| mrersion Optical Projection System[00011 This
application clains the benefit of U S. Provisiona
Application No. 60/582,203, filed on June 23, 2004,
entitled Anti-Contam nation Device O Lens For

| mrer si on Lithography, which application is hereby
i ncorporated herein by reference. TECHNI CAL FI ELD

[ 00021 The pr ' L.any general Ly relates to
i mer si on opt ?@lgﬁ{%?foajﬁggbbgﬁl g{/%‘te‘é n%é’rggenﬂlse in

_~ photolithography processes in the fabrication of

[ODEHm' c Jhisapplisetiatesiaive the bBAEK GROSNBOpBROAA pplication No. 60/582,203,
Phot ol i t hogr aphy processes are used in sem conductor

filedram difna 83,2004 gntittedt4airGinermisatiop Tevies Of Lémd o InphérsionBakography,
to the surface of a wafer or substrate. As part of a

whitly miptiedtion Blieteby iiichmarasdthyreprigaeseencghot or esi st | ayer
(usually a polyneric material that changes properties

when exposed to light) is applied over an internediate

TEGHNWALKIELDThe desired pattern is projected onto the
phot oresi st through the photomask and though a series

| enses in.an tical .projection .system The |enses
1003 | OB eskhl BB} 2 bR PR S emia S m i cr iR fo
rovi ded by the lens A can.vary dependjng on_the design
- use ‘?“15’3%@&%%@% PRSP the RS A T of Sk RABFREACVHeS.4X. B
magni fi cation, for exanple. Wien the nmask pattern is
BA£&§%&9§%§d onto the photoresist |layer on the wafer,
e e sed regi ons beconme nore or less acidic. After
t he photoresist is devel oped, portions of the

[000phot Pheslitbgrastty preddceste uedih SamigRdactBahiRiR e ing to transfer a
photoresi st layer. [00041 The ability to project a

pattef fd a RAR G B skt 6 Iwitbr driiGhshiR! W phrt EF?‘%*H{% of

onto the wafer is often linmted by the wave
D o P e i e {80 BBy B Bl Bropertic
when’ékBosBiMoHpH) e V3r N ThielUdfdle structure. The desired pattern is projected
onto the photoresist through the photomask and though a series of lenses in an optical projection
system. The lenses reduce the scale of the projected image. The reduction provided by the lens
can vary depending on the design rules. A typical reduction is on the order of 4X-5X
‘magnification, for example. When the mask pattern is iarojected onto the photoresist layer on the

wafer, the exposed regions become more or less acidic. After the photoresist is developed,

portions of the photoresist are removed to provide a patterned photoresist layer.

_[0604] The ability to project a clear and precise pattern of the smallest features onto the
wafer is often limited by the wavelength of the light used. Current photolithography systems use
deep uitraviolet (DUV) light with wavelengths of about 248 nm and about 193 nm, which |

typically can provide feature sizes on the order of about 130-90 nm, for example. To
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typically can provide feature sizes on the order of
about 130-90 nm for exanple. To extend 193 urn
photol i t hography to feature sizes of 45 nm and
smaller, liquid imrersion photolithography techniques
are being used. This enables the use of optics with
numeri cal apertures exceeding 1.0. [0005] FIG 1 is a

exteiﬂrfpi fnﬁ ﬁ&oﬁtﬁ%@ty&g fe%;a.r(? hit B 1?1:1,1%%; Flggjeeir ﬁ]éluﬁlgaaaleﬁj]o%
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hown iin FI G,

