APPARATUS HAVING AN IMMERSION FLUID SYSTEM CONFIGURED TO MAINTAIN IMMERSION
FLUID IN A GAP ADJACENT AN OPTICAL ASSEMBLY 15 RELATED APPLICATIONS This
application claims priority on Provisional Application Serial No. 20 60/462499 filed on April 11, 2003
and entitled "Landing Pad for Immersion Lithography", the contents of which are incorporated herein
by reference for all purposes, BACKGROUND 25 Lithography systems are commonly used to
transfer images from a reticle onto a semiconductor wafer during semiconductor processing. A typical
lithography system includes an optical assembly, a reticle stage for holding a reticle defining a pattern,
a wafer stage assembly that positions a semiconductor 30 wafer, and a measurement system that
precisely monitors the position of the reticle and the wafer. During operation, an image defined by the
reticle is projected by the optical assembly onto the wafer. The projected image is typically the size of
one or more die on the wafer, After an exposure, the wafer stage assembly moves the wafer and
another exposure takes place. This process is repeated until all the dice on the wafer are exposed.
The wafer is then semoved and a new wafer is exchanged in its place.
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purposes,

BACKGROUND

25
Lithography systems are commonly used {o transfer images from a reticle
onto a semiconductor wafer during semiconductor processing. A typical
lithography system includes an optical assembly, a reticle stage for holding a
reticle defining a pattern, a wafer stage assembly that positions a semiconductor
30 wafer, and a measurement system that precisely monitors the position of the
reticle and the wafer. During operation, an image defined by the reticle is
projectéd by the optical assembly onto the wafer. The projected image Is typically
the size of one or more die on the wafer. After an exposure, the wafer stage

assembly moves the wafer and another exposure takes place. This process is



Immersion lithography systems utilize a layer of immersion fluid that completely fills a gap between the
optical assembly and the wafer during the 5 exposure of the wafer. The optic properties of the
immersion fluid, along with the optical assembly, allow the projection of smaller feature sizes than is
currently possible using standard optical lithography. For example, immersion lithography is currently
being considered for next generation semiconductor technologies including 65 nanometers, 45
nanometers, and beyond, Imr %ségn itho raEhy 10 there nts a significant technological

I

fore represe
breakthrough that GRFHREN Y ‘ToRidieyak Sf%ﬁﬁ%ﬂ;ﬁ@ho%?gp\f’ﬁf%gstﬁﬁefbfg% le future.
After a wafer is exgrosedei isafenisesdiandesiiohitingedewith a new wafer. As currently contemplated in

immersion systems, thelmﬁeﬁsﬁémee‘mg&a&%'%p&éﬁmﬁe&r%um@rgap AR dhsaaRlaniged after

the wafer is exchanged. More 15 specifically, when a watfer is to be exchanged, the fluid supply to the
gap is turned off, BREAIGIEHS TEMBRP ARSHVERD JBB GRECHyArsemby) ard 918 wakr v dbed, a new
wafer is alignéd amppiacediliheer=the officahbésseopehicand the inthegamiduid; falecbwith flesh

immersion fluid. Caaﬁeaa';Qéémssﬁb%y&ﬂﬁesp%fea%ﬂ%?Fsm%ﬁgpﬁég&%f Wg0quewaler AR RPin.

20Wafer exchange with immersion |thograp2g: as described above is problematic for a number of
reasons. The repBStEt'RIHAT & rtPafa P irahEnpeaR BrisBFaRiRoRTRHRNAhRgréRYuid and
may cause bubbliss ¢arfertly Withig thensitmexsider fluidi Fahblatcanddimndcundtetdyifichdalaiemnterfere

with the projectiogf i B3e Bhige tiste A Bealaty RerBh redhiciog e

: H—A overall
process alsa involves many steps and is time consuming, which reduces the overeﬁﬁ%ﬁoﬁﬁut of the

machine.  1%An LR SRFI TS AGERGRR eshnRlpdRml Srspranethinsd Wi et %he
projection lens wirenctivéinvaibnstad epiicaldiragyapifroforithe progeetiabiddnsiréor example during wafer

exchange, is therefore pagred, 30-SUMMARY it is ALhARRAT AP SRAREHOHR MR IRHIY
immersion fluid in thr%graﬁ%@djacent theE%;),Je(_:tlon lens in a lithography machine._is disclosed. The

apparatus and Mgt i GReEMRpth I EBBHRIP R VRGNS (BepiBBersienifiugevsls Bsvork piece
and a stage assegtbyvacftdintpe georlapicitenablearostiep sdtttdrsuppt thexebakgrdcelmjacent the

optical assergblys AtREMIO RSN RSN dHRIQUASHJOS WRP RN AP RaCFIaRfluid from

the gap. After exg%s&]ree fluid is removed from the gap (i.e., by vacuumy), the old wafer is removed,
a new wafer is aligned and placed under the optical assembly, and then the gap is
re-filled with fresh immersion fiuid. Once all of the above steps are complete,
exposure of the new wafer can begin.

20 Wafer exchange with immersion lithography as described above is
probiematic for a number of reasons. The repeated filling and draining of the gap
may cause variations in the immersion fluid and may cause bubbles to form within
the immersion fluid. Bubbles and the unsteady fluid may interfere with the
projection of the image on the reticle onto the wafer, thereby reducing vields. The

25  overall process also involves many steps and is time consuming, which reduces
the overall throughput of the machine.

An apparatus and method for maintaining immersion fiuid in the gap
adjacent the projection lens when the wafer stage moves away from the projection
.lens, for example during wafer exchange, is therefore needed.
30
SUMMARY

An apparatus and method for maintaining immersion fiuid in the gap

adjacent the projection lens in a lithography machine is disciosed. The apparatus



5 of the work piece is complete, an exchange system removes the work piece and replaces it with a
second work piece. An immersion fluid system is provided to maintain the immersion fluid in the gap
when the work piece table moves away from the projection lens. The gap therefore does not have to
be refilled with immersion fluid when the first work piece is replaced with a second work piece. 10
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an illustration of an lithography machine
having features of the present invention; 15Figure 2 is a cross section of an immersion lithography
machine accordin%nttg'gﬁ%% IB§ ment oft %%?éé&ﬁ%ﬁv&%b%{ %(ﬁg%?ré’ "PRAR 488 §Pols section
and a top down vwwapé-wmﬂﬁérgidﬁﬂ%(ﬂﬁmhfyvﬁacfﬂdie@@wdihg@canmher. emfipdiedetat of the
present inventionsrigiie 14 Rodt HacCiaRs SRAHIRLAER JeRAmN. %%mﬁmmmsr%sgge%@

lithography machine accprding to gnother embodiment of the present invention; Figure 5A and 58 are
tlop o?own views o'fst\Wg\ﬁi%’ggo? ?}' B@PQ%&‘@%%@&W%W&D%%?M‘&&%eﬁf%ﬂﬁ@swésem

invention;  SFigafdéreAueria m@mmm@fmwmw sﬁht&gnaph}ongadhmwmcﬁﬁﬁagamd another
embodiment of the fuelipnik gk CRsAEAE:R sorlenAbrian A UkaliaiogAwAlsrsxchange

according to the presef'nt invention. Figure 7A is a flow chart that outlines a process for

manufacturing a Work BiaBS Ay IAHEEANRINA L PPeYERPI R HIRSK: Rigkp table moves away

from the projection lens. The gap therefore does not have to be refilled with
immersion fiuid when the first work piece is replaced with a second work piece.

10
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of an lithography machine having features of the
present invention;
15 Figure 2 is a cross section of an immersion lithography machine according

to one embodiment of the present invention;
Figure 3A and 3B are a cross section and a tap down view of an immersion
lithography machine according to another embodiment of the present invention;
Figure 4A and 4B a cross section and a top down view of an immersion
20  lithography machine according to another embodiment of the present invention;
Figure 5A and BB are top down views of two different twin wafer stages
according to other embodiments of the present invention:
Figure BA is a top down view of a twin stage lithography machine according
to another embodiment of the invention;
25 Figures 6B-6E are a series of diagrams illustrating a wafer exchange
according to the present invention.
Figure 7A is a flow chart that outlines a process for manufacturing a work
piece in accordance with the present invention; and
Figure 7B is a flow chart that outlines work piece processing in more detail,
30 Like reference numbers refer to like elements in the drawings.



