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| MVERSI ON FLUI D I N A GAP ADJACENT AN OPTI CAL ASSEMBLY 15 RELATED

APPLI CATIONS This application clains priority on Provisional Application
Serial No. 20 60/462,499 filed on April 11, 2003 and entitled "Landi ng Pad
for Imersion Lithography”, the contents of which are incorporated herein

by reference for all purposes. BACKGROUND 25 Li t hogr aphy systens are
commonly used to transfer inages froma reticle onto a sem conductor wafer
during sem conductor processing. A typical |ithography systemincludes an

optical assenbly, a reticle stage for holding a reticle defining a pattern,
a waf er stage assenbly that positions a sem conductor 30 wafer, and a
measur enent systemthat precisely nonitors the position of the reticle and
the wafer. During operation, an imge defined by the reticle is projected
by the optical assembly onto the wafer. The projected inmage is typically
the size of one or nore die on the wafer. After an exposure, the wafer
stage assenbly noves the wafer and anot her exposure takes place. This
process is repeated until all the dice on the wafer are exposed. The

wafer is then renoved and a new wafer is exchanged in its place.

APPARATUS HAVING AN IMMERSION FLUID SYSTEM
CONFIGURED TO MAINTAIN IMMERSION FLUID IN A GAP
ADJACENT AN OPTICAL ASSEMBLY
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RELATED APPLICATIONS

This application claims priority on Provisional Application Serial No.
20 60/462,499 filed on April 11, 2003 and entited “Landing Pad for Immersion
Lithography”, the contents of which are incorporated herein by reference for all

purposes.

BACKGROUND

Lithography systems are commonly used to transfer images from a reficle
onto a semiconductor wafer during semiconductor processing. A typical
lithography system includes an optical assembly, a reticle stage for holding a
reficle defining a paftern, a wafer stage assembly that positions a semiconductor

30 wafer, and a measwrement system that precisely monitors the posifion of ti.}e
reticle and the wafer. During operation, an image defined by the reticle is
projected by the oplical assembly onto the wafer. The projected image is typically
the size of one or more die on the wafer. After an exposuie, the wafer stage
assembly moves the wafer and another exposure fakes place. This process is



| mrersion |ithography systens utilize a layer of inmmersion fluid that

conpletely fills a gap between the optical assenbly and the wafer during
the 5 exposure of the wafer. The optic properties of the imersion fluid,
along with the optical assenbly, allow the projection of snmaller feature
sizes than is currently possible using standard optical |ithography. For
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Af ter exposyidhlematic 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 overali 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 disclosed. The apparatus

2



5 of the work piece is conplete, an exchange system renoves the work piece
and replaces it with a second work piece. An immersion fluid systemis
provided to maintain the imersion fluid in the gap when the work piece
tabl e noves away fromthe projection |l ens. The gap therefore does not have
to be refilled with imersion fluid when the first work piece is replaced
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Figure 3 is a flow chart that outlines a process for manufacturing a work

pi ece in accordance with the Br esent invention; and
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 top 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 5B are fop down views of two different twin wafer stages
according o other embodiments of the present invention;
Figure 6A 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 nore

detail. 30Li ke reference nunbers refer to like elenents in the draw ngs.
DESCRI PTI ON Figure 1 is a schematic illustration of a |ithography
machi ne 10 having features of the present invention. The |ithography
machine 10 includes a frame 5 12, an illum nation system 14 (irradiation

apparatus), an optical assenbly 16pmsdmgibiehg Stage assenbly 18, a work
pi ece stage assenbly 20, a neasurenment system 22, a control system 24, and

a fluid environmental system 26. The design of the conponents of the
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the wafer 30 are novi ng _synchronou
machi ne 10 dBR1nERY Rage gﬁ 819l- *F‘@p@é‘wﬂdt yapba% qHtoolor tshogr aipby ssppstiey t hat
exposes thestra&tu.cél e 28 while the reticle 28 and the wafer 30 are

station In the step and repeat %r ocess, the wafer 30 is in a constant
positio reI at i V8 @otHembagiments ofgtha davaniienofbel idkogragyemitlyind G0ckani ng t he

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 reticle 28 is moved

perpendicularly fo an optical axis of the optical assembly 16 by the reticle stage

20  assembly 18 and the wafer 30 is moved perpendicularly to the opfical 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

256 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 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 refative to the optical assembly 16 and the

reficle 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



exposure of an individual field. Subsequently, between consecutive exposure
steps, the wafer 30 is consecutively noved with the wafer stage assenbly 20
30 perpendicularly to the optical axis of the optical assenbly 16 so that
the next field of the wafer 30 is brought into position relative to the
optical assenbly 16 and the reticle 28 for exposure. Follow ng this
process, thewafRges @Bughentt @bkicherclRivanes 1xe nko. the
fields of th§8wafer 30, éand ?hen t he next flﬂﬁgaﬁ%%%h%nﬁ%?%§ﬁﬂﬁg-ﬂ@ br ought
into positiofh”relative to the optical assenbly 16 and the reticle 28.
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the illum nation_system 14 above the nounting base 32. 15The illum nation
system 14 i ncl ud&Be apppiatumifiaatsi 02 sppocte B4 aordparrenid lofnthaaltheyiagit i cal
assenbly 36.madmel 10, UrhdabpsHans g Lra of i ght
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|11 um nat es iis@liRgioh epdiymdi4 dRK 8 e MBLAHRTsRM2t he reticle 28 and exposes

t he
15 The illumination system 14 includes an illumination source 34 and an

ilumination 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 ilumination source 34 to the optical assembly 16. The
beam illuminates selectively different portions of the reticle 28 and expases the

20 wafer 30. In Figure 1, the illumination source 34 is illustrated as being supported
above the reticie 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.