h 1 e e s
phofith Bl 1L AR Eh 260 50, iﬂxgsn%f’eg RF oL gt gimgrical
systens, the fluid 12 is continually
apmgL%cu @n QEE elimnate thermally-induced distortions.
In the systen110 shown in FIG 1, the circul ated
[0008] ui dFIG2] issa dimplfiedcclmiate ePardirnastion SiRalSr&eRn s%@telﬁfid of the
the wafer 24 during a photolithography process.
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fluid inlet 14 routes the fluid Tlowto the space
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a fluid out Ioetéulr6 r ecelevesgh%%%% E?‘ﬂf %{e?ﬁld\’ﬁ ’gc?yp el
uNRddR6 elfrhin ﬂ?&? - | Lhi.s
c;lmretalﬁs t%g &grégﬁﬁgﬂﬁgmgmgggéﬁﬁ$ orce EP Eg?ﬁyﬂw
: vacl ud 12
cucu}é%c 0 nq’ ?Hggﬂ%é E%gf' 3 lqns i F tgg ang gef‘q’%‘?%‘l’( Riess
caII the or.de ut 1-2 mm - Furt
ohod Bl Ml 9 o O ot 80 PO L2 M B Sl 1
¢ @_lor air bearl (s) nQt shown) at the outer region
route e R fowa e SOFFeINEIten 81 Lahent oleThent 43k 14 esder 24, sod 4 i
nner5|on gptical projection systemis typically
outlet jyipcs v e Huiddjogii & SpoaRYeles chwpk 28 shawd g Gal, which in this case
refractive i ndex above that of the usual air gap
retaing he s fon 24 neng evesuem dorch prowistedby wemim channdld 30tahd @ Sacunin
- dopants may be added to the water to give a higher
line 32.¢Tecfbid 12isiconfined by 64UEry foncenasf theiflaidithioRiesd @ mgqﬂaﬂgemthe
it is usually preferred to use a fluid with a h
order ofeboadtd men. iFuether canfihelnt RS dehic A byl dsidsSvabnae éhaaﬂag Snd/or
for the fluid to absorb particles fromthe
air bearing(s) (not shown) at the outer region of the immersion head 26. The fluid nsed in an

immersion optical projection system is typically ultra-pure, deionized water, which provides a
refractive index above that of the usual air gap between the lens and the wafer surface. Additives

-or dopants may be added to the water to give a higher refractive index.

[00006] In a fluid Immersion system, it is usﬁally preferred to use a fluid with a high
refractive index a_nd low absorption. It is undesirable for the fluid to absorb particles from the
wafer. However, while using tﬁe system 10 of FIG. 1, particles from the photoresist layer still
tend to get into the circulated fluid stream 12.” Such particles can be carried to the surface of the

last Ien_s element 22. This is undesirable because it can contaminate the lens ‘and eventually
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waf er. However, while using the system 10 of FIG 1
.particles fromthe photoresist layer still tend to
get into the circulated fluid stream 12. Such
particles can be carried to the surface of the |ast

| ens el ement 22. This is undesirable because it can
contam nate the | ens and eventually -2 require a Iens

reqlglgeg l@[f‘fsg%ﬁggﬁmieﬂn{m%ﬁlgh %sﬁexgég Fgg & of:rg 1 %eﬁg g ap W&s}on optical
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o I RN raﬁdgﬂ?maﬂb& BRSO Eiomsestem.

probl ens and needs outlined above may be addressed by
enbodi nents of the present invention. |In accordance
wi th one aspect of the present invention, an inmersion
optical projection systemfor photolithography is
provi ded, which includes a |last |lens elenent, a wafer
- chuck, and a transparent plate. The wafer chuck is
. adapted to retain a wafer. The transparent plate is
located between the | ast |ens elenent and the wafer
during a usage of the system The ‘transparent plate
has a | ens-side surface and a wafer-side surface. The
systemis adapted to have a layer of lens-side fluid
| ocated between the |last lI'ens el enment and the
| ens-side surface of the transparent plate. The
systemis al so adapted to have a | ayer of wafer-side
fluid | ocated between the wafer-side surface of the
transparent plate and the wafer. In an enbodi nent, the
wafer-side fluid may or may not differ fromthe
| ens-side fluid. I'n an enbodi nent, the wafer-side
fluid may or may not be fluidly connected to the
| ens-side fluid. In an enbodi nent, a wafer-side fluid
flow rate of the wafer-side fluid | ayer may or nmay
not differ froma lens-side fluid flow rate (which
may be static or dynamic) of the lens-side fluid
| ayer.