Figure 78 is a flow chart that outlines work piece processing in more detail. 30Like reference numbers
refer to like elements in the drawings. DESCRIPTION Figure 1 is a schematic illustration of a

lithography machine 10 having features of the present invention. The lithography machine 10 includes
a frame 5 12, an illumination system 14 (irradiation apparatus), an optical assembly 16, a reticle stage
assembly 18, a work piece stage assembly 20, a measurement system 22, a control system 24, and a

fluid environmental system 26. The design of th mponents of the lithography machine 10 can be
varied to suit the design requirements of the Iitthe 10. 10In one embodiment, the

lithography machine 10 is used to transfer a pattern (not shown) of an integrated circuit from a reticle

28 onto a semiconductoryaier3R (ushatedinRRaRiam) The HheRsaRpY ARG 4 mpits to a

mounting base 32, e.g., the ground, a base, or flogr or some other Supporting structure. 15Ii various
embodiments of tﬁ@f&?@n‘ﬁkﬁ,&tﬁé&ﬁﬁ{ﬁdﬁﬁﬂ?ﬁ%agﬁ?\é'ti‘ﬁ%ﬁﬁh?fem 558 RAvfsRfsEe

photolithography $@stemithairetiposastie d4t@radidiarthm petisles)Seantptics wafem8y wih she reticle
28 and the wafer G RoviagesyRebiafipuply AN CRRNIBccE WIagraRisgnachibs. diggficle 26 is

moved perpendicularly to an optical axis of the optical assembly 16 by the reticle stage 20 assembly
18 and the wafer 36 hov S EIRLAUERITAAS B the Bittaryiebsenid sytiear 8sembREEEBy the
wafer stage assenitihe 20ngearniagitthtneticdph8eadhite Waden Be oadadstvhiie tthededigle 28 and

the wafer 30 are REVIRGRYRCBIRNOHENALRIMAEEI- tie lithography machine 10 can be a
step-and-repeat type 2 photolith%gfré’;laqﬁy system that exposes the reticle 28 while the reticle 28 and

the wafer 30" are statiorldry "t fi{E Sl D SRS TRehingret BSis#rg to transfer a

pattern (not shown) of an integrated circuit from a reticle 28 onto a semiconductor
wafer 30 (illustrated in phantom). The lithography machine 10 mounts to a
mounting base 32, e.g., the ground, a base, or floor or some other supporting
structure,

15 In various embodiments of the invention, the fithography machine 10 can
be used as a scanning type photolithography system that exposes the pattern
from the reficle 28 onto the wafer 30 with the reticle 28 and the wafer 30 moving
synchronously. In a scanning type lithographic machine, the reficle 28 is moved
perpendicularly to an optical axis of the optical assembly 16 hy the reticle stage

20 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 lithography machine 10 can be a step-and-repeat type

25 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 reficle 28 and the optical assembly 16 during the
exposure of an individual field. Subsequently, between consecutive exposure
steps, the wafer 30 is consecutively moved with the wafer stage assembly 20

30 perpendicuiarly to the optical axis of the optical assembly 16 so that the next field
of the wafer 30 is brought into position relative to the optical assembly 16 and the
reticle 28 far 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



constant position relative to the reticle 28 and the optical assembly 16 during the exposure of an
individual field. Subsequently, between consecutive exposure steps, the wafer 30 is consecutively
moved with the wafer stage assembly 20 30 perpendicularly to the optical axis of the optical assembly
16 so that the next field 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 fjel he wafer 30, and. then the next field of the wafer 30.is brought into posit?on
relative to the opti&%%?sggﬁglrf‘f%ﬁg'r% dthgsrjg%lfee%\.’e © E‘Sﬁgggﬁ IEaRG A hanfhigralifs machine
10 provided hereir?$ not necessarily limited to a photolithography for semiconductor manufacturing.

ExXpo55 2 10U el ey e S e nography
exposes a liquid crystal di wark piece pattern onto a rectangular glass a pf (
system for manuf#&tﬁ?ﬁﬁiﬂﬁ%ﬁ'@ﬁﬁ%amﬁ% gfﬁ&é’c dRFgNF AR P e pai- |sT§k§_*ne_ncaIIy
used herein t& reféihagamdavickinkat Ondgr e gratier s UsingstithegraphyC Busivasithugnehimited to

waters 10 o LCD syl f@eexpostS . aepRI By diaipid pRANE e pRRafecl gdihooraphy
machine 10. The a%psari%%{s frlgme 1% |lltéstrateic11 in g%l‘{e 1r_support_s.thie reticle st?ge assembly 18,_the
wafer stage assefiBRy 207 the chHEIALBEHMBRM Sy RIMHE INAHRGEHIRgFethin AmBegiRtcmounting

base 32. 15The illgathatieteeslissimtad techuttesiapistairingtiomisaily caditandrat refer to any
device that may be patterned using lithography, such as but not limited to wafers

10  or LCD substrates.

The apparatus frame 12 supports the components of the lithography
machine 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
lumination system 14 above the mounting base 32.

15 The Humination system 14 includes an illumination source 34 and an
ilumination opfical 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

20 wafer 30. In Figure 1, the illumination source 34 is ilfustrated as being supported
above the reticle stage assembly 18. Typically, however, the iljumination 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 38.

25 The fllumination source 34 can be a g-line source (436 nm), an i-line source
(365 nm), a KrF excimer laser (248 nm), an ArF excimer laser (193 nm) or a F,
laser (157 nim). Alternatively, the iftumination source 34 can generate charged an
X-ray.

The optical assembly 16 projects and/or focuses the fight passing through

30 the reticle 28 to the wafer 30. Depending upon the design of the lithography
machine 10, the optical assembly 16 can magnify or reduce the image illuminated
on the reticle 2B. The optical assembly 16 need not be limited to a reduction

system. It could also be a 1x or greater magnification system.



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 20 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 one
of the sides of the apparatus frame 12 and the energy beam from the illumination source 34 is directed
to above the reticle stagdS2ss¥ib§M SXRBS e WARKirises SfcamReEmREIHM st YiRiRtination
source 34 can beradigtine @aivef(4acrmgirazoding solywer(365 ointe adtabiexCiogpéasetd48 nm),

an ArF excimer laﬁ%ﬁé&wggaﬂrﬂé %ﬁsﬁl%rlg&eré%q%g)bﬂh@r@@g@%ﬁg%@g&mgﬂ%ﬁ fourtt:gm34 can

generate charged an x-ray. The optical assemb projects ant ) f)g%smg through
30 the reticle 28 tﬁ"ih'g%vaﬁf‘r 39S PditRPapol #teSigplicatie odrapry Mischihie! 264the optical
assembly 16 &an pobiiEhiéd onredieicoffieinGgeithiminated @pte refiske 2% oibsierticahasgembly 16
need not be limitedia,ggeAuction sysiamyd codkhalss be.axprgraatermagaification system.

S I 8 ane 8o A e NS

Also, with an exposure work piece that employs vacuum ultra-violet radiation fwavelength 200

nm or lower, use BE#RSERNRIMTO TyEBpicreydierrtad Be Reinridire . 330 pletndhase
catadioptric type cisaptidhbsystectirigclptiedhe cisclastsecdapps BatatidhipwlicatipmRlissiosure
N0.8-171054 5 pyhli ' icia, t r.Laid-Open Patent Applications and its counterpart
U.S. Patent No, éh%%:? ,67t2|!q%1t2§ Wge)iﬁgﬁs %éﬁb%én%z‘t%&"}ié% ﬁ:aﬁgﬁobisg o%%))rrpetgaé?%-ém%?%éoﬁ]d its
counterpart9.S. BispigauroNS. B 54580 RYBiEkac ke thdficialcearetispival- WiepnecBaiantbe a
catadioptric opticapslsitoninandpitsatinghte peamUssliteiiand KoN6HED I oss JapanaB atgpispplication
10 Disclosure Nops 33465 pulishesin s Ol Casgla o yaickopsnbaien) applicalions and it
0

counterpart U.S. Patent No. 5,689,377 as well as Japan Patent Application Disclosure 0.10-3039
and its counterp&PRYBIg, biey A??p'ﬁiéﬁﬁoﬁ“ﬂB‘.’Wﬁ%d@%ﬁbpﬁiﬂ%ﬁ% H3e: ose2-a71adleeli0ge a
reflecting-refractirefragtegdfoptit apSysitepsteradnporptingay consassy aniiiosr e&¢e, it witheut & 15 beam
spliter, anchean BlsOSARFICHRS v i BEUKIoR 4 1R OGHTUHEG, (Nedisipsiyag In the
above-mentioned U.S. patents, as well as the Japan patent applications published in the Official
Gazette for Laid-@ﬂ@ﬁt‘%:tgﬁ ﬂfﬁﬂﬁéﬁfﬁf‘n@ AReiAREVsIRRRIPRBTCH BynaiRiEn s st Astthe stage
assembly 18 holdarandbptssitienslitadtionsiclet#istredaitivineo Didhe @Gptitad &sseanipdénarutdéhe wafer 30.

In one embodimg@b]m(gﬁgiql%%@g@mﬂgyewgg%ﬁ&yeticle stage 38 that retains the reticle 28
and a reticle stage mo E%Sé?eén%lg 40 that moves and positions the reticle stage 38 and reticle 28.