25 The illumination source 34 can be a g-line source (436 nm), an i-line source
(865 nm), a KrF excimer laser (248 nm), an ArF excimer laser (193 nm) or a F,
faser (167 nm). Alternatively, the ilflumination source 34 can generate charged an
X-ray.

The optical assembly 16 projects and/or focuses the light 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 28. The optical assembly 16 need not be limited to a reduction

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



20 wafer 30. In Figure 1, the illumnnation source 34 is illustrated as
bei ng supported above the reticle stage assenbly 18. Typically, however,

the illum nation source 34 is secured to one of the sides of the apparatus
franme 12 and the energy beamfromthe illumnation source 34 is directed to
above the reticle stage assenbly 18 with the illum nation optical assenbly
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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, linear motors utilizing a Lorentz
force to 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
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measur e l\f@@) 25? manl tors novement eretic er 30
relativ e5hPieE1 108 88 mhBiA. 920 and slgnaneschatenicApplication Didtibburiehi s

informati on,Not BE330RP4 Bl incuySdratet PArGR By ¢a8fdRL the reticle stage assenbly
18 to 25 preci sejr%e&?s ition the retlcle 28 and the work piece stage
assenbly 20 to ptaci"CaryeREel velsh £h&uilrey magememicof ders feginled?s arhbthe

measur ement wfe?t?é}me%ve aclﬂ theadsptlcaiFﬁseﬁWﬁB &r sroh% SRESE&GORIY ?j\ytﬁttﬁ@ 22 can

utilize mJI nlf eatlor?.rﬁ d he!r &[0 mét er% encoders, mrrors, 'St her
measuring devi c&s g 88 P ySesy R 2%“@&@%@*@@@%%%!7 fértot he
measur edent pegselymosition 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 controlf system 24 receives information from the measurement sysiem
30 22 and controls the stage mover assemblies 18, 20 to precisely position the reticle
28 and the wafer 30. Additionally, the contral 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 nover assenblies 18, 20 to precisely position
the reticle 28 and the wafer 30. Additionally, the control system 24 can
control the operation of the conmponents of the environnental system 26. The
control system 24 can include one or nore processors and circuits.

The environnental system 26 controls the environnent in a gap (not shown)
bet ween the opti cédle asgmmbleptal Gyaiagh B ecovmforr ti&Oenﬂ?hﬁamp iri)rgﬂg{é ef1caN

of " the “war er SRy I bR (1 ohlcB Sy 8 antilEe RRBR B ficw cludasoam of

| i ght ener gymﬁagtngaﬁeédi s Tlhetimeemg tfibiel matjdesatheas:eerdnﬂ}eweﬂtﬁtoamé refienifugs 30.

' the | magt ot Por R SREGOOPERT and iR ARt ER A BRbSR e b ioua | od | n
the gap by tinvelnivtweemthst apticglyassemb®6! & and tmr\yafacear dingihis desiddhenavaf er 30
and the dest @RiBhmERE! LR%m %6 LAGEABPAICINRGhlNR (hL IROGE ARG MR ne 10

including the 1llumnation syst or “exa
control | ed e¥fRsiredmRERNeemM Cb%afed sharod centediledsinvae elap KA therarsdron@kital t he

desi r ed Contsfy@te\'rﬁ‘gﬁ%EHNEF&%BH{I‘@ﬁayQﬁeQ\Q}%% ahd B @lsid dtlflc 200 B n 0%

I n various enbodi nents range from ht
bet ween t op EHFCABRIS ¥ U?Ehbthwﬁéﬁ‘y B@ching ‘110hé‘!C!Laiytg ptifudhatoheryetem of. t he

opti cal ﬁSSGTSNey{aﬂq@le lﬁé BeSRR SIRRBMIBRironhit @Y 1HOR TR &lchs%lsgv%@ 26 fills
thelmglngflg?%a\ he rest of the gap with an I mersi "The
desi gn of tH&® "‘?5ntﬁ‘§ﬁ?é‘Fe%Wréyﬁdz@VﬁﬁﬂmﬁﬁeC%b%mfﬂmﬁ oft fhed such

envi ronnent als $ysd.eh &R rerRdHte Ghe lhBp dhay ﬁn@@tffo%{@qmn??@ g {}1
envi ronmentraWa %YﬁB% 26, del ivers. and/ or i njects rmMersion fluid into the

gap using s 8stoP SUBEe: 8t Menweies 3§)p’t‘ﬂﬂgg§ laplopriiga! dlement ef thel s, etc.
and renoves dphieal bbssnblf iém t he gap using vacuum purrps sponges and the

| i ke. Thg design,o Vi I.0 menta stem 26 . For exanple, it
can inj tellgt t he |fr?n%‘r ‘%}’g (;P[inﬁ?td gte"&‘i@"’a%/ntﬁﬁyé:’gﬁ"bﬁéf \’%W@ IQpgipg figeand he gap.
Further, théha mstrcditom gfabumdt stysmemsmn flaglsi The idesihRBIVhe GndieH Ental
soavenging, WDsel ISk A8 bl o Py BRSPS sk Sl it ™ T
addi ti onal @éﬁeéﬁﬂtsemhodl@ﬁnf@uéh%rﬁnvwmnnemtaelsystysst easdelvens Bhomr Shjparl US
application FI uid Control
Syst e?n fil ﬁgﬁg#ﬁ%%%{? O%Aspegsé%é %pﬁfgﬂgiﬁt%@ﬁgf 'P%é TN RGT8Fst em and
\é\g ;: EO(F)« ggzsyzﬁjsr ﬁgtc W?Wﬁ t:::ft fuid Goapths' gapuusm;j »enummumpgcs'\%otagee .