[ 00081 In accordance wi th another aspect of the
present invention, an inmersion optical projection
system for photolithography is provided, which
includes a last lens elenent and a protective
transparent plate. The protective transparent plate is
attached to the last lens elenent. A static layer of

| ens-side fluid is |ocated between the |last |ens

SUMMARH OFFHE BREENFIEMNeCt i ve  transparent plate. [0009[
In accordance with a yet another aspect of the present

oo o RagPe e TR R Bl y%q%ﬁr%%s’a@@g:% %ﬂ%“%t{t?éfthe
The waf er
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to the wafer chuck. The

profihPa RS ?eﬁrﬁﬁowﬁog ﬂ%ﬁ%@%ﬁr@gﬁ%ﬁew@%mﬁ%a st Tl a water

f|UId | ocat ed between the protective

r-side
chucpf,jl a&ﬁ en étf:‘e Thg waterchugpisadanied to mefaig a wafer. The transparent

hotollthogra process. [0010] In accordance with
Plates‘f "I"i’tecbﬁ’lf‘é‘f’?@ﬁgc‘a‘yﬁ?i daus elgmentpad theemafenduring e ntagonf thasystem. The
i mrersi on optical projection systemfor
transpayest plata itee g deapiiide swfyoe ond dwalfer-sitié ainface CThedester id Alapted to have
- lens elenment, a wafer chuck, and a protective
a layerrofirmpaide ﬁtndﬂtbaated betWleen tha ddst ﬂeﬁlﬂer&érﬂé afdhe AS-s@e b@fRe of the
surface characteristic providing a lens wetting

transppirenp platey Thd kyetenpik @lso edbpedd tb Ba@AdB}eL Of foferf- 8818 d Bocated between
wafer. The wafer has a wafer surface characteristic

the wpfep¥i€litRfic SofMBY ©dnsyednk FEQ: A0 QRS Bl Q@e}ﬁﬁ(ﬁﬁ:ﬁ&{ﬁ thé wafer-SIde

transparent plate is |ocated betmeen t he

fluid BbPsERLy 2R diffeD BoNREEnIEd Md 2mRRQ h#zﬂ?@ [H%R?pa\.f’er-mde fluid may

process. The protective transparen
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[0008] In accordance with another aspect of the present invention, an immersion optical
projection system for photolithography is provided, which includes a last lens element and a
protective transparent plate. The protective transparent plate is attached to the last lens element.

A static layer of lens-side fluid is located between the last lens element and the protective
transparent plate.

{0009} In accordance with a yet another aspect of the present invention, an immersion
optical projection system for photolithography'is provided, which includes a wafer chuck and a
protective transparent plate. The wafer chuck is adapted to retain a wafer. The protective

transparent plate is attached to the wafer chuck. The wafer chuck is adapted to have a dynamic -
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‘surface characteristic differs fromthe wafer=-side
surface characteristic. [0011] The foregoi ng has
outlined rather broadly features of the present
invention in order that the detail ed description of
the invention that follows may be better understood.

Addi tional features and advantages of the invention
ich formthe bj ect

vl : 1t rei nafter
oS L S 0L b5 e o
] those skilled in the art that the
ﬁm@%ﬁ%@%ﬁ%&%gg%% speci fic enbodi nent di sclosed may be
readily utilized as a basis for nodifying or designing
100161 her Insterardinge @dth otill fodee 85506t If e sradehitthviti @ bn ffl8ersion optical
same purposes of the present invention. It should also
projévtion &aten? o plytolithersfh$ b pro@ded, BhidRSndides b ﬁ@ttlelﬁ%ge!ﬁnent, a wafer

equi val ent constructions do not depart fromt

-chuckPindiatpratBhive 6RRGait Ipquié;e D’Iéﬂ%\é%? Lé_lg? W@g&%@a&lﬁmﬂsﬁc

appended cl ai ns. BR

T S e L T T
i inwhich: [0013] FIG 1 i
v R SRR Pt i R ko b

. [ LO temof th rigr.art being used in a
s locle bl PO iPtsmt . o /P g e Photof goggaphy process. The
inplified schematic of an, i mrersiqn optica

proteciEgeppisht gPS hei gl prtage 2nd peentprrdeisudaoet Mbe lens-side
surf rgagnt i nvention being used in a photolithography

a‘%r" Proteqiiyp fraasparent plate has adensisids) sutfaeetharetienindici Thowafon-side

