
US 20060033899A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0033899 A1 

Hazelton et al. (43) Pub. Date: Feb. 16, 2006 

(54) ENVIRONMENTAL SYSTEM INCLUDING 
VACUUM SCAVENGE FOR AN IMMERSION 
LITHOGRAPHY APPARATUS 

(75) 

(73) 

(21) 

(22) 

(60) 

Inventors: Andrew J. Hazelton, Tokyo (JP); 
Michael Sogard, Menlo Park, CA (US) 

Correspondence Address: 
OLIFF & BERRIDGE, PLC 
PO. BOX 19928 
ALEXANDRIA, VA 22320 (US) 

Assignee: NIKON CORPORATION, TOKYO 
(J P) 

Appl. No.: 

Filed: 

11/253,597 

Oct. 20, 2005 

Related US. Application Data 

Division of application No. 11/237,799, ?led on Sep. 
29, 2005, Which is a continuation of application No. 
PCT/IB04/02704, ?led on Mar. 29, 2004. 

(60) Provisional application No. 60/462,112, ?led on Apr. 
10, 2003. Provisional application No. 60/484,476, 
?led on Jul. 1, 2003. 

Publication Classi?cation 

(51) Int. Cl. 
G03B 27/42 (2006.01) 

(52) US. Cl. .............................................................. .. 355/53 

(57) ABSTRACT 

An environmental system controls an environment in a gap 
betWeen an optical assembly and a device and includes a 
?uid barrier and an immersion ?uid system. The ?uid barrier 
is positioned near the device. The immersion ?uid system 
delivers an immersion ?uid that ?lls the gap and collects the 
immersion ?uid that is directly betWeen the ?uid barrier and 
the device. The ?uid barrier can include a scavenge inlet that 
is positioned near the device, and the immersion ?uid system 
can include a low pressure source that is in ?uid commu 
nication With the scavenge inlet. The ?uid barrier con?nes 
any vapor of the immersion ?uid and prevents it from 
perturbing a measurement system. Additionally, the envi 
ronmental system can include a bearing ?uid source that 
directs a bearing ?uid betWeen the ?uid barrier and the 
device to support the ?uid barrier relative to the device. 
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ENVIRONMENTAL SYSTEM INCLUDING 
VACUUM SCAVENGE FOR AN IMMERSION 

LITHOGRAPHY APPARATUS 

RELATED APPLICATION 

[0001] This is a Divisional of application Ser. No. 11/237, 
799 ?led Sep. 29, 2005, Which in turn is a Continuation of 
International Application No. PCT/IB2004/002704 ?led 
Mar. 29, 2004, Which claims the bene?t of US. Provisional 
Patent Application No. 60/462,112 ?led on Apr. 10, 2003 
and US. Provisional Patent Application No. 60/484,476 
?led on Jul. 1, 2003. The disclosures of these applications 
are incorporated herein by reference in their entireties. 

BACKGROUND 

[0002] Lithography exposure apparatus 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 that positions a semiconductor Wafer, 
and a measurement system that precisely monitors the 
position of the reticle and the Wafer. 

[0003] Immersion lithography systems utiliZe a layer of 
immersion ?uid that completely ?lls 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 ?uid aWay from the gap. This immer 
sion ?uid that escapes from the gap can interfere With the 
operation of other components of the lithography system. 
For example, the immersion ?uid and its vapor can interfere 
With the measurement system that monitors the position of 
the Wafer. 

SUMMARY 

[0004] The invention is directed to an environmental sys 
tem for controlling an environment in a gap betWeen an 
optical assembly and a device that is retained by a device 
stage. The environmental system includes a ?uid barrier and 
an immersion ?uid system. The ?uid barrier is positioned 
near the device and encircles the gap. The immersion ?uid 
system delivers an immersion ?uid that ?lls the gap. 