Each stage mover ass LAY NP RFB AR Raglangghg seticle 28 relative to

20  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.
Each stage mover assembly 40, 44 can move the respective stage 38, 42
25  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, five or six degrees of freedom. The reticle stage mover assembly 40
and the work piece stage mover assembly 44 can each include one or more
30 movers, such as rotary motors, voice coil motors, tinear motors utilizing a Lorentz
force o generate drive force, electromagnetic movers, planar motors, or some
other force movers.
in photolithography systems, when linear motors (see US Patent Numbers
5,623,853 or 5,528,118 and incorporated by reference herein) are used in the



25 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, five or six degrees of freedom. The reticle stage
mover assembly 40 and the work piece stage mover assembly 44 can each include one or more 30
movers, such as rotary motors, voice coil motors, linear motors utilizing a Lorentz force to generate

drive force, electromagnetic mavers,,planar motors, oy some other force movers. In
photolithography SYatamsvhan, .W?S’éﬁ fho ers“i%‘é\% @é@a@eﬁ’ﬁe Eh‘(bg\% E‘@Qﬁ,@'@? B 836289118 and
incorporated by reféfenes léréiniadieg desl amtreyingfer seerinassenbiyagntiie letitiéistdgpeassembly,

the linear motors e3P Riherane: lautalies %F}%?'ﬂ&lﬁ?ﬁ’@ﬁ%i@i.rtf?@%{é%%%i%ﬁi@ madngHis pyitation
type using Lorentz force or. reg@rﬁnce fo.gT%_Addltlonall , the stage could move along a guide, or it
t

could be a guidel &5 LEQICRE ARSI Y bR SRt ReR 819 8B the stages could be driven |
by a planar mfotor, whickitdriatigalie stagd by ategiestroniadretidvandey ge penatednbiog neaghet unit

having two-dimengiasliytiana e mrnaeeis fad ez AakiaiayinaMa g atianaly
arranged coils in facing positions. With this type of driving system, eithér the magnet unit orthe
armature coil unit 16 @&883@ tREEG t}ig%%"ﬁﬁd 3eckn@ofBraiiE iHobRte BNt Wioving
plane side of the dtagesionalieveamgst ofithé Sames positessribattalyoy ¢/pend diieisgesstan, forces

that can affect peefenancmagibe AN ARiRRIRL SR Eeapton aiengeneipied by e vafer

(substrate) S’it get}j‘noti n can,be mech%nically transferred to the floor (ground) by use of a frame

member as escrlbeeat?}?%' ARG 98 B B\iH8 BRISaERMbetiFgfese Patent Application
Disclosure No. 8-1364#8oysiaknidnhithe séartioasfdreesiiyah atateddenthavsticte {onafek} =t dgat motion

can be mechanicaly tegpsteseddmiiedogr (g,r@ugﬁigtgm %@fr@@%m_emlﬁagﬁoq\e%gg%d in US
Patent No. 5,874 820%%% ub( iské(?%%]%%% ese Patent Aégp Jjcation Disclosure No. 8-330224. As far as

is permitted, the ISR i Nohiiags 57858 875 dsrecshanieAuiiansiisiise Patent
Application Discl#ziife Rrera@serdbsresacdrpdraee hemivebyseleseribed in Uhe ateastirement

system 22 meniters78avenaentRiiRadeticig28ane daawaipisdiselaiva dedheaptisabassembly 16 or
some other refer nge. Wiﬁh this i{inggrpation the cogt stem F4 cangiontrol the reticle stage
on

I
onally, Teag rees generste n%)yt evﬁ%?&%i‘é'&%s asé@'ggsggmf% b5 precisely

assembly 18 to 25 precisely positi ereficCle
position the wafegehatiratiedignsiitae fethsufiaer tewsystdmby2usan ofasy fRorermmbler, te

measurement systemiBidanBtilizemwEPisias 8D MRIIas 0PSRN J8PSRSR! B RIKI B p ARG other
measuring devicgss J e GRS 24NCegves iNTormation fom g measurement Sysiem
20 Numbers 5,528,100 and 5,874,820 and Japanese Patent Application Disclosure
No. 8-330224 are incorporated herein by reference.

The measurement system 22 monitors movement of the reticle 28 and ;(he
wafer 30 refative to the optical assembly 16 or some other reference. With this
information, the control system 24 can control the reticle stage assembly 18 to

25 precisely position the reticle 28 and the work piece 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 interferometers,
encoders, mirrors, and/or other measuring devices.

The control system 24 receives information from the measurement system

30 22 and controls the stage mover assemblies 18, 20 to precisely position the reticle
28 and the wafer 30. Additionally, the control system 24 can control the operation
of the components of the environmental system 26. The control system 24 can

include one or more processors and circuits.



30 22 and controls the stage mover assemblies 18, 20 to precisely position the reticle 28 and the
wafer 30. Additionally, the control system 24 can control the operation of the components of the
environmental system 26. The control system 24 can include one or more processors and circuits.
The environmental system 26 controls the environment in a gap (not shown) between the optical
assembly 16 and the wafer 30. The gap includes an imaging field. The imaging field includes the area

adjacent to the region of the wafer 30 that is being exposed ang the area in which the beam of light
energy 5 travels betweetrrh%eeg\f)lg%% gg@erﬁ%ﬁ;ef% gﬁd%ﬂﬁr\?\}gﬂﬁl SIS %'e%ian?ﬁge%m

environmental systeew2cbeamesdrtie|abicerasaenthnt trad treagater $6ld Thrade shdddesvronment

created and/or copgllRgl e BRP g aRvireneRaksy siem ggjmi\/@;x@;%?@ﬁgjyﬁ%the wafer
30 and the design of. th%re‘%?ft e components of the “th?%%%i?b chine 10, in

lyding the
iilumination systeMi?. 16 F8F BxERINRSGE ek R 6 Te et?ﬁséﬁr%ﬁggtﬂﬁl 'Ych as
water. Alterndtiveljavble Helivenh doatroticel ersermhindit aamh the ardeh&ptypétbfiflisidssigh, dsea gas. In

various embodimeRiaaihasen m,@»ém%ecgﬁraoﬁ%tmméoemm}riedaemmebﬁ%ﬁdg fRpsusigge of the

wafer 30 and the last optical element of the ogtical assembly 16. 15In one embodiment, the

environmental sy 6N R FHRGREFR BN FRMEUET: R dTGaBaRiY dASnTMEretal. The
design of the envisosene@hkeystem 26camnithie toohm orrdeatSofa bavieserfttlesystent 26:can be

varied. In different GmbpdimenisnihrRIBHONMARAIRY 56 ek dRYURE R BipSiR dmapysion fluid

into the gap sinq:sELa nozzles, electro-kinetic sponges, porous 20 materials, etc. and removes the
fluid from thé gap & iﬁg BulHORTIE dsFUHTYS A RE MENFRE BEsTyfEF R R diREntal
system 26 can vaiiteFratiexdantivied éstan injdotkbé éminensientfiiad be enetoemhgre dddatibsiecht or near

the gap. Further, {36, IgHBErHoRHNE YHBETANAIAISIGAY SRA0\AKLBFIRT GIAVRNGINGHIR [mmersion
fluid at one or mqgeégﬁ tions at Pr near the Vﬁqték ple%%rr? the gﬁpi%ta%%or the edge of the optical
assembly 16. For SEoRal Tetai8 S VATols BV éﬂtgln%/ Bt s IR eighe
applications 60/46pti¢aeesginety “ifamersion Lithography Fluid Control System" filed on April 9, 2003,

60/462,112 estitled "VapUsHe BHGSy=EaMRNEVHSKRAGISYEIRM 1oy AR syl eamply filed on
April 10, 2003, 6 50:%5 lz{ﬁgtitled "\l}\l{%seless Fluid Retiavery.ryp\/itrg Poroursg 0 Material" filed on
September 3, 2003, 8 51%59 entified "NE2218D 'l%'n formmersio %85?%{%9"%@(5 on
February 2, 2004¥sfeicet sovated esnpreriisefbeepnvironrmastiaimyglesnrg§uenteavestess daction of a
lithography machirit8Hsteatibganeresnhngirapntaiidatarespsinvestiorssshona drhajdbgaraphy
machine 200 include ical.assembly 16 and a stage _assembly 202 that includes a wafer table
204 and a wafer @a%gegsi?i%%f? ér?vt\?aﬁe? t%%qeu%glsf{:a nﬁaﬁ‘% ‘trc?' Eé{ 6%%}?5%3 e 968 (?)?rgH?/ other
type of workkPiecBRigHaE: fife aptdamauesHinlag. omeheigHmiSHaVOPsIEMIRE U FBRNGgRSY the
optical assemblyzha, tiseUped Dhetudinb SNty emandinamarsipadhidedanfem thevgapahgiween the

wafer 208 and th t opti I of th tical assembly 16. A work piece exchange system 216,
neluding a wate ICaelBTs 1o T TR e e iR B e B Con
camera), is confifufiegridhe igveraiRnfaie sY88rd FanaqHasE dBIRcY W ahe/ps sierve fuiighthesecond

wafer. This is typinelbracedmalishede or more locations at or near the work piece 30, the gap

25 and/or the edge of the oplical assembly 16. For additional details on various

environmental systems, see Provisional US applications 60/462,142 entitled

“Immersion Lithography Fluid Control System” filed on Aptil 9, 2003, 60/462,112

entitied “Vacuum Ring System and Wick Ring System for Immersion Lithography*

filed on April 10, 2003, 60/500,312 entitied “Noiseless Fluid Recovery With Porous

30 Material” filed on September 3, 2003, and 60/541,329 entitted “Nozzle Design for

Immersion Lithography” filed on February 2, 2004, all incorporated by reference
hetein.