I myer sion optical projection systemof a second
surfacg o HgiPrateRLive franshesens platelres aiwafiarsidcowrihei cheractaritici Thalens-side
hot ol i t hogr aphy process; [0016] FIG 4 is a

p 100
surfacgichgsidtéristid didtorseimat the wafer-aide smfiee shascteftic.cal
enbodi ment of the

projection systemof a third
respntes i nyention.being used.in a photolithography .
root1f SRR ot BB e B B Bigacy st Fgtign in oder

that th% Heetaxféc/iscfesegplpggn (t) e %ugcimrtign ﬁl@%%io\rxr_}se nn}ayibg bgtter understood. Additional

. features-and advantages of the invention will be described hereinafier which form the subject of
the claims of the invention, It should be appreciated by those skilled in the art that the

- conception and specific embodiment disclosed may be readjly utilized as a basis for modifying

or designing other structures or processes for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the art that such equivalent constructions

do not depart from the spirit and scope of the invention as set forth in the appended claims.
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configuration for placing or renoving the protective
transparent plate; and [0018] FIGs. 6A-6C are top
views showi ng several variations for a protection
plate carrier. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS [ 0019] Referring now to the draw ngs,
wherein |ike reference nunbers are used herein to
designate like or simlar elenents throughout the
BR@EEﬁ%@BﬁHﬁN&QFHﬁEU@RAﬂHN@@ enbodi ments of the
present invention are shown and descri bed. The figures
e,. and., |

0013i € ri,l ga .to.scale,. , sone
1003 S e SOEERE Bl b feeRinn St B SuGhish DuBe pasumptary
poplified in places for.illystrative purposes only.
emb@w’%eﬁoo@%})ﬁ%\e m¥ERlop apGinhict ¢+ Wi || appreciate the
- many possible applications and variations of the
[0018) eseHIG. 1 aaitplified Beteahtio Bf dd@mfeRlidrooMidg prdibitdh kikdnY 6 the
enbodi nents of the present invention. [8050]
_ priorGebeing hbed,in @BhAPRRS AR proksst he present invention
provi des an inmersion optical projection system for
se in photolithography processes during the
(001412, I3 is 8 Sgmplifiedp<bemaicaton imgtensiop@ptical prajections bystem af 2 first
first illustrative enbodi nent of the present
embodpreatefithpreseniGnvention being nsed secpimtblithdgrphy atdces;
- enbodi ment of the present invention. And, FIGs. 4-6C
00153 howrgs Bhi £ o j ve. enhodi.nent..of the.present
[ sjinvent i'on. Var P%%dé%gérgiet%tog fll??nené?rﬁl?%g?ncg oleaU YRRt
ree illustrative enpodi pents wl] be
scconf brabdoHSE of A st BRI b&fﬂg&éﬁa Prﬂrﬁﬁfgh ography process;
hot ol i t hogr aphy process for fabricating sem conduct or

P
[0016Hevi BEs 4 isNotieplifiedischmiatio df arf @Al dWi@B off i@ ProfRbionQstth 8% & third
enbodi nents descri bed herein may be m xed or conbi ned
emboditheiitivy theippdabif inve RN tidle REPinfaYhoiBlihe ﬁﬁv}%}gb nts of
- the present invention. Also n%?e tha?ﬂcri ef%g and
ristics described or discussed for one

har act _ )
(0017} |'[ (136 Sisiasimelifise arhemati pkthe oistemesf thothird embodipehyin at o
anot her enbodi nent_ of the present invention, but in
confighration fopplaaing ¢ori remaying thsereigise Gatsparentpae; ahd

[0018] FIGs. 6A-6C are top views showing several variations for a protection plate carrier.




in the art wwth the benefit of this
di scl osure. [0021] FIG 2 is a sinplified schematic of
an i mersion optical projection system 20 of a  first
enbodi nent of the present invention being used in a
phot ol i t hography process. In the system?20 of FIG 2,
the i mmersion head 26 includes a | ast |ens el enent 22
and a protective -7 transparent plate 34. In FIG 2,