and t eria
filed on Sept errbe’r 3, 20%% 99”2"35 57@4591%9@%%?%'%&0&%'\%@' t?é@f‘tt’he 'for
| mrer si on Litt9%8ghigshite fmmegioonfiym st waeyonmops turations ai ncoegothet gap. by
reference hen@idd, the immerdieh ﬁﬁtﬁ's?&eﬁwoca'ﬁ' &Jéfs% sr?ren?ovfrfgo /osresﬁéveQ'{&rq%ftOS .

nvention is

l'i t hography. machine illustrating one embodi ment presen
shown. The INTPHSGRIM 2haehich&FodocafipRs aties naaiolhe werk Me&ﬁalﬂye gépand a

stage agsenbhdofd &dd of B USRS asWalRy 1bable, 294 r e 206.
The wafer tabl.e 204 (F]%confl gﬁred to su{) ort arwa |@r{§gggt 0% Vaﬁo her type

of work pi eE&foumgal! (Hystegp iea Paadsionst yU§63P9ii‘fa@?ﬂﬁ 5@/ﬁﬁ%ﬁﬁal erﬂmgdem 26,
sur roundi ng linberae Lm@dgréét@emtbﬂdycéaﬁrol stefe dildOoS WRRI § Roan
i mrer si on flrﬂ'td 2\} g} hﬁﬁ? bet weegn t he waoek%zo ar?g éﬂﬁ;@?‘ig? opti cal
el eent of THUCH YT RGarst 769 WSk, Ging Byiere Feiemarsen byicsanri o,
| ncI udi ng aﬂwbemphpaﬂgeom@/&oeﬁz,er@ﬂé@h%[%eiééhdﬂgﬂ F@édo%twmhﬁ 93ls f220
. an ) nfigured to rendbve the wafer 208
on the g%f e@ % P@%‘ g%?‘éﬁ@c@%t W%ﬁlf’é%@@cﬁﬁ'&”%ff\e}zﬂeﬂﬁ%ﬁ for
typically aeeospbhditedgraphy” filed on February 2, 2004, all incorporated by reference
herein.
Referring to Figure 2, a cross section of a lithography machine ilustrating
one embodiment of the present invention is shown. The lithography machine 200
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10 using the wafer |oader 218 to |ift and renove the wafer 208 fromthe
waf er table 204. Subsequently, the second wafer (not shown) is placed onto
t he wafer chuck 218, aligned using the alignnment tool 220, and then

positi oned under the optical assenbly 16 on the wafer table 204. Wth this
enbodi nent, the wafer stage 206 includes an. immersion fluid 15 contai nnent

syst em 214 t hiatiudiess ateﬂtﬁdaguﬁﬁﬁutﬂWTH&hﬂltaaéta%é Eg%émglggg@astg ng},&k@%%@'unl Lge

gap adj acent optl

waf er exchang@ggﬁqg Hagy 2{3{% %B pafeidehie 28¢ 48 ’é‘?ﬁ@ﬂ!ﬂﬁdtncsluud@taa pad
222 that is aﬁhfacmft(ot raeywafeenypteain‘lxeorz%ceﬁuﬁu&pmretoﬁﬂ'@ﬂbé‘s%e% 16”%' dEd
bet ween t he Ragi n@‘g% étheg/@ rfqar& h . 1S used to supporyt

222. The waf et P€>'50. §§”81” t ﬁ[ﬁ’ﬁé?alsfﬁ’ﬁ?’aelé Wni%llﬂfﬁﬁdstowpb!anar

with a surd acedoeémoleimmedreion 20i8. 2 12Honpad Zphadlssh (MaSvael d@ o 1PRENSUr f ace
and 't he

whi ch is coplg u surface of the wafer table24
waf er surface% ! e\@ﬂeﬁ‘n %E%‘ (%Rarr Sﬁa'@gﬁa‘tﬁoﬁ:gﬂﬁ( PiRee fathange systemdibwith a
very smal | gmft(dmgga V@El‘&l’- agemP 18 ¢.¢t hatrobdtp antmar siigiinddtubsl 242 |'e5 govabl e

bet ween t he 25 th ut | eakin ring a
waf er exchan\gg&eécr? g\%éﬁeéeg)t g%ger%gg C%gﬂ'%lﬁgd i r{e‘\é'mﬁ?ée ‘?é‘@tf?"oépagméh?low%%

so that the Waieriaile 2o4 @&iﬂplmﬁddmimmmcondevaﬁ@t T isagsen laycdiplispe®! ace of
t he waf ergpt a i ntaining the
10t abkiRg %Qﬂwatgﬁlo%@x' MDY s I od.fe tHe \A%‘?eé%% f%gﬁe W?Ta‘f' %qg or

size of the flurd gap. t he newwa er has
stage i s novédt bﬁ%@eﬁﬁeﬁilﬂsfh@ﬁeg@mfhwafpbmw sbewm)ds iphatd oht hatva?@Lhiusk I enoved

30 f th f t I
asserbly 16, L yar ous Eireoorment o 285 Sl B85S dg e bl W hoRous!

adj acent t he®SREMBIY 163 heyientpbla 286 gap. Vertical position and/ or tilt of

he waf bl bi
the waf er ta e Wit mebﬂ)oaﬂiéﬂﬁtiﬂg Wil BRbe AR ngfgl@és fg4rrﬁnér¥ jg,e%'uts ‘rom

copl anar th tthen% g@ﬁg %Z l% efore the vvafer t
under thé opt CPRZINTMEOL BTN <16 hatik eonfighiadidg reaietaidhe emeesion fiie 2p2éh 222 and
the optical dsseabhdjackt the laﬁtoﬂﬂbéﬂeﬂ@ﬁbﬁtfbfkﬂésépt@aw@sﬁhbﬂ?(@%}ﬁg \gzgﬂ‘%;r ation.