[0005] In one embodiment, the immersion ?uid system 
collects the immersion ?uid that is directly betWeen the ?uid 
barrier and at least one of the device and the device stage. 
In this embodiment, the ?uid barrier includes a scavenge 
inlet that is positioned near the device, and the immersion 
?uid system includes a loW pressure source that is in ?uid 
communication With the scavenge inlet. Additionally, the 
?uid barrier can con?ne and contain the immersion ?uid and 
any of the vapor from the immersion ?uid in the area near 
the gap. 

[0006] In another embodiment, the environmental system 
includes a bearing ?uid source that directs a bearing ?uid 
betWeen the ?uid barrier and the device to support the ?uid 
barrier relative to the device. In this embodiment, the ?uid 
barrier includes a bearing outlet that is positioned near the 
device. Further, the bearing outlet is in ?uid communication 
With the bearing ?uid source. 

[0007] Additionally, the environmental system can 
include a pressure equalizer that alloWs the pressure in the 
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gap to be approximately equal to the pressure outside the 
?uid barrier. In one embodiment, for example, the pressure 
equaliZer is a channel that extends through the ?uid barrier. 

[0008] Moreover, the device stage can include a stage 
surface that is in approximately the same plane as an 
exposed surface of the device. As an example, the device 
stage can include a device holder that retains the device, a 
guard that de?nes the stage surface, and a mover assembly 
that moves one of the device holder and the guard so that the 
exposed surface of the device is approximately in the same 
plane as the stage surface. In one embodiment, the mover 
assembly moves the guard relative to the device and the 
device holder. In another embodiment, the mover assembly 
moves the device holder and the device relative to the guard. 

[0009] The invention also is directed to an exposure 
apparatus, a Wafer, a 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention Will be described in conjunction With 
the folloWing draWings of exemplary embodiments in Which 
like reference numerals designate like elements, and in 
Which: 

[0011] FIG. 1 is a side illustration of an exposure appa 
ratus having features of the invention; 

[0012] FIG. 2A is a cut-aWay vieW taken on line 2A-2A 
of FIG. 1; 

[0013] FIG. 2B is a cut-aWay vieW taken on line 2B-2B of 
FIG. 2A; 

[0014] FIG. 2C is a perspective vieW of a containment 
frame having features of the invention; 

[0015] FIG. 2D is an enlarged detailed vieW taken on line 
2D-2D in FIG. 2B; 

[0016] FIG. 2E is an illustration of the portion of the 
exposure apparatus of FIG. 2A With a Wafer stage moved 
relative to an optical assembly; 

[0017] FIG. 3 is a side illustration of an injector/scavenge 
source having features of the invention; 

[0018] FIG. 4A is an enlarged detailed vieW of a portion 
of another embodiment of a ?uid barrier; 

[0019] FIG. 4B is an enlarged detailed vieW of a portion 
of another embodiment of a ?uid barrier; 

[0020] FIG. 4C is an enlarged detailed vieW of a portion 
of another embodiment of a ?uid barrier; 

[0021] FIG. 5A is a cut-aWay vieW of a portion of another 
embodiment of an exposure apparatus; 

[0022] FIG. 5B is an enlarged detailed vieW taken on line 
5B-5B in FIG. 5A; 

[0023] FIG. 6 is a perspective vieW of one embodiment of 
a device stage having features of the invention; 

[0024] FIG. 7A is a perspective vieW of another embodi 
ment of a device stage having features of the invention; 
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[0025] FIG. 7B is a cut-aWay vieW taken on line 7B-7B in 
FIG. 7A; 

[0026] FIG. 8A is a How chart that outlines a process for 
manufacturing a device in accordance With the invention; 
and 

[0027] FIG. 8B is a How chart that outlines device pro 
cessing in more detail. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0028] FIG. 1 is a schematic illustration of a precision 
assembly, namely an exposure apparatus 10 having features 
of the 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 ?uid 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. 

[0029] 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 and Y axes. 
It should be noted that these axes can also be referred to as 
the ?rst, second and third axes. 