Referring to Figure 2, a cross section of a lithography machine iilustrating

one embodiment of the present invention is shown. The lithography machine 200



10 using the wafer loader 218 to lift and remove the wafer 208 from the wafer table 204.
Subsequently, the second wafer (not shown) is placed onto the wafer chuck 218, aligned using the
alignment tool 220, and then positioned under the optical assembly 16 on the wafer table 204. With
this embodiment, the wafer stage 206 includes an immersion fluid 15 containment system 214 that is
configured to maintain the immersion fluid 212 in the gap adjacent the last optical element of the
optical assembly 16 during wafer exchange. The immersion fluid containment system 214 includes a
pad 222 that is ad]AtEAPR WHRE AISRMS0L. 'R 80P GoRAHERBRFDY FHH M dnslidrsch witssad 222
and the wafer stagebROB)4sansiei wafeu sy s pathd 2 dhamalzns 20 dahiig#ed hasupitat upper

surface which is c%@p%gv'm g@lg@g? %@%Wg é%g{znﬁog?qhézgpﬁlcsa? Qgsse l1;I|at 'pf;{nsurface

which is coplanar with the upper surface o0t the wa 4 and the water surface. The pad 222 is
arranged adjacentiEDEtRPEASKS o GitS YroLRF e Aegepfitel pes bl e isuserhtarfaipihersion
fluid 212 is mavaldadetwveenitheansaderfialle 20#oan ththgpaskRRer2huithesr Jeakdng 1fRursg a wafer
exchange, the wafeg; i in_the. directi f 226 s0 that the pad 222.is.positioned
under the optical é@&gérﬁ%%ﬁ%ﬁfn%g%%%gft ,'§1a§e %vsg%erﬁ Etgzt{/g:?e%&wgnyél lt%?ﬁir?éctﬁaenﬁﬁ igyﬁ%?we%‘gt‘ip or
?aiEtaining the sihﬁgﬁﬁ% ?Id}’gi;@éﬂééﬂ@r dﬂirg(éwv?afépﬂii:gﬁ;e%ggﬁwﬁfﬁéﬁ@%tﬁ@g i8 rpoyed
ack to its origina HiopsathdaCtbp pa , |8 epdive: reamiNe gap asthessscendisafer Is
posttioned under (haARLRR! ARPERDIYAL.d VAHOK S SDPQIRE S yib e RACIERE 12 CIRh0RRg
continuously adjacent the water table 02 with no gap. Vertica posiflon andrar i SPHhe Waﬁgr table
204 can be dfjustsingohrarains Raser alfdaiiffard repspaike wafrtiROpdwsutracsaissigiane wafer
table 204 is movezboutSubsequehtly hissopttealasaam MytishovMpinisiniag Sneoanp hawasdhke pad
222 and the optical as ) t limi Just I .operation. The 22 can be
large enough to %ﬁtgﬁaﬁgﬁﬁiﬂ?oéiﬁﬁ%ﬁfﬁ? tﬁlzeﬁgéggs ﬁ%&%&%ﬁigﬁgéﬁac&g@n&ﬁ%@% optical

assembly 16 duriAgSERENgiFR8be P& &P Pheasurement operation. 5in those operations, a part
of the area occupied bywiite itmmerstantitiuiat? I2=nvesfdrestaytheMppetsistaes ahthervigdefidable 204.

Referring to Fiaure ik A @icHRss 2960 Atk R AW MW Sl MSLIARSrPon [[nography

machine accordin&to another embodiment of the present invention is shown. The lithography machine

300 includes an ot 8PRAARBN 16 17 LS| lagRent oL thepriss!hstsmbliode digeraisie 304
and a wafer stagee306arfise Waddmiakleid04lusicanfiginreertosgaiepoftid wafed 08 fad a2y diber type of

work piece) undendheapticeliassrraPikif: 29 eVikapmeniaLsysle sy 26, RrUNAlRGLe pptical
assembly 16, is usegpt%oﬁ"%%pply and remove immersion fluid 312 from the %%p between the wafer 308

and the lower mo&f R RE N B AR QAL By 19 S URRAE BiREE d%exFRa Yy stem
316, includidf a watis RHdeas3adlandoarradigfame nhiodl B2Gimcanfiigtred tofaeenoithéheatafer 308 on

the wafer table 30shandgplageivithomaseonst WRRF sLiisds RRRATPLSHRAMSING the wafer loader
318 to remove the WrPfer 3&?‘ fron}th %/lafér table. Subse u%the second wafer (not shown) is
placed onto the wHtEF EhtK 514 Sﬁéeﬁ g adhgd iéﬁﬁﬁé {i8esobhe methertdsaRasinder the
optical 20 assemadjatentibenwsfal Ustriat@d4niyarecdB smekiuebn®pre. 3220ateusedHat theve the

stage assembly 3@z {Blidingithewateriabie BGtARLWaTer HiReeRPR By deaessgfdseedom (X
and Y) during operation. As noted.ahove, the motors 322 can be any type_of motors, such as linear
28 o 52 h dia

motors, rot&y mo\%' e BE&%’ae\f@fer excnange, the wafer e 206 is moved in the
direction of arrow 226 so that the pad 222 is positioned under the optical

assembly 16 in place of the wafer table 204, maintaining the fluid in the gap or
maintaining the size of the fluid gap. After the new wafer has been aligned, the
wafer stage is moved back to its original position so that the pad 222 is removed
30  from the gap as the second wafer is positioned under the optical assembly 16. In
various embodiments, the pad 222 is disposed cantinuously adjacent the wafer
table 204 with no gap. Vertical position and/or ilt of the wafer table 204 can be
adjusted so that the wafer table surface is coplanar with the pad surface, before

the wafer table 204 is moved out from under the optical assembly 16.



The immersion lithography machine 300 also includes an immersion fluid 25 containment system 324
that is configured to maintain the immersion fluid 312 in the space below the optical assembly 16 while
the wafer table 304 is away from under the optical assembly. The immersion fluid containment system
324 includes a pad 326, a motor 328, and a control system 330. The pad 326 can be positioned
adjacent the optical assembly 16 and the wafer table 204. The wafer table 304 has a flat upper 30
surface whichMacaplangy thithggphatfacendhthpad 22 308 tHeheppiad A2G:hddyal fat wppéinstedace which

is coplanar wit %1 rsur[_lace of the wafer table 304.and the wafer surface. The pad 32§ is
movable in tlﬁg gn%P dirac |%rﬁ%eu%?r?aa¥voél 'm%@grgéév%%ic?ﬁr%s%go%ﬁ%ﬁléagoﬁ})giéocrgn@g 1snys &m 330.
The motor 328 emevmarfjuidp2! 8f imsherspsavblitasdhahmqiads??22akhehpag 326 isgositipned under
the optical assgm r?/ 16when the wafer table 304 (the wagar stage 306) is away from under the optical
assembly 16. Dur%:B gaa We e%l g@cﬂ%er?a?é% thé Wg?g(‘r“i%%%l o ?%%(\)/ré‘s away from the optical assembly

16. Simulfanebutiysehepcotitont systermad3deadireatedtipindioy 828 honmovenpici 826 Lindgribemptical
assembly 16, i t T ad 326 thus retains the immersion fluid 312 within
{ﬁé%%%gsﬁ??a&aé%ﬁ??g% Bl SOk

the gap under the 0 assemb &7 the new wafer has been aligned using the alignment tool
320, the wafer table 304 10 is repositioned under the optical assembly 16. At the same time, the

control system 330 dfi el thbieis S84 a1 o Re AT R e8I HHERARVBriiFEh fE 3B ¥iscape of
the immersiorifiuierddad. lItibgruphierexchasgecoprtialione tAagRatrehfisiaAtR30 Menepiiirwafer

table 304 and.the pad 326 with all gap between, the wafer table 304 and the pad 326, while the
immersion flufg‘ﬁgl%ré% %noi%rgfthgggﬂ%ﬁﬂ%@c Bva8Y Befugfsan tRESRERS B 304%hd the pad
326. Theimmesgioasduitttorieinmme nhsysies 34fthushiaadntaing thesinspetsienaieididik2fumen the gap
during wafer %} ble 304 (the wafer stage 306) and the pad
326 are mova