The pad 222 &3 P‘h%él %g%r%nou n%l{nt ain the imersion f in the
space between the°pad A 8%?85‘9”5%&?%@94 ¥eluigsianppdaz2athiagnnent
operation or lSaad]mutf@rmwbrmw 304 (o] ¥ szu_inlgzabrttdwﬁserom{ %&ém@ bebwP g?t( Of ]E hteh
area occupi e e op, the upper surface o e
waf er tabloe %@&25 Gl tﬁ%%‘faerrrslrE ?('g)éi#];, é‘ﬁ?‘g?%ﬁ BRt g pag gg%sghééﬁé&tfﬁfon and a
top dowkQ/i efabst 2Ghbashefiat mm}af%dacd whiang appiynaragitri Q%uﬁﬁ@@b%@%éf@r anot her
"ol udes. an_ont gaf PEEEE allaRk BRubSer iRl wheS S bR 5 368 tphappemcl Udes
a waf er tabl 8r&pa oife \aaiﬁaﬂaéﬂe 204 ged Bo6waEheuradeer Thaphe 2304s hsasgal i gur ed
nosenbly 16, “Hac gt e Rt 0P WiRa bk Sufh i 5 e RSt eotrl y
16, is used {UNYEpPIKidadt? iemevable hebrasinothefwaled tadi 204 e tthe pgapobet ween
the waf o5 306t icklafo! itng ran%fe%&&@geeﬁ@wg gbol BBcontical L agsently

16. A work piece 15 exch ange system I nc I hg¥a €318 and

an al i gnment YIEE5BeN SBRTOMs 22BYa diatcllietrad @RBvie mdwlonaﬂannc{éﬁ&h@mpmb@ waf er
tabl e 304 angbse@BlyaGEini flad¥ bitnd i shed using
the wafer |oader 318 ltnoﬁ?ermve tﬁﬁaggpmggiem%%y?la—%,rrﬁ %319@8 or

Subsequent | yraipiiningtgridaned e fividoaars ndienthe sep Vaafedhmb@ert digneafwe chuck

318, al i gnedvassi ﬁggfé @Qn@}e!dgﬂﬁﬁ% ith @%m%%%snﬁﬂ ttﬂ&ﬂh@@%ggz%egegf”g rn:)[‘grs

opti cal 3 20 ,ass best illUustrate

322 are3fsed %ﬁ&?&% %SHBG §?%Qj’é‘ wafeapPyitions ey G onjicehssmablyriet ahl e 304
and waf er st»ageus?:&ﬁbbdn ene, degpaes29ls bit ration.

As not ed abg?@é&b ";nors 3 Zﬁcan beS aln&%&m notyg%%"ggédt@ﬁe ggﬁ i near

nmotors, rot o\,gﬁrte %lypqal Restigp @nd@[r(tﬁt 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.
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The i mersion |ithography machi ne 300 al so includes an imersion fluid 25
contai nnment system 324 that is configured to maintain the inmrersion fluid
312 in the space below the optical assenbly 16 while the wafer table 304 is
away from under the optical assenbly. The imrersion fluid contai nnent

t 3244 - a., and control system 330. The
oad 326 can'he noE Y REH AR BRI R2 e 2Pl SR 16 W e Emicisr

t abl e 204.juThe Wﬁéreexchaxhgeeol&@éndaﬁsrlﬁ ;deamz/lla@@fbefig f%g“f’c‘f;%ﬁ é&"}ﬁh@?taﬁ% IBhe

coplanar with a ﬁ?éﬁ he waf er 308. The
surface Mi%@l‘?lgn% 5rm £ sPe%seb S pper thaupad %Z@ﬁdtih‘eomlactaérassmﬂble ®04 and

the waf er ®imbagliglhent B8 o he X and Y directions using
t he not or 328Evvh| c is g%%ltroﬁl 3"12%‘?%@%8*0 err‘%)t?onsystem 330. The notor 328

can beSanyntthgse quf:ra;mn@raspﬁtsof/\ﬁbIar:aisodchplemiiyahs iBgRrsid 8uRpel BRAy g on

posi tione opti cal 16 when the wafer table 304 (the

waf er stag]égg%&gl? W?Wﬁﬁ?’f%ﬁ&%‘ghe optical assenbly 16. During a wafer
exchange, 5the wafer table 304 noves away fromthe optical assenbly 16.

Si mul t aneousl y Retfmngcbmlﬂg;ire §yxsa‘rﬂrﬁli§i3ﬂcrdw®@ti§n b€ a B 86w 28w 8f IR EePad

326 under Qpt i e replacing the wafer table 308. The pad
326 thus r"tél ai Sﬁ@“ lﬁg grﬂﬁﬁ’ é’i‘a&ﬁmlel BF9Tdne @i epather ﬁ@bgélplﬂmhdlfr thehprespiti cal

bl , | et
30, The Ve R LA DR R D00 P IRGE MR P J6 2B | 6.

At thé0 safiBee apasmbina0 dmt iudludasst enfed3dbldid0ecind af mferr@tage 3883TH® waldrr act

the pad 3 e reventin escape of the imrersion fluid 312.