[0030] The exposure apparatus 10 is particularly useful as 
a lithographic device that transfers a pattern (not shoWn) of 
an integrated circuit from a reticle 28 onto a semiconductor 
Wafer 30 (illustrated in phantom). The Wafer 30 is also 
referred to generally as a device or Work piece. The exposure 
apparatus 10 mounts to a mounting base 32, e. g., the ground, 
a base, or ?oor or some other supporting structure. 

[0031] There are a number of different types of litho 
graphic devices. For example, the exposure apparatus 10 can 
be used as a scanning type photolithography 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. Irradiation of 
the reticle 28 and exposure of the Wafer 30 occur While the 
reticle 28 and the Wafer 30 are moving synchronously. 

[0032] Alternatively, the exposure apparatus 10 can be a 
step-and-repeat type photolithography system that exposes 
the reticle 28 While the reticle 28 and the Wafer 30 are 
stationary. In the step and repeat process, the Wafer 30 is in 
a constant position relative to the reticle 28 and the optical 
assembly 16 during the exposure of an individual ?eld. 
Subsequently, betWeen consecutive exposure steps, the 
Wafer 30 is consecutively moved With the Wafer stage 
assembly 20 perpendicularly to the optical axis of the optical 
assembly 16 so that the next ?eld of the Wafer 30 is brought 
into position relative to the optical assembly 16 and the 
reticle 28 for exposure. FolloWing this process, the images 
on the reticle 28 are sequentially exposed onto the ?elds of 
the Wafer 30, and then the next ?eld of the Wafer 30 is 
brought into position relative to the optical assembly 16 and 
the reticle 28. 

[0033] HoWever, the use of the exposure apparatus 10 
provided herein is not limited to a photolithography system 

Feb. 16, 2006 

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 ?lm magnetic head. 

[0034] The apparatus frame 12 supports the components 
of the exposure apparatus 10. The apparatus frame 12 
illustrated in FIG. 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. 

[0035] The illumination system 14 includes an illumina 
tion 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 dif 
ferent portions of the reticle 28 and exposes the Wafer 30. In 
FIG. 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 one of the 
sides of the apparatus frame 12 and the energy beam from 
the illumination source 34 is directed to above the reticle 
stage assembly 18 With the illumination optical assembly 36. 

[0036] The illumination source 34 can be a light source 
such as a mercury g-line source (436 nm) or i-line source 
(365 nm), a KrF excimer laser (248 nm), an ArF excimer 
laser (193 nm) or a P2 laser (157 nm). The optical assembly 
16 projects and/or focuses the light passing through the 
reticle 28 onto the Wafer 30. Depending upon the design of 
the exposure apparatus 10, the optical assembly 16 can 
magnify or reduce the image illuminated on the reticle 28. 
It also could be a 1x magni?cation system. 

[0037] When far ultra-violet radiation such as from the 
excimer laser is used, glass materials such as quartZ and 
?uorite that transmit far ultra-violet rays can be used in the 
optical assembly 16. The optical assembly 16 can be either 
catadioptric or refractive. 

[0038] Also, With an exposure device that employs radia 
tion of Wavelength 200 nm or loWer, use of the catadioptric 
type optical system can be considered. Examples of the 
catadioptric type of optical system are shoWn in Japanese 
Laid-Open Patent Application Publication No. 8-171054 and 
its counterpart US. Pat. No. 5,668,672, as Well as Japanese 
Laid-Open Patent Application Publication No. 10-20195 and 
its counterpart US. Pat. No. 5,835,275. In these cases, the 
re?ecting optical device can be a catadioptric optical system 
incorporating a beam splitter and concave mirror. Japanese 
Laid-Open Patent Application Publication No. 8-334695 and 
its counterpart US. Pat. No. 5,689,377 as Well as Japanese 
Laid-Open Patent Application Publication No. 10-3039 and 
its counterpart US. patent application Ser. No. 873,605 
(Application Date: Jun. 12, 1997) also use a re?ecting 
refracting type of optical system incorporating a concave 
mirror, etc., but Without a beam splitter, and can also be 
employed With this invention. The disclosures of the above 
mentioned US. patents and application, as Well as the 
Japanese Laid-Open patent applications publications are 
incorporated herein by reference in their entireties. 