hapge. In this embodiment, the wafer ta

ge:i@rlﬁt%‘fﬁggﬁé F&é?leﬂgf\%&%?%b%é%é%i@%%ﬂtwﬁ%@ WHlfePHfEShiRSion fluid
312 is maintathediti thicaspankl hetvaencAOiibenpada320staia Yae oplicaldassamlyikal lRseaiiays
embodiments1 f’EQ% §Q¥§ntgon }he control system 330 r%]?g{ Ft)%;z%fepa%ée control systeé_r% or it can be
integrated intd the CoRErT SFRRIMANLISRS Ko AmBISRY SPLBSiESRIRGHE IV IR P&iGe 306
and wafer taldl@Ba4d ibetibalpositich el tleefeat leashonguidihasaalitljable 304varld phecpad 326
may be gdjusted so that the wafer table surface is coplanar wi g the pad 25 surface, before the wafer
table is %%ve%lxg{lj%]}%nf’ ﬁ%ﬁgr%f%’ol&?c%(?iggsgrﬁ‘f)q&igf)%é \(A){é r&tt6nin ﬁ%ﬂefﬁetﬁ%ﬁe‘?riﬁad% 304 is
away from thecnftgzatddsenthiyd 6dswmabinritessahbyinited e 3 Madad exshaadewdfesatieondror
example, an alighment operation asurement operation or gther operation may b cuted while
maintaining tr‘?{ea%%m%ei%rgicﬁsﬂ ﬁﬁ%@% he'§) gég BétWeeH (i%% gpggdtgﬁﬁgé%‘ﬁetﬁ"g &ﬁ 85?0%)(%0111

the wafer table. Subsequently, the second wafer (not shown) is placed onto the wafer

chuck 318, aligned using the alignment tool 320, and then positioned under the optical

20  assembly 16. As best illustrated in Figure 3B, a set of motors 322 are used to move the
stage assembly 302 including the wafer table 304 and wafer stage 306 in two degrees of
freedom (X and Y) during operation. As noted above, the motors 322 can be any type

of motors, such as linear motors, rotary motors, voice coil motors, etc.

The immersion lithography machine 300 also includes an immersion fluid

25  containment system 324 that is configured to maintain the immersion fluid 312 in the
space below the optical assembly 16 while the wafer table 304 is away from under the
optical assembly. The immersion fluid containment system 324 includes a pad 326, a
motor 328, and a control system 330. The pad 326 can be positioned adjacent the
optical assembly 16 and the wafer table 204. The wafer table 304 has a flat upper

30  surface which is coplanar with a surface of the wafer 308. The pad 326 has a flat upper
surface which is coplanar with the upper surface of the wafer table 304 and the wafer

surface. The pad 326 is movable in

10



30assembly 16. Referring to Figure 4A and 4B, two cross sections of an immersion lithography
machine are shown. The lithography machine 400 includes an optical assembly 16 and a stage
assembly 402 that includes a wafer table 404 and a wafer stage 406. The wafer table 404 is
configured to support a wafer 408 (or any other type of work piece) under the optical assembly 16. An

environmental_system urrounding, the optical assembly 16, is used to supply and remove
mersion iR 12 Py A e BB A Ston HoE i e Eh FIoRY S LA SRR o the
optical assemBBO1GHA otk et eLxeh aing e/ By SEMAIR, o ahallingtRewaieyrioprter 418 and an
alignment tool 420, i figured .to remoye the wafer 408 on the wafer table 404 and replace it with a
second Wafer.lT igqg gggd ?Féﬂ%‘fgs' %@WEP?&&&%@A@@ @r@ﬁ?&l@?ﬁ%ag‘?é (E?O%Bﬁ(ff'ﬁethe
wafer table 404aiStibiage 3O6Yys Hwexgdaandindciehaeishowakisiiaced Dot thewateeithahpek 418,

aligned using the alignment taql 420, and then positioned under the optical assembly 16 as illustrated
in the Fig%re 2&&? Wa%fﬁaegli:%%?grg}%eﬁtﬁgﬁya%ﬂggﬁﬁﬁc?ﬁﬂgarﬁﬁgea’?% Xnigudes an immersion fluid

containment sYyistedtd2dutihat isccanfiguiregstenim@intdinehie intmession TR 41 ghe spacadelow the
optical assemply 16 while the wafer table 404 is away.from 15 under the opfjcal assembly 16. The

immersion flui %8R%§%ma§?]?§y e?rﬁ’ffa??ncé’il@d a gﬁﬁ%éﬁ%ﬁ%&ﬁﬁ‘ﬁ%@p‘%ﬁd@&%t & optical
assembly 16 ancherseaothad i w43t phevidedunicihkevateradadied0d: YWhen the immersion fluid 412

is between th tical assem 6 and the wafer table 404 (or the wafer,408), the pad 426.is held by
the second clgrﬁ Erf% il Wpl‘évggeé r}% %%ageﬁ%@%%ﬁau%%&ﬁ Iﬁl?ﬂtetWiéﬁaglg %Bﬁfst%agf@l}om the
optical assemiblyeftésifameramie taropg caWwatemdkgHanget apesatinn; e ped dtoissgdstactisd from

the wafer table. 404 and held first clamp 4 aintajn the immersjon fluid 412 between the
optical assem lrf%%%gﬁﬁﬂlé)ﬁbg%gl%é%ﬁg v{vgggfzgg%%%ﬂ%se §?Patp15%‘63enr{1§ gggee%ﬁ)@nol?sl\{ggplanar
with a surfacemfrtérsioaideid(8.2T hiz phd W26 hetdlom &5 dheravaier ttable o ajstehad 3 ftabugper

surface which; ith the ers e of the wafer table 404 gnd the.waf face
Therefore, thgﬂlgmar%%%?ogﬁlgg? if&%ﬁ% \R/%#Jegiﬁo 1({}5% g%nf]e&/%)d S%ee?nt%%eo‘ﬁ |(%I%E{seeséjrltgbéﬁlf'i1 r\5%thout
the immersiothguitide 3Rmgwiilvatheusrensbodimnis, 3102 bldmpstid? 8 pinthl43Geablpel vaouwesclamps,

magnetig; eleg&?,-géﬁl%g g;a%t;?mgigéljr %)dbtﬁge%ﬁ glglgtrated in Figure 4A, the pad 426 is positioned

on the wafer table 404 during exposure of the Wafer 408. The second clamp 430 is used to hold the
pad 426 in pldde ommtrrsiabldlu@idcdatimg et wastme J2dsine Dainmg s Wafemexakamgdud Blidtrated in

Figure 48, theyyafersable 404 e Jo JURIR S AR AR SHT RS Pa364spRsitioned
under the optical assembly 16 i
wafer stage 306) and the pad 326 are movable separately. Therefore, the wafer table
304 1s movable freely while the immersion fluid 312 is maintained in the space between
20  the pad 326 and the optical assembly 16. In various embodiments of the invention, the
control system 330 may be a separate control system or it can be integrated into the
control system used to control the motors 322 for positioning the wafer stage 306 and
wafer table 304. Vertical position and/or tilt of at least one of the wafer table 304 and
the pad 326 may be adjusted so that the wafer table surface is coplanar with the pad
25  surface, before the wafer table is moved out from under the optical assembly 16. The
operation, in which the wafer table 304 is away from the optical assembly 16, is not
necessarily limited to a wafer exchange operation. For example, an alignment
operation, a measurement operation or other operation may be executed while

maintaining the immersion fluid 312 in the space between the pad 326 and the optical
30 assembly 16.

Referring to Figure 4A and 4B, two cross sections of an immersion lithography
machine are shown. The lithography machine 400 includes an optical assembly 16 and

a stage assembly 402 that includes a wafer table 404 and a

11



place of the wafer 408. When this occurs, the second clamp 430 holding the pad 426 to the wafer
table 404 is released while first clamp 428 clamps the pad 426 to the optical assembly 16. As a result,
the immersion fluid 412 is maintained under the optical assembly while the wafer 408 is exchanged.
After the new wafer has 5 been aligned, the wafer table 404 is moved in the direction opposite arrow
432 so that the new wafer is positioned under the optical assembly. Prior to this motion, the first clamp
428 is released while the second clamp 430 again clamps the pad 426 to the wafer table 404. In this

embodiment, the Wafer 15518 484 iSheeuferiabiafdinironie pad e s rpebaipaig APt eriatclamp
428. 10In various @hdpogimaestsytiie pigesatianidn whidptiaal pas4atls tampaddpyitbarfiestalamp 428,
is not limited to o r h operation., i ti measurement operation,
or any other oper%%/%%}?:{%%beg@%%ﬁéﬁg v%%ilggt e ﬁ#ﬁ%ﬁ%ﬂeﬁig% %?g[:%glrﬁell & {‘ljanrﬁqéogéce
between the opticHlagserRbHite4dRdMpB iR aa16 eRinRsEd thy tWafarstQGanms 428 Iawss, eSS clamp

428 can be providegien sefeams § ahathrssigsit mmbarwaqﬁe&@&amﬁg@g@@mbﬁerovidekﬂ on
the wafer stage 4 e pad 426,can b Id on a movable me other haneItC? stage assembly
402. Figure 5A an%(é%éageatwa 5 loaderﬁ’{ga??\%g rc‘h#‘Il Nt &E’%@@i%%@@gﬁ [ ﬁ%é?ar%%\ﬂ/esystems

op down VIEWS O Stag i)
according to otheﬂ‘@ﬁ?ﬁ&ﬁﬁ“@&@df‘ﬁw‘é@éé@@ ifGdsignreplice0ttwétbasiecend cuaferanthispieration of

the twin stage lithagreppysayatestsy seevdfePaiert Mo 36X4556 zﬂ@dm%raaWbMQh@,@%ﬂem?- As
far as is permitte e disclgsuyres in US Patent No, 6,262,796 and US Patent No. 6,341,007 are
incorporated hergﬁnﬁ% %%ér%?]}é(saeﬁﬁ%ﬁyh %%BS%?&%nwtﬁeé naclllt?%ﬁ?/\v”a e %ﬁgé Wg’ﬁ %’%d"@\gZ are
shown. Motdfs 5634 1B AR BE sheifbanmenivec! 420, and then positioned under the

optical assembly 16 as iliustrated in the Figure 4A.