In the vvafa B 56) Sacr@nggﬁ%g ‘?QPPIBH’ H‘%ﬁ?gﬁlg (81 213y, 8tehi YL vk Picdsr unddrer

t abl e 304t tm@ paahig36. Whidh 04 and
hmﬂ“ s g vRoRBth] %@%ﬂﬁ% ‘Cé)’gvﬁ% Ig%t’fﬁcgﬁicélaa%%e%tﬁ

t he pad 32€ whil e the imersion fluid ass
noves 15 betddes onwppkfad reatove neowrwd flule3 PPaftod2Be pipciwarrsd @afd| UI d

contal ne t S t ins imersion fluid 312 fromthe gap
during vva?éegr %ggct ang eé% {n'&k'tt ﬂ?maca e(%ﬁ tthe (gplicgpsspmpln |6 Aoworl piscaaf er

st age18B06yxchangd bﬁt@aomz@n@wngwwf@ m&@r@taebxd Ihﬁ h Ler
tabl e 304 i novabl e freely while the imersion a g@%gﬁﬁr&all dg?iﬁed in

the space“BeieREEo I%OY%@%’&Q}C@B% @hﬂlet\*‘nﬁeb‘@blec’é]"r mgepibtqatlzﬁth 4 Becoad i ous

enbodi meny gf.pf n m 330 ray arate
control systegg%?% %d&éa lge i n%‘%trh%&%%f irﬁ’tagé{r #11 JmOYF 1%‘3/%’?@% g@@n@o
control tihe waftorable33Rbdequenhsittid siond vidie: Wt %oﬁﬁ)&g%léﬂéﬁ o table
304. Vertlcagéggsmlon and/or tilt of at |east one of 'the wa er ta e 304

and the paBc rliEnsd ugie die alignseent fieq! 2Reandthen positivecd undeadhe bsticbpl anar
Wi th dohe fadhnbly 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
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25 surface, before the wafer table is noved out fromunder the optical
assenbly 16. The operation, in which the wafer table 304 is away fromthe
optical assenbly 16, is not necessarily limted to a wafer exchange
operation. For exanple, an alignnent operation, a neasurenent operation or
ot her operteitoanddydibetionevtingthambioe 3a8iviiah iy agtioed ibTEE shaifh .0 312
in the spa@@ %weetn ié‘i?ﬁ%abd 326 and. the optical 30assenbly 16.

Refetring 10 Fi'gdf¥°a PNy Ry rpelerssasc¢lbsthe matersidader si on

| i t hogr aphyh M ome s ah &t SAR@Mhd e I iLne 400 incl S..an
opti cal assedn%ay 16 %nd g stagggggsdgtn%%‘g El%gﬁtyfﬁgf& 1?‘%}0 ﬁ&éagerata%ﬁﬁgrﬁ e e
404 and a Waiar ¥reestgés 0@ frahandef tbe opaddl esstfrbly $6.cDafingunedet & cRARROTt a

waf er 408 t ype of wor i ece) under the optical assenbly 16.
An envigr or%&rﬁg(r)i’tagﬁwas@és?gmmﬁé‘% U Sﬂﬂgl?eﬁﬂ’tic‘ﬁ aséf)‘f“gé’all(’-asserrbl y 16, is used to
suppl y andimeimveusifybesionfof sydicch 412 dire@MidIB AP 408
and the | ower nost 5 opti ca<lj e)f!ement ofr thé optoi C?ﬁ:@‘é\g% é%%wk&\ﬁ/\%rk

pi ece excﬁ%‘h@%ﬂ SN 0, Tepbacing thy veafpatable BORBIC AdB 32 dnanrealihgirent
tool 420, jis L8 Hgﬂrﬁqagi\%léégggoé@ &Ja&&%fogg% O%egﬂ)&tﬁgsvvaf er table 404 and

replace it wth a secon his’is a ing the wafer | oader

418 to rerdie thdmewakénr MO8edy dipnthasmplies ali@iat 404 326Uhs sagNtblY 3ok he
i | aced onto the wafer 10 chuck 418, aligned

seconq waf er (not hogn is P ]

usi ng 't he 'SP Y961 the sptical assembbn [ 9o theaaw timddhe edmgrod pysteml330
assenbly Ffe@s thid bk | [RTeYPYs nahe immersion |ithography
machi ne 4(_)Oeal éo iﬁ%}rggggggér%&i&mnr%rlgh%%éf Ui &h%ggﬁ%rﬁ‘%’ﬁ{‘g 3?58?364%‘@%? hat is
conf i gur etmmersii fividi H 2t He thenwerfai cwhddgel apedition] thet dRBPARERSEOW SRS

optical agse il he r .table 404 is away from 15 under the
opti cal a§]se e“g%fe%//ta%% i/}’igfhaé%l tﬁ?ﬁ@?é\géﬁ with ¢ gmald genbsiresen thy wadntadd 3phehddes a
pad 426, sl pids82€| RAe 425 iRRRKIEIE BB LR GARY 162 lopfiSs STBLLE6; @ 2 second

clanp 430 provided on the wafer table 404. I'mer S FHR12 s
bet weth t htwepn thearaferstablediy ané thawhdt326. waf er tabl e 404 (or the wafer 408),

t he pad ' ld Ry. the. second clanp,430 in place on the wafer table 20
404. pvmﬁ?%éﬁf&%f“&n ﬁ%{fgl ey Sa%&g}ln?% ‘?Héalgﬁﬂﬁscfép IEREEHBN Juids 312 or
exanpl e diomnBeagipadeinexehanaenanel i i cidinas 40vixdatpchad from the

waf er table 404 and held by the first clanmp 428 to nmal ntain fsion
fluid 4127t fi8en SPhanshthead Réswabhgvabl: sapdratdie. (Ridrefdk, tEheafvataie t abl e