[0039] In one embodiment, the optical assembly 16 is 
secured to the apparatus frame 12 With one or more optical 
mount isolators 37. The optical mount isolators 37 inhibit 
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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 Woburn, Mass. 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 isolators 37 can be used to 
kinematically secure the optical assembly 16 to the appara 
tus frame 12. 

[0040] The reticle stage assembly 18 holds and positions 
the reticle 28 relative to the optical assembly 16 and the 
Wafer 30. In one embodiment, the reticle stage assembly 18 
includes a reticle stage 38 that retains the reticle 28 and a 
reticle stage mover assembly 40 that moves and positions 
the reticle stage 38 and reticle 28. 

[0041] SomeWhat similarly, the device stage assembly 20 
holds and positions the Wafer 30 With respect to the pro 
jected image of the illuminated portions of the reticle 28. In 
one embodiment, the device stage assembly 20 includes a 
device 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 30 relative to the optical 
assembly 16 and the device stage base 43. The device stage 
42 is described in more detail beloW. 

[0042] 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 more 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, ?ve or six degrees of 
freedom. The reticle stage mover assembly 40 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 other force 
movers. 

[0043] Alternatively, one of the stages could be driven by 
a planar motor that 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 arma 
ture coil unit is connected to the stage base and the other unit 
is mounted on the moving plane side of the stage. 

[0044] Movement of the stages as described above gen 
erates reaction forces that can affect performance of the 
photolithography system. Reaction forces generated by the 
Wafer (substrate) stage motion can be mechanically trans 
ferred to the ?oor (ground) by use of a frame member as 
described in US. Pat. No. 5,528,100 and Japanese Laid 
Open Patent Application Publication No. 8-136475. Addi 
tionally, reaction forces generated by the reticle (mask) stage 
motion can be mechanically transferred to the ?oor (ground) 
by use of a frame member as described in Us. Pat. No. 
5,874,820 and Japanese Laid-Open Patent Application Pub 
lication No. 8-330224. The disclosures of Us. Pat. Nos. 
5,528,100 and 5,874,820 and Japanese Laid-Open Patent 
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Application Publication Nos. 8-136475 and 8-330224 are 
incorporated herein by reference in their entireties. 

[0045] The measurement system 22 monitors movement 
of the reticle 28 and the Wafer 30 relative to the optical 
assembly 16 or some other reference. With this information, 
the control system 24 can control the reticle stage assembly 
18 to precisely position the reticle 28 and the device stage 
assembly 20 to precisely position the Wafer 30. The design 
of the measurement system 22 can vary. For example, the 
measurement system 22 can utiliZe multiple laser interfer 
ometers, encoders, mirrors, and/or other measuring devices. 
The stability of the measurement system 22 is essential for 
accurate transfer of an image from the reticle 28 to the Wafer 
30. 

[0046] The control system 24 receives information from 
the measurement system 22 and controls the stage mover 
assemblies 40, 44 to precisely position the reticle 28 and the 
Wafer 30. Additionally, the control system 24 can control the 
operation of the environmental system 26. The control 
system 24 can include one or more processors and circuits. 

[0047] The environmental system 26 controls the environ 
ment in a gap 246 (illustrated in FIG. 2B) betWeen the 
optical assembly 16 and the Wafer 30. The gap 246 includes 
an imaging ?eld 250 (illustrated in FIG. 2A). The imaging 
?eld 250 includes the area adjacent to the region of the Wafer 
30 that is being exposed and the area in Which the beam of 
light energy travels betWeen the optical assembly 16 and the 
Wafer 30. With this design, the environmental system 26 can 
control the environment in the imaging ?eld 250. 