The immersion lithography machine 400 also includes an immersion fluid
containment system 424 that is configured to maintain the immersion fluid 412 in
the space below the optical assembly 16 while the wafer table 404 is away from

15 under the optical assembly 16. The immersion fluid containment system 424
includes a pad 426, a first clamp 428 provided on the optical assembly 16 and a
second clamp 430 provided on the wafer table 404. When the immersion fluid
412 Is between the oplical assembly 16 and the wafer table 404 (or the wafer
408), the pad 426 is held by the second clamp 430 in place on the wafer table

20 404, When the wafer table 404 is away from the optical assembly 16, for example
during a wafer exchange operation, the pad 426 is detached from the wafer tabte
404 and held by the first clamp 428 to maintain the immersion fluid 412 between
the optical assembly 16 and the pad 426. The wafer table 404 has a flat upper
surface which is coplanar with a surface of the wafer 408. The pad 426 held on

25  the wafer table 404 also has a flat upper surface which is coplanar with the upper
surface of the wafer table 404 and the wafer surface. Therefore, the immersion
pad 426 and wafer 408 can be moved under the optical assembly without the
immersion fluid leaking. In various embodiments, the clamps 428 and 430 can be
vacuum clamps, magnetic, electro-static, or mechanical.

30 As best iltustrated in Figure 4A, the pad 426 is positioned on the wafer table
404 during exposure of the wafer 408. The second clamp 430 is used to hold the
pad 426 in place on the table 404 during the wafer exposure. During a wafer
exchange as illustrated in Figure 4B, the wafer table 404 is moved in the direction
of arrow 432 so that the pad 426 is positioned under the optical assembly 16 in

12



25 stages VVS1 and WS2 in the horizontal directions whereas motors 504 are used to move or
position the stages WS1 and W52 in the vertical direction. The motors 502 and 504 are used to
alternatively position one stage under the optical assembly 16 while a wafer exchange and alignment
is performed on the other stage. When the exposure of the wafer under the optical assembly 16 is
complete, 30 then the two stages are swapped and the above process is repeated. With either

configuration, the YalolpREneNBR!S NS SRENLIRLAR 18 AP RG MR RIS BRI In the

gap under the optFl)ca 6 as descri and illustrated above with regard to Figures 2 through

assembl
4, can be used wﬁﬁ%tm%ﬁtméﬁé&@ AdigeinesrdwitterEBpiciama SFRTdRMREASP & B for
example, each wiiteh sfagieaShiandaS\WL HiRitheEipeemionrioll ¢ap iseraintified tmirglude a pad

R L
5 been aligned, the wafer table 404 is moved in the direction opposite atrow 432 so
that the new wafer is positioned under the optical assembly. Prior to this motion,
the first clamp 428 is released while the second clamp 430 again clamps the pad
426 to the wafer table 404. In this embodiment, the wafer table 404 is freely
movable while the pad 426 is clamped by the first clamp 428.

10 In various embodiments, the operation, in which the pad 426 is clamped by
the first clamp 428, is not limited to only a wafer exchange operation. An
alignment operation, a measurement operation, or any other operation can be
executed while the immersion fluid 312 is maintained in the space between the
optical assembly 16 and the pad 426 clamped by the first clamp 428. Also, the

15 clamp 428 can be provided on the frame 12 or other support member, and the
clamp 430 can be provided on the wafer stage 406. The pad 426 can be held on
a movable member other than the stage assembly 402.

Figure 5A and 5B are top down views of two different twin stage immersion
lithography systems according to other embodiments of the present invention. For

20 the basic structure and operation of the twin stage lithography systems, see US
Patent No. 6,262,796 and US Patent No. 6,341,007. As far as is permitted, the
disclosures in US Patent No. 6,262,796 and US Patent No. 6,341,007 are
incorporated herein by reference. In both embodiments, a pair of wafer stages
WS1 and WS2 are shown. Motors 502 are used to move or position the two

25 stages WS1 and WS2 in the horizontal directions whereas motors 504 are used to
move or position the stages WS1 and WS2 in the vertical direction. The motors
502 and 504 are used to alternatively position one stage under the optical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical assembly 16 is complete,

30 then the two stages are swapped and the above process is repeated. With either
configuration, the various embodiments of the present invention for maintaining
immersion fluid in the gap under the optical assembly 16 as described and
fllustrated above with regard to Figures 2 through 4, can be used with either twin
stage arrangement. With regard the embodiment of Figure 2 for example, each
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optical assembly 16. The pad 326 is movable separately from the_ stage SW1 and 5 SVV2._Dur|ng the
time when stage SW1 and 8W2 are to be swapped, the pad 326 Is moved to unde_r the op_tlcal
assembly 16 to maintain the immersion fluid 312 below the optical gssembly 16. Finally with the
embodiment of Figure 4, a detachable single pad can be used._ Durlng_ the time when stage SVV1 and
SVV2 are to be swapped, the pad 426 is used to maintain the immersion fluid in the gap 10 as
illustrated in Figure 43. On the other hand during exposure, the pad is clamped onto the wafer table on

the wafer stage thal'Ma&iRgeeRPbs80d AR LhwithreFigy 2 sAidiB pa be mewstifiatiftor itrmiutieoastages
WS1 and W52. Altperaielyndia dagseitesshalenaibe PRECRGS@ES RRLAISORAERS B ihs pad.

i i ' in,stage lithogra 15 machine illustrating one
embodiment of pract P prase i i, Stof I SRR T O SNRSOHIER % FHiREroRe
lithography system’8BeRIRSRRIBRIIE stifered B2mis seevaitestagerad, Fim thostagediteambved in
the X and Y difecti8kg2bipuring the time when stage SW1 and SW2 are to be swapped, the pad 326
Is maved to under the optical assembly 16 to maintain the immersion fluid 312
below the optical assembly 16. Finally with the embodiment of Figure 4, a
detachable single pad can be used. During the time when stage SW1 and SW2
are to be swapped, the pad 426 is used to maintain the immersion fluid in the gap
10 as illustrated in Figure 4B. On the other hand during exposure, the pad is
clamped onto the wafer table on the wafer stage that is being exposed. In this
manner, only a single pad is needed for the two stages W81 and WS2.
Alternatively, as described below, the second stage can also be used as the pad.
Referring to Figure 6A, a top down view of a twin stage lithography
15 machine illustrating one embodiment of practicing the present invention is shown.
In this embodiment, the immersion lithography system 600 includes first stage 604
and second stage 606. The two stages are moved in the X and Y directions by
motors 602. In this embodiment, the stages 604 and 606 themselves are used to
contain the immersion fluid in the gap. For example as shown in the Figure, the
20 first stage 604 is positioned under the optical assembly 16. When it is fime for the
work piece to be exchanged, the motors 602 are used to position the second
stage 606 with a second work piece adjacent the first stage 604. With the two
stages positioned side-by-side, they substantially form a continuous surface. The
motors 602 are then used to move the two stages in unison so that the second
25 stage 604 is position under the optical assembly 16 and the first stage is no longer
under the optical assembiy 16. Thus when the first work piece is moved away
from the optica! assembly 16, the immersion fluid in the gap is maintained by the
second stage 606 which forms the substantially continuous surface with the first
stage. In various aiternative embodiments, the second stage 606 could also be a
30 “pad” stage that contains a pad that is used to maintain the immersion liquid in the
gap while a second work piece is being placed onfo the first stage 604. Similarly,
the motor arrangement shown in either Figure 5A or 58 could be used.
Referring to Figures 6B-6E, a series of diagrams illustrating a work piece
exchange according to one embodiment of the present invention is illustrated.
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motors 602. In this embodiment, the stages 604 and 606 themselves are used to contain the
immersion fluid in the gap. For example as shown in the Figure, the 20 first stage 604 is positioned
under the optical assembly 16. When it is time for the work piece to be exchanged, the motors 602 are
used to position the second stage 606 with a second work piece adjacent the first stage 604. With the

two stages positioned. side-by-side, they substantially form a continuous surface. The motors 602 are
then usod 10 OV GH SR GRSHHSS AT T SaRie B STRE Sba S oN G er the
optical assemlily d&@nbisthgelF686 stagmisanCoomg@ktiacey thifaoptigal asseatilyt $hglla0s wihirn the first

work piece is moved away from the optical embly 16, the immersion fluid in the gap is maintained
by the second S GG ok e Hhi S DRI AR S RIAES Wit G T SPSIBEE In
various altern&tiée sgmbioidimaé nis]¢hthsegoinal akageblga6 eould also be a 30 "pad” stage that contains a