404 has | e e which i.s r wi.th. a surface of the wafer
408. Theaspdéid‘ggt’bolé’gﬁ%ﬁaﬁ%%&’; ¢ g aipn 3@@4 gfﬁ’édnﬂwweﬁég the spees beipper

surf @ce vhe phd B36 anptt@ngticwl dsberhbl9 16DARNVasHLE AF8odndhE ?r{vehg 404 and
the wafer surface. Therefore, the imrersion pad 426 and waf er ‘can be

moved und@PTPhEysEER i*edima bembieparia panitol shigeinnorert siorbefintdgchtédaith mge | n
vari ous augd! RO e S ARPRERR0S R0 SRR R R C LS T TR L
426 is posifed mhiedldn Vérdcagissitionaildor 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
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404 during exposure of the wafer 408. The second clanp 430 is used to hold
the pad 426 in place on the table 404 during the wafer exposure. During a
waf er exchange as illustrated in Figure 48, the wafer table 404 is noved in
the direction of arrow 432 so that the pad 426 is positioned under the
optical assenbly 16 in place of the wafer 408. When this occurs, the

second danp 43@rkelgdiag. trh@“m@l AAB400ist ; ed
while first Ch]ﬁ{; 4%8 cI thé ag 4?6@2@%gt%%‘?®8§a4§§§£ﬁ%§ ?Ar%@?
result, the P n%éﬁeoﬂf 1“10 ’Bﬁfi)zum%emfaﬁn@téwﬁbasmv he p(ﬁip?h‘dwnna%‘@rrbl y

whil e the wabgsterd O, Is&rr@m:i NBe bptibdIt REefbBE 18Vik WRBES T, RAsy Iy alﬂgg%nﬁ%gned

the wafer table 404 the direction opposite arrow t hat

the new waf ef"1g Sﬁ@si’“ﬁ'q gﬁ%%’”ﬂhg@r Jemdehyranc e ‘é@%érf‘t@ﬁyE'MDﬁ‘ieohomeo radt s

notion, the ®pticat eleinaﬁipof488 opﬁca[ @é@am;imhml @roﬂ@ﬁe&e@%nﬁé %?Beéﬁﬂeag?' n
the

cl anps the 26 to e 404. In this enbodi hren

tablrrg 404 |gﬁi& Heery WBV5 agq gavﬂ’q%” ﬁ'é YN ARFOPIAZY, shpritioyipditagemoret cl anp
4|28 18|B v?nheowere@m ihervager thble meerrai_tnep{acglimmaféboéﬂ%ﬂw%ﬁ %éﬁés

cl anpe imte a _waf er exchange
ope?gt i ony Aérlﬁgfnlp r@{ed(i{ ﬁ%p[e? é/%feéhoaag ﬁ%%%?eé'ﬁ%vr‘?t%ﬁ@f‘%t‘ﬁoérﬁo%Fhea‘ﬁ?febt ﬁer
oper ation cafﬁbflgéwéxeﬁublsemlamﬂy,lthe sheoridnafes (ran sﬁb\h!hﬂls:ﬂél:edsorifﬁitl‘[ét\ﬂéf@?d in
st ol o augen b SRR ueRl ¢ S a0, Bf 0etieddioraidioRr 4 15 or
ot her suppor@pPtif#fsaembly g a@lfi&lstfatad’p'lﬁ@(ﬁmﬁ% prow ded on the wafer stage
s g AZbTRammBR A HndftafyTTSBRLE ARTRES (RRE Aol EaSLRPC, |

assenbly 402. Figure 5A and are to own Vi ews 0
stage i nmer 5908?"?‘"1’“‘?’1’5@@?%’6}6?45*9%&'é@@n@ﬁ}tf@@éﬂn‘@#rttajnditlmmnmemmcﬂmmmstrof t he

6, 262, 796 ambld:ﬁsl%ab:ﬁﬂﬂz@\kb firSt é:’réHaleQﬁ pRbfided on the optical assembly 16 and a
second clamp 430 provided on the wafer table 404. When the immersion fluid
412 is between the optical 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 18, for example
during a wafer exchange operation, the pad 426 is detached from the wafer table
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 hest illustrated 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 opfical assembly 16 in
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I ncorporated herein by reference. In both enbodi nents, a pair of wafer
stages W51 and W52 are shown. Mdtors 502 are used to nove or position the
two 25 stages W1 and W52 in the horizontal directions whereas notors 504
are used to nove or position the stages WS1 and W52 in the vertical
direction. The notors 502 and 504 are used to alternatively position one

st age under Dheeoﬁmémade§§ewﬁwwtmsowhkﬁdhaswaﬁ@nﬂ@npHahgemagdhabh@nnent is

erfornmed on t he
gpt i cal asseﬁ%ef]@ t%tﬁ;lﬁfserﬁb?@%%z% %\yﬂggﬁé%ﬁ%gﬂ&%&n éaglggn\ggre g@é‘g%%@ and the
above pr oces@eioﬁifwgm@w 16V fp aeestﬁteﬁweommarggm ﬁtﬂddﬁZ i$ thainfainédursder