[0048] The desired environment created and/or controlled 
in the gap 246 by the environmental system 26 can vary 
according to the Wafer 30 and the design of the rest of the 
components of the exposure apparatus 10, including the 
illumination system 14. For example, the desired controlled 
environment can be a ?uid such as Water. The environmental 
system 26 is described in more detail beloW. 

[0049] A photolithography system (an exposure appara 
tus) according to the embodiments described herein can be 
built by assembling various subsystems in such a manner 
that prescribed mechanical accuracy, electrical accuracy, and 
optical accuracy are maintained. In order to maintain the 
various accuracies, prior to and folloWing assembly, every 
optical system is adjusted to achieve its optical accuracy. 
Similarly, every mechanical system and every electrical 
system are adjusted to achieve their respective mechanical 
and electrical accuracies. The process of assembling each 
subsystem into a photolithography system includes 
mechanical interfaces, electrical circuit Wiring connections 
and air pressure plumbing connections betWeen each sub 
system. Needless to say, there also is a process Where each 
subsystem is assembled prior to assembling a photolithog 
raphy system from the various subsystems. Once a photo 
lithography system is assembled using the various sub 
systems, a total adjustment is performed to make sure that 
accuracy is maintained in the complete photolithography 
system. Additionally, it is desirable to manufacture an expo 
sure system in a clean room Where the temperature and 
cleanliness are controlled. 

[0050] FIG. 2A is a cut-aWay vieW taken on line 2A-2A 
in FIG. 1 that illustrates a portion of the exposure apparatus 
10 including the optical assembly 16, the device stage 42, 
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the environmental system 26, and the Wafer 30. The imaging 
?eld 250 (illustrated in phantom) also is illustrated in FIG. 
2A. 

[0051] In one embodiment, the environmental system 26 
?lls the imaging ?eld 250 and the rest of the gap 246 
(illustrated in FIG. 2B) With an immersion ?uid 248 (illus 
trated in FIG. 2B). As used herein, the term “?uid” shall 
mean and include a liquid and/or a gas, including any ?uid 
vapor. 

[0052] The design of the environmental system 26 and the 
components of the environmental system 26 can be varied. 
In the embodiment illustrated in FIG. 2A, the environmental 
system 26 includes an immersion ?uid system 252 and a 
?uid barrier 254. In this embodiment, the immersion ?uid 
system 252 delivers and/or injects the immersion ?uid 248 
into the gap 246 and captures the immersion ?uid 248 
?oWing from the gap 246, and (ii) the ?uid barrier 254 
inhibits the How of the immersion ?uid 248 aWay from near 
the gap 246. 

[0053] The design of the immersion ?uid system 252 can 
vary. For example, the immersion ?uid system 252 can 
inject the immersion ?uid 248 at one or more locations at or 
near the gap 246 and/or the edge of the optical assembly 16. 
Alternatively, the immersion ?uid 248 may be injected 
directly betWeen the optical assembly 16 and the Wafer 30. 
Further, the immersion ?uid system 252 can scavenge the 
immersion ?uid 248 at one or more locations at or near the 

gap 246 and/or the edge of the optical assembly 16. In the 
embodiment illustrated in FIG. 2A, the immersion ?uid 
system 252 includes four spaced apart injector/scavenge 
pads 258 (illustrated in phantom) positioned near the perim 
eter of the optical assembly 16 and an injector/scavenge 
source 260. These components are described in more detail 
beloW. 

[0054] FIG. 2A also illustrates that the optical assembly 
16 includes an optical housing 262A, a last optical element 
262B, and an element retainer 262C that secures the last 
optical element 262B to the optical housing 262A. 

[0055] FIG. 2B is a cut-aWay vieW of the portion of the 
exposure apparatus 10 of FIG. 2A, including the optical 
assembly 16 With the optical housing 262A, the last optical 
element 262B, and the element retainer 262C, (ii) the device 
stage 42, and (iii) the environmental system 26. FIG. 2B 
also illustrates the gap 246 betWeen the last optical element 
262B and the Wafer 30, and that the immersion ?uid 248 
(illustrated as circles) ?lls the gap 246. In one embodiment, 
the gap 246 is approximately 1 mm. 