Lo USRI IV bl A seopns etk e g place

|
onto the first s age . lar e mot% I
used. Refdrsihegstol igred 68FogyrasselieadbéDiadeawms Hugtadpaadverk piecriexchange

according to one.embodiment of the present invention.is jllustrated. Figure 6B shows a wafer on
Stage 604 ot S e e EH Dol L0t b S oS PO Do
immediately adjacasiymithidha firstgatagh 6bd ambletithenogicahagseraliyd &agighle R shdws a
transfer taking,place,i.€., the second sta 06 is positioned under the optical assembly 16. 5Finally,
in Figure 6E, %%Qegﬁr(se{ }%%%tgggosﬂ(f‘év?ﬁig\riecﬁvc\%é ?rsct))rgnathwé) %2 i%egieggasgeeng%@oi%f%\gso%%st illustrated in
Figures 6C and 6D, the two stages 604 and 606 provide a continuous surface under the ogtical

assembif 16 during AR ¥R sk RsRih g arrei hedhibeisnthe Rpthodiebsapads #e @HBbeiment

shown, the sesafidfsiage i Rl stageat isstaaeI awe eeeatidaalsn e anwkpiece stage
as noted above. 10In the various emhodiments described above, the pad can be made of a humber of

different mateiPAISISER Lttt antr dinety prhastierprasasistelintsinag e nd abaebowitbeefion

according to etifficemhedinenite ke saapltheynad alsa-siiould e, suffigieptteover the area
occupied by the immersio quid%éHSthe various embodiments described above, the surface of the last

optical elemeREBPIRHTHAsPIBaLARMI tis RUeskehiy iepiifrthelerRmminidisonisihent,

preventiryy theskemaliae is constantly under immersion fluid environment, preventing the formation

of a fluid mark (e.g. "a water mark™).

Semiconductor wafers can be fabricated using the above described systems, by
the process shown generally in Figure 7A. In step 701 the work piece's function and
performance characteristics are designed. Next, in step 702, a mask (reticle) having a

20  pattern is designed according to the previous designing step, and in a parallel step 703 a
wafer is made from a silicon material. The mask pattern designed in step 702 is
exposed onto the wafer from step 703 in step 704 by a photolithography system
described hereinabove in accordance with the present invention. In step 705 the
semiconductor work piece is assembled (including the dicing process, bonding process

25  and packaging process), finally, the work piece is then inspected in step 706.

Figure 7B illustrates a detailed flowchart example of the above-mentioned step
704 in the case of fabricating semiconductor work pieces. In Figure 7B, in step 711
(oxidation step), the wafer surface js oxidized. In step 712 (CVD step), an insulation
film is formed on the wafer surface. In step 713 (electrode formation step), electrodes
30  are formed on the wafer by vapor deposition. In step 714 (ion implantation step), ions

are implanted in the wafer. The above mentioned steps
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of a fluid mark (e.g. "a water mark"). Semiconductor wafers can be fabricated using the above
described systems, by the process shown generally in Figure 7A. In step 701 the work piece's function
and performance characteristics are designed. Next, in step 702, a mask (reticle) having a 20pattern is
designed according to the previous designing step, and in a parallel step 703 a wafer is made from a
silicon material. The mask pattern designed in step 702 is exposed onto the wafer from step 703 in
step 704 by a photolithography system described hereinabove in accordance with the present

invention. In step 0% te! $dAE SRR REEBFRBR MR iERS decuisre AR WG tREPaRSH Prabdss,
bonding process 2&utigeiskagizcapeachstypfaratlydie twprsqiesagsdhgreinspected in step 706.
Figure 7B illustrates a dgtailgd flo texa of - ioned step 704 in the case of
fabricating semiconduct%?aw%%jﬁnpigge : Ir%ig%%s 98ng§°§§3§¥§11 oﬂéﬁaﬁgﬁ step \%hné%v}\‘/g?géa gsurface is
oxidized. In step PIONCSASSHSPYean MAARRI RTIBIRSPhethe falminarerstpracessingtsirre 3

(electrode formatiar: sigppneierifodesidgarssigroastsngheyvatesldy vapopisirprsioroiaAlen 714 (ion

mplantation steplgns A& pRIANed P WAl Ehe ApYe Ieptionss slens, ri Lol 4fam the
preprocessing steps for wafers during'wafer processing, an sIEction i ade at each step according
to processing reqfiYfgnestioned esppiigaytoriRatelspioed deitigneieiheherawbveitaendbaed
preprocessing steﬁaéh’a(vgtible?ItbCa)Wéﬂ@tedh&iﬁirﬁoﬂ!éwif'ﬂ@W@ﬁv@f@&ﬁ@ﬁfﬁaﬁ@ﬁ%&@@eiﬁnﬁ%@emed-f
During post-proce, %i&gel i gai 415 toresist formation st otoresist is.applied to a wafer.
Next, in step 716 gexposuée s‘lt%BSS},? ﬁ]%%i)é@%i#gﬁwgn%%p?kgggar%ﬁ‘v%r%%}égg@su ?Jl e'ﬁgrﬁ%{ﬁgfer the

circuit pattertPof 45¥RRSeH dTRIRY 30 SRgRY ardidRMPYRsh M PiGhiNg opingtete pf AHB Gt wafer is
developed, and inestepal 3&:(tchingstepy pastsetharthaginegdal phniaresisthe(eyposed material

surface) are removed by gtehing, JPeR-FOARNSIAIES it§§r repetition of these preprocessing and
post-processing steps.
While the particular lithography machines as shown and disclosed herein is
15 fuily capable of obtaining the objects and providing the advantages herein before
stated, it is to be understood that it is merely illustrative of the presently preferred
embodiments of the invention and that no limitations are intended to the details of
construction or design herein shown other than as described in the appended
claims.
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removal step), unnecessary photoresist remaining after etching is removed. Multiple circuit
patterns are formed by repetition of these preprocessing and post-processing steps. While the
particular lithography machines as shown and disclosed herein is 15 fully capable of obtaining the
objects and providing the advantages herein before stated, it is to be understood that it is merely
illustrative of the presently preferred embodime@sAf e invention and that no limitations are intended
to the details of construction or design herein shown other than as described in the appended claims.
CLAIMS 1. A liquid immersion exposure apparatus in which a substrate is exposed to an exposure
beam, the appatatusgormpriging: i rareoglicah meypes uine subpipatedirisg exposeie the axposure
beam via thg ptical member and an immersion liquid in a gap between the gptical member and the
skl % i i

substrates,u 'BVEr n{e?nbeeﬁpa%ﬁdja sh?facgpwh%ﬁqg% Sftion Bf"ér%ppc} Sto?lqg%[)ﬁ eH%nember,

the surfacewpthescavger member repelling the immersion liquid; and a substrate table on which the

substrate is heI%ﬁlnd Wmch IS mﬁ\é%%lsrrelat{vlgeto tsh b%qtlrcg\{ me ewh%rglendaft{egcompeletmg the

er
exposure of the subquate,Ct%e cover member is positioned under t%eno%tica)f ember In place of the
substrateesyubsthae theesamniave af theeovgt meaibensndygosikath the optiva meember. i quixl The
apparatus accordi lajm 1, rejp.duri itio ir [ ich the substrate is
under thepoﬁpt%caqié rﬁgr%gﬁt%g ar\jr scial\ict'z)gngJ Ettgt_eé ﬁwpwm{%:ﬁgtﬁg c%ggrninﬂeént%@gtﬁa g;gshe optical member in
place of the sultrey e iMBEISIoN hQyd g maintaliddane spabé eiddrahepostidal afeaber. 3.
The appaygliisagaording tq glaim g, whexein indhe iansitigps the Goyercmergper apd the sybstrate

table are moved together in a state'in which the cover member and the substrate table are adjacent to
each othéenbers rereippdrbitdseecordiBg 6 erimi 3 witkrensbsitional relation between the surface

of the cover megbef gg f sHEace-|tae PSS daple; if@digsisdpatne rpesitioa: 4 and

which is novable relative to the optical nenber,

wherein after conpleting the exposure of the substrate,
the cover nenber is positioned under the optical nenber in
pl ace of the substrate such that the surface of the cover
menber is opposite to the optical nenber.