DETAREDrRESGRIBRION &1F 126 USTRIATTUE ENMROPIMBENTRS er 24

during a photolithography process. During a
ctive transparent

ot o} ] raph rocess, the prot .
roosBf ¢ o4 BP Y eB AR G mhop R 1SS Saber afatted e to

ordi nary skill

ate
.and .the wafer .24. The pyotective transparent plate 34
d“’s_‘ﬁ%?ge ke Pppmiles demens 'E&E‘&ﬁ% the Yariops ey UlBFeRiive Gmpediments of the
' %ﬁ. A |ayer of lens-side fluid 40 is |ocated between
preseHj MVEHOp afeshawy pribeg. Theifigures arepet nepegerridyidanm éo Bele, and
. of the protective transparent plate 34 during a
n SoBy; dRsiAnEIsbfdrapsmgs bave beesexagasrattdomd/or sinplified i plades for illustrative
: | ens-side fluid layer 40 has a lens-side fluid flow
purppsgs enly.wincef ondiparyekifldn theart vgH eppireniaté Hemang possible applications and
_Additionally in the first enbodinment, a |ayer of
variafigrfsef the ipeheerft inviegtiotthasa dncthafoli wing e ftitel eenbadin®intsSifdiR present
surface 38 of the protective transparent plate 34 an

invenie waf er 24. This wafer-side fluid layer 42 has a
wafer-side fluid flowrate, which my or may not
fluid flow rate and which

iffer fromthe |ens-side
momiay fnerg iy bp gnbogima St e pieseiy Evgntionguvides jap impersiosgptical
._enbodi mept tIuLd inlets 44, 46 and fluid outlets 48,
projegiign systent g’é utedn hotalithewarhyinsocesses dusing thy fahcatipe nfsemi@iductor
. The lens-side fluid inlet 44 is positioned to route
devicgsh &G Zribows ¢ fest Hugirative eobodiwtnef thetphaettastentien sFIG. 3 shows a
el ement 22 and the protective transparent plate 34 to

secongh fliystiatize embwlimentof thegpeeskdt inveinticay And4PIGsThed show-aghiee
fluid outlet 48 is positioned to receive at |east part

ilustragive emhedimensf diegeesthtintbnfidro W 4Bus Fpecty)Bires afl@advatthghs of
inlet 46 is positioned to route the wafer-side

these three illustrative embodiments will be described in the context of performing a

photolithography process for fabricating semiconductor devices, Note that various features from

any of these embodiments described herein may be mixed or combined in any viable

combinations for other embodiments of the present invention. Also note that criteria and

characteristics described or discussed for one illustrative embodiment may or may not also apply

to another embodiment of the present invention, but in most cases this will be apparent to one of

ordinary skill in the art with the benefit of this disclosure.

[6021] FIG. 2 is a simplified schematic of an immersion optical projection system 20 of a
first embodiment of the present invention being used in a photolithography process. In the

system 20 of FIG. 2, the immersion head 26 includes a last lens element 22 and a protective
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fluid fl ow between the protective transparent plate 34
and the wafer 24 to provide the wafer-side fluid

| ayer 42. The wafer-side fluid outlet 50 is positioned
to receive at least part of the wafer- side fluid flow
42. In the first enbodinent, it is preferred that the

| ens-side fluid 40 is not fluidly connected to the
articles

= Hi fil gi-d,42 to prevent nt am nati on
RS PIOR, T e Bl RS e SIBTIRG R0REH A5,
' terial gn.the wafer 24) fromgetting to
phoRfiloBlBA) Bhel® Sl o My i RetOhy fragetd dhasrolea dtenataront plate 34
tam nated with particl es,

A e B 8 e e B 3

can
h Ifns .gl enent é‘%@ Thi s i s advant ageous because the
a5 15BY- 80t Furtect Joand garalirrsidn efacesi®. i Jayer oblens-pidg 8uid 49ds located
| ens

rrucﬁ}@l ess expensive to replace than the | ast

betweren the kst Isps elgment 32 andsthe lonk-side surfict26 ofitbhprowsiier transparent
replace the protective transparent plate 34 than the

platq Isquring p ghetplitheamaphy process, & shoeh arFI6d2 e This tinseidt flutd1gyer 40 has
protective transparent plate 34 is adapted to be

a lenggide flyidrflowpwebivkiclamdy be pira oegiiter. thilkerd. NAdINRally in the first
enbodi ments, the plate 34 may be permanently attached
embadiment,ot lagar opasfer-sidd g 408y loQfted BRYvdRA thelifhfGa3dd shrface 38 of the

removed. [0023] In other enbodiments, the |ens-side

protettiveitehnsarefityiatd 84 bhdhe k4 fes 0D NERE fdfet-Sidh hﬁid"f@)te? B2 ha¥ \