim 21, wherein the second fluid inlet removes the

liquid not removed from the first fluid inlet.

23. The system according to claim 21, wherein the second fluid inlet removed the
liquid which leaks beyond the first fluid inlet.

24. The system according to claim 1, wherein the fluid includes the liquid.

25. A liquid immersion lithography method comprising:

containing a liquid in a space under a lens using a containment member and a
seal member being disposed between the lens and the containment member;

exposing a wafer through the liquid contained in the space under the lens;
and

removing fluid via a first fluid inlet of the containment member from a gap

between the containment member and the wafer.

26. The method according to claim 25, wherein vacuum is applied to the first fluid

inlet.
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space than the first fluid outlet is. 35. The method according to claim 33, wherein the fluid includes the
liquid. 36. The method according to claim 35, wherein the liquid not removed from the first fluid inlet is
removed from the second fluid inlet. 37. The method according to claim 35, wherein the liquid which
leaks beyond the first fluid inlet is removed from the second fluid inlet. 38. The method according to

claim 25ayhereja thetfod BrdbrBRdN® ligaigh 25, wherein a fluid bearing is formed under the

containment member.

28. The method according to claim 27, wherein the liquid flowing under the

containment member creates the fluid bearing.

29. The method according to claim 27, wherein the fluid bearing includes a gas
bearing.

30. The method according to claim 25, further comprising supplying a gas via a gas
supply outlet of the containment member to between the containment member and

the wafer.

31. The method according to claim 30, wherein the gas supply outlet is located

farther away from the space than the first fluid inlet is.

32. The method according to claim 30, wherein the gas supplied via the gas supply

outlet helps to contain the liquid.

33. The method according to claim 30, further comprising removing fluid via a
second fluid inlet of the containment member from between the containment member
and the wafer, wherein the second fluid inlet is located farther away from the

space than the gas supply outlet is.

34. The method according to claim 25, further comprising removing fluid via a
second fluid inlet of the containment member from between the containment member
and the wafer, wherein the second fluid inlet is located farther away from the
space than the first fluid outlet is.

35. The method according to claim 33, wherein the fluid includes the liquid.

36. The method according to claim 35, wherein the liquid not removed from the first

fluid inlet is removed from the second fluid inlet.
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37. The method according to claim 35, wherein the liquid which leaks beyond the

first fluid inlet is removed from the second fluid inlet.

38. The method according to claim 25, wherein the fluid includes the liquid.
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