enbodi nent s %} | | fluid in the
gap under th@gogp%(lzg assenmglﬁ%va%} escgﬁ%%g@gﬁdﬂﬂ ﬂtﬂglﬁ%@tvgage arbagve W th
regard toP Fi Rraneadiaped, irougier t&b!ec@aﬁ ineaysd i t}\ﬁtotfreeﬁtctmposm ATOwW 492 so
arrangement . thWtﬁQ né@%fé’r it B&i?&ﬁéﬁ@nﬁ@%e%@h&ﬁ!%‘éé&n& go%QHE ]n’?dtsgﬁaCh

waf er stage S ure
the f:rst ciamp 428 IS released while the second clamp 430 again clamps the pad

i nclude a
426 to the wafer table 404. In this embodiment, the wafer {able 404 is freely
movable white 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
alighment operation, a measurement operation, or any other operation ca;r 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
16 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.
FFigure 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
26  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 fo 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 abaove process is repeated. With either
configuration, the various embodiments of the present invention for maintaining
immersion fluid in the gap under the optical assembly 18 as described and
illustrated 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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pad 222 and a support nmenber 224. Wth regard to the enbodi ment of Figure

3, a single pad 326, notor 328, and control system 330 could be used

adj acent the optical assenbly 16. The pad 326 is novabl e separately from

the stage SWL and 5 SWW2. During the tine when stage SWL and SW2 are to be
swapped, the pad 326 is noved to under the optical assenbly 16 to nmaintain

the i ' [ t1cal 16. Final | ith th
embodi mont of B g e o PR R e B erclfe shancive 2 ne

time when st ab¥ SRianthd seugoranember 2. sWith peghrd th thenmth dtifiehtsor SQe 10
Figure 4B. On

[he ot her  hand oo ne oxbakey et S8t 8P LT Vel el e on
the wafer stayBicRIfRFCINRIVHS Hedrg326ds rioatlrisspanatefiefrom thY tage SOk pad s
The second stage aaneaneamb o @ AP HEARBLE ¥ sioR b RrsAe 98 o top
down vi ew of 8 IR 12 LagEr et MURIATSEMD A dhinmntainl the finatd g 0K 3 1o
enbodi ment  ofbefuvaciid ehtigl tdieRBIPSERN FHAMENARNhE S ent 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 Hllustrated 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 WS1 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 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 substantiafly form a confinuous 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 opfical assembly 16, Thus when the first work piece is moved away
from the optical 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 alternative 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 onto the first stage 604. Simitarly,
the motor arrangement shown in either Figure 5A or 5B 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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In this enbodi nent, the i mersion |lithography system 600 includes first
stage 604 and second stage 606. The two stages are noved in the X and Y
directions by notors 602. In this enbodi ment, the stages 604 and 606

t hensel ves are used to contain the inmrersion fluid in the gap. For exanple

as shown Fnyukdenkheus @waﬁ“é}%n?s%gfei({()%taft?F @%ﬁ@@‘}s -l:tEmBR&jdt. if@%\ﬁ‘g ceNggLy st he

optical assenbly 16. Wien it is time for the wor I ece t0 be exchanged,

t he not or §1eeg00Tsl Bagedld in sopteet (b bnmedietebeatacnyteige 0B svitage @4amdend wor k

i dj . Lhe first 4, Wth ths t i ti oned
Ci G- by s enietidgsctfiZugn s 5B et & s RSP T a0 B vt « 02

are then 68ef gositithyEuidee thiedptRbBgeSbIY 1W0i son so that the second 25 stage
604 is_po it{on_ under the optical assenbly 16 and the first stage is no
| onger® unB¥illyHa Fgire 6K theduamingg 004 is mewad wvar frometheioptcalwerdmbly d6e i s

moved away  fHeQmMd % " j i |uid, in the gap is
mai nt ai ned > by g}heﬁ%tee?ghg?@{rg%gé gg%%\r/?h?l%ﬁv%)g?a eg’?ﬁ%%‘ﬁ@%@ %ﬁ?’t‘!fdé’lal y continuous
surface weartinubes furfast usdagie: optival ssstrably & dwinad irmefebodinm@nbising e

tage that contains a pad that is

second stage 606 couyl.d.al so be a 3Q "pad"

used to n’éﬁ%ﬂ?réioﬁ ff"Hg 1 W& g‘hﬂ‘leiﬁ&'&ioégm?flttsﬁ‘éwgébemopé St26 606 i Pist k pi ece

i's being ﬁb?é?eﬂlié)&’ége,thlaﬁzet/éﬂ §$ul§ra%96’o§6ct%ork§!i§el s@efée%’s n%ﬂa? 4WBLQr arrangenent
her 5A or 5 ed. e

shown in ei Fi gure B could be u erring to Figures

6B- 6E, a serie? 3f di_.agr ans [Ilustratjng a work pi ece exchange according to
one etfbodi ment igPe vaROEesRRadiments dataribad peove (hegtadgen be mqﬂieg%ﬁ@UBBGShOV\B a

e 0 AHEcAOhaRH R aRARGSHhib ISRl el I RTnaPRUg pEDe SECON

stage 606 in contact (of I medi ate J‘acent efiIr st'age 604
under t heccapliwigh TeSseatoydiigto sthguemb@imshiowd ha sizafsfepadt M0 doupl Ree,

i.e., the second stage, 606 is posjtiogned under the optical assenbly 16.
5Fi nal | y,Sui?ﬁc1 r}dﬂrcgv ghe giga OF‘i"Lﬁ’é‘id %gﬁé"m‘“f’% fivil, 8 thewsriqusom t he opti cal

assenbl y dfbodiimeRt8Fesdribed b 8 dubrabd S8 3P GHrald .eﬁgrenE Qﬁh%%g}é%ages .