[0056] In one embodiment, the ?uid barrier 254 contains 
the immersion ?uid 248, including any ?uid vapor 249 
(illustrated as triangles) in the area near the gap 246 and 
forms and de?nes an interior chamber 263 around the gap 
246. In the embodiment illustrated in FIG. 2B, the ?uid 
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 de?ned by the containment frame 264, the 
seal 266, the optical housing 262A and the Wafer 30. The 
?uid barrier 254 restricts the How of the immersion ?uid 248 
from the gap 246, assists in maintaining the gap 246 full of 
the immersion ?uid 248, alloWs for the recovery of the 
immersion ?uid 248 that escapes from the gap 246, and 

Feb. 16, 2006 

contains any vapor 249 produced from the ?uid. In one 
embodiment, the ?uid barrier 254 encircles and runs entirely 
around the gap 246. Further, in one embodiment, the ?uid 
barrier 254 con?nes the immersion ?uid 248 and its vapor 
249 to a region on the Wafer 30 and the device stage 42 
centered on the optical assembly 16. 

[0057] Containment of both the immersion ?uid 248 and 
its vapor 249 can be important for the stability of the 
lithography tool. For example, stage measurement interfer 
ometers are sensitive to the index of refraction of the 
ambient atmosphere. For the case of air With some Water 
vapor present at room temperature and 633 nm laser light for 
the interferometer beam, a change of 1% in relative humidity 
causes a change in refractive index of approximately 10's. 
For a 1 m total beam path, this can represent an error of 10 
nm in stage position. If the immersion ?uid 248 is Water, a 
droplet of Water 7 mm in diameter evaporating into a 1 m3 
volume changes the relative humidity by 1%. Relative 
humidity is typically monitored and corrected for by the 
control system 24, but this is based on the 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. 

[0058] In addition to the risk to the interferometer beams, 
Water evaporation may also create temperature control prob 
lems. 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. 

[0059] FIG. 2C illustrates a perspective vieW of one 
embodiment of the containment frame 264. In this embodi 
ment, the containment frame 264 is annular ring shaped and 
encircles the gap 246 (illustrated in FIG. 2B). Additionally, 
in this embodiment, the containment frame 264 includes a 
top side 270A, an opposite bottom side 270B (also referred 
to as a ?rst surface) that faces the Wafer 30, an inner side 
270C that faces the gap 246, and an outer side 270D. The 
terms top and bottom are used merely for convenience, and 
the orientation of the containment frame 264 can be rotated. 
The containment frame 264 can have another shape. Alter 
natively, for example, the containment frame 264 can be 
rectangular frame shaped or octagonal frame shaped. 

[0060] Additionally, as provided herein, the containment 
frame 264 may be temperature controlled to stabiliZe the 
temperature of the immersion ?uid 248. 

[0061] Referring back to FIG. 2B, the seal 266 seals the 
containment frame 264 to the optical assembly 16 and 
alloWs for some motion of the containment frame 264 
relative to the optical assembly 16. In one embodiment, the 
seal 266 is made of a ?exible, resilient material that is not 
in?uenced by the immersion ?uid 248. Suitable materials for 
the seal 266 include rubber, Buna-N, neoprene, Viton or 
plastic. Alternatively the seal 266 may be a belloWs made of 
a metal such as stainless steel or rubber or a plastic. 

[0062] FIG. 2D illustrates an enlarged vieW of a portion of 
FIG. 2B, in partial cut-aWay. The frame support 268 con 
nects and supports the containment frame 264 to the appa 
ratus frame 12 and the optical assembly 16 above the Wafer 
30 and the device stage 42. In one embodiment, the frame 
support 268 supports all of the Weight of the containment 