2. The apparatus according to claim 1, wherein during a
transition froma first state in which the substrate is under
the optical nenber to a second state in which the cover nenber
is under the optical nenber in place of the substrate, the
imrersion liquid is maintained in a space under the optical

menber .

3. The apparatus according to claim 2, wherein in the
transition, the cover nenber and the substrate table are noved
together in a state in which the cover nenber and the

substrate table are adjacent to each other.
4. The apparatus according to claim 3, wherein positional

rel ati on between the surface of the cover nenber and a surface

of the substrate table is adjusted for the transition.
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5. The apparatus according to claim 3, further comprising an alignment system disposed away from
the optical member in a direction, wherein in the transition, the cover member and the substrate table
are adjacent to each other in the direction. 6. The apparatus according to claim 5, wherein the
cover member is positioned substantially at an opposite side of the alignment system with respect to

the substrate table duringappar@ogereaeidbe guhgtrate. cl a|7mTBe apparaies aeeHgingspeipim 2,
further comprrT1 a movrng gstem hich moves the cqver me er separately from the substrate
Fh VeI

table. Mty t%pétél?ﬁj?a\mgren{ fHa :15 tr(aPe tts |snr’ﬁ899r5le ana"i‘/ from

under thelpptesl wrmembemwhem the eovelianembesistpasitjonebainciev #re optidad meanlertbyethe
moving s apparatus accordlng to claln}g g ther comeprgsm% a staEA assembly which

includes ‘étg Lﬁtfs?rta‘?e ta‘%ti Swhtrei r‘i"1 SESEY rhémBaF &d bynh 'dssk bc?y 10. The

apparatus according to clarm 9 whereln the cover member is provided on the stage assembly. 11.
The apparatusaccording t further com rlsin : frr haldin stem which deta hably
holds the covera%errfbg? § a’ussecgng ggsys?em r&]] t%OIds ée/ c%overl\{rir‘rqember Which is
released imi éte first iwdingi syseam, wlbarbanﬂleaﬂdrﬁacatof te cyveosidmbeyilaed by tHehsecond

holding syp{ #Paﬁe?ﬂs'“é’s{ggt’éﬁd%tt‘ optcal mamaey. 125J6‘§t%p§f2é E%BF%OVQJQIrst laim

11,further comprising a stage assembly which includes the substrate erein the lding
system holtis espever Medhbdrh felssdist frétnethe second holding system, on the stage assembly.

7. The apparatus according to claim 2, further conprising
a noving system which noves the cover nenber separately from
the substrate table.

8. The apparatus according to claim 7, wherein the
substrate table is novable away from under the optical nenber
when the cover nenber is positioned under the optical nenber
by the noving system

9. The apparatus according to claim 1, further conprising
a stage assenbly which includes the substrate table, wherein

the cover nenber is noved by the stage assenbly.

10. The apparatus according to claim9, wherein the cover

menber is provided on the stage assenbly.

11. The apparatus according to claim 1, further
conpri si ng:

a first holding system which detachably holds the cover
menber; and

a second holding system which holds the cover nenber
which is released from the first holding system wherein the
surface of the cover nenber held by the second hol ding system

is positioned under the optical nenber.

18



13. The apparatus according to claim 1, wherein the surface of the cover member is coated with
Teflon. 14. The apparatus according to claim 1,further comprising a stage assembly which includes
the substrate table, wherein the stage assembly includes another substrate table. 15. A liquid
immersion exposure method in which a substrate is exposed to an exposure beam through an
immersion liquid, the method comprising: providing the substrate, held on a substrate table,
opposite to an gptical ing the substrate on the substrate table away from under the

r;c)ll mber; movin ‘f | :ﬁ% ‘
optical member-dfter c ﬁletir?d)ﬁ‘faer ﬂb%urea&%é 'uBgtraté;oandC alp'g‘siti ing a CB(/Elhl%rémber
under theopticdl shergber istiaee efstheravibgtratel sichithal adedacdof themsveanenlzdylis,

opposite to the optic Imemfer, herein the surface of the cover member repels the immersion
iquid. 26! Th motiBd ddcbRing 19 cLiSLs, YREM UGS Aok PS5 a A LEte in which
the substrateaa sieadef thenofitical secdred thal sticogd syate emyvharh theeoseagendss esrahger the
optical member in place of the substrate, the immersion liquid is maintained in a space under the

optical member. 17. The method according to claim 16, further comprising moving the cover
member and thd 3ubsffae tabiptogathes inacstatedinnghichahe dogemmembeméed densubbdieate table

are adjacep o,eachpthandn (g kpnsme, ; 18cHi6 mipthad Acqaugling o claim 17, wherein
positional relation between the surface of the cover member and a surface of the substrate table is
adjusted for the transition. 19. The method according to claim 16, wherein in the transition, the

substrate table @moveﬁ@ us%p%sass%{ggyr@]dn@e CPYEr mambey, is Tpvedfw tely from

the substrate table by using a moving system. 20. The method according to claim 16, wherein in
the transRi@APHeSs U rateS tad¥LisFRe @S by ushigtdstageldsdemblyianauRs tbaéemeaet is also

moved byihg gfagerassesibiye assenbly incl udes anot her substrate tabl e.

15. A liquid imersion exposure nmethod in which a
substrate is exposed to an exposure beam through an immersion
liquid, the nethod conprising:

providing the substrate, held on a substrate table,
opposite to an optical nenber;

nmoving the substrate on the substrate table away from
under the optical nenber after conpleting the exposure of the
substrate; and

positioning a cover nenber under the optical nenber in
pl ace of the substrate such that a surface of the cover nenber
is opposite to the optical nenber,

wherein the surface of the cover nenber repels the

i mrersion |iquid.

16. The nethod according to claim 15, wherein during a
transition froma first state in which the substrate is under
the optical nenber to a second state in which the cover nenber
is under the optical nenber in place of the substrate, the
imrersion liquid is maintained in a space under the optical

menber .
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21. The method according to claim 15, further comprising: releasing the cover member from a first
holding system; and holding the cover member released from the first holding system by a second
holding system so that the surface of the cover member is opposite to the optical member. 22.
The method according to claim 15, wherein the surface of the cover member is coated with Teflon.

23. A device marufaciugncnietivtl, godprigingg  heldingaa suhBrate antehsubstiatmpiabig iggbe

opposite to an o tic%l member in a space undéer the opticgll member; exposing the sHubstrate through

an immefS fiﬁjia; € Crﬂ)ﬂ@i%grfﬁ GhstPE oh l'fﬁe sY SQTFE;{télttgblé% a?/ N9 EhOEf th'erbp?ical

member gftert eonpletinigi tok expesusotihe sehbisate,aantl t h@ositibking & eoveablegnbar ender the

optical member in place of the substrate.such that a surface of the cover member is opposite to the
aerent Do 3 heovtient

u
optical m 5erEM Wlershit eof filce' 3t the Tovd AR Be?ri’epels the immersion liquid. 24. The
method according to claim 23, wherein during a transition from a first state in which the substrate is

under the optical mmember t econd state in which the cover member is positioned.under the optical
member in placa‘eug:c t%gub%?a%eq(?he f?ﬁ%ggsligrgligu?d ?é.l r%bmtarﬁllr?éd i\ll\héé %ngcéo §rglclj%rl t%g%)fptical
member.r el a2%.orhedeieteehatdoediag td atémat4, Wiereinke sobsibae iadciddes asefmesnductor

wafer. ot the substrate table is adjusted for the transition.

19. The nethod according to claim 16, wherein in the
transition, the substrate table is nobved by using a stage
assenbly and the cover nenber is noved separately from the
substrate table by using a noving system

20. The nethod according to claim 16, wherein in the
transition, the substrate table is nobved by using a stage
assenbly, and the cover nenber is also noved by the stage
assenbl y.

21. The nethod according to claim15, further conpri sing:

rel easing the cover nenber from a first holding system
and

hol ding the cover nenber released from the first holding
system by a second holding system so that the surface of the

cover nmenber is opposite to the optical nenber.

22. The nethod according to claim 15, wherein the surface

of the cover menber is coated with Tefl on.

23. A devi ce manufacturing nethod, conpri sing:
hol ding a substrate on a substrate table to be opposite
to an optical menber in a space under the optical nenber;

exposi ng the substrate through an i mersion |iquid;
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nmoving the substrate on the substrate table away from
under the optical nmenber after conpleting the exposure of the
substrate; and

positioning a cover nenber under the optical nenber in
pl ace of the substrate such that a surface of the cover nenber
is opposite to the optical nenber,

wherein the surface of the cover nenber repels the

i mrersion |iquid.

24. The method according to claim 23, wherein during a
transition froma first state in which the substrate is under
the optical nenber to a second state in which the cover nenber
is positioned under the optical mnenber in place of the
substrate, the immersion liquid is maintained in the space
under the optical nenber.

25. The nethod according to claim 24, wherein the

substrate includes a seni conductor wafer
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