and 606 provide a continuous surface under the optical assenb 6 during a
t r anstber , assérolelyrhgiincenstantly unkder inmmensioindiuid bovicbrinment yeregaping ke fo@ation

enbodi nent,. sho e second stage 606 is a pad stage. This stage, however,
coul d al sogabtgmgn%éze'%i @c‘%g}grtlﬁﬁl hs noted above. 10In the various

enbodi nents descri bed above, the pad can be nmade of a nunber of different
materi al s, suc$emisombrcamiveafemetabe fitaibied usiHpase ab@icalcsalednBytemk s, be
coated w }lh Teflogﬂaccordi Uglito_ ot her enbodi nents. The size of the pad al so

shoul d be"e BFOCLS; SBAMIESNEIgY B i1 Figdrafda [ sien pP bthayorkaeseimfapgticmand ui d. I n

the vari Qépformance 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. Tn 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 is 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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enbodi nents descri bed above, the surface of the |last optical elenment of the
optical 15assenbly 16 is constantly under imersion fluid environnent,
preventing the formation of a fluid mark (e.g. "a water mark").

Sem conductor wafers can be fabricated using the above described systens,
by the process shown generally in Figure 7A. In step 701 the work piece's

functi on and ot 9% FARCRCharASLerh Sescple dest ARedodext L step 702,

mask (reticle) havin esl gne accord
desi gni ng st eglectignds mﬂdaab%acalst@l acspeiingnoPracasaingredsremmeiés. f rom a silicon

terial. Th 0 to.fh f
from step 703 | n st aachostgs° S DRefer) BrodsSlng, Mwhdn TR sabpiidone "™ ©'
her ei nabove PigPERSEDTIRA AlSES Wiavh bepie cpmeksded, mﬁvfeﬁnw;m]poghcpretmmboaeb@e
sem condugt Oére"iﬁ’igférr@n%ﬂec u?m?%% besks gf'ﬁ Ledh @%ptﬂ%r{gh %‘%asﬂog@e?% then

bondi ng process 25and rocess fi'nal
i nspected i nSt§P)eﬁh?f@695’SF|'9gaiPié'9 HO i waler.r Nexd ia Sdm &l§ deipiosoacstap}, tee(arrpl e

f the ab t t
work pi 2CZZG'°‘?BF?@£1“”§@*S§“$E%S§Q§“E’%’S A 5RE o ol U5 B EINAT Pace

i s oxidi zed. MR Eei) e o wafp Heapy stesn? i Tnslevelppion stapd.the expesadedaten t he
wafer sur f ace deldlogded Bnd kasteglr 20 1diaHley Eférp?méa‘rﬁrbt%ﬁﬁén re%lo‘%;ﬁ%t?&%s@?ar e
formed op, t he waf %jdé)r%cghgosmlon I"ant
step), iBhs GHESEHNAREE FHIRCEh are ErRavedThE Kb i teroi (haspresist 1l -
714 formt herepuoeqarsmpe)amn@gesstamof@és;m&%mrwéﬂéﬂ@t&@i‘gﬁé rdh@Rssi ng, and
selection is nadﬁlwgtp l @é} accor eﬁg to pr QCGSSI ng requirenents.
At each stage of i CE?WS e QI by EeratitRie W%ﬁ@@cﬁ%}ﬂ@&sm ng
st eps have hwehproopgsiretsehs.t he fol |l ow ng post-processi ng steps
While the particular lithography machines as shown and disclosed herein is
156 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
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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5 are inplenmented. During post-processing, first, in step 715 (photoresi st
formation step), photoresist is applied to a wafer. Next, in step 716
(exposure step), the above-nentioned exposure work piece is used to
transfer the circuit pattern of a nagkrfsketicle) to a wafer. Then in step
717 (devel oping step), the exposed wafer—is devel oped, and in step 718
(etching step), parts other than residual photoresist 10 (exposed materi al
surface) are renmoved by etching.. In step 719 (photoresist renoval step),
unnecessar y ‘PhéEeeS Bt rEimiTg' Gfter etching is renoved. Ml tiple
circuit pattgrnspef&afonredrby  epelit benjeltishese prEREOCESSH NG andhk

post - processing steps. Wiile the particular |ithography machi nes as shown
and di pclessed Heg eWaTks PERdaul bl rapabbeséf cobiai Rivaig OPlié CoBj et 3 TandyY

provi dijng .t he .advant ages :herein before stated, it is to be understood that
it is %E%&F? ﬁ %Jtﬁéﬁ%éhga)’the presently preferred enbodi nents of the
invention anrd tdatgeno ddgunttaty onsicdneiimt endedvdnk t heigtet aidabof  that
construction or design herein shown other than as described in the appended

cl ai ms SUPRILAINS "1 AN Hppdt &S cBipri si ng: ~an optical assenbly that
proj ects anJj nmageeenife/d0r kHjieCes (her WOFknpi 6 being oppegi (8 d o t he
optical assenbly during the projection; a stage assenbly including a

wor k pitedé et abh@ tisatpeuppbriedt hppastikepi kecelthandrtical gaseeak lyenber

that is.different fromthe work piece table _and.is position siteto
t he op?%@%?aagge&ﬁry VY rglé&f%ﬁ Fﬁé%ﬁor‘Dm%&QEH%ﬁ)%§§%¥sﬁ§§ g%?ﬁaf?}
mai Nt aiifr@r SiRrsienidi aui ¢ i soacspaagaadhacery toet betaptilcals aasenpl y
when the work piece table is noved away from under the optical assenbly,

t he coVdEmidFer et RIRCH0r RO bF ete PaBfe BERMg freMatingslly Tsvatitleical

assembly, the cover member and the work piece table being

relatively movable.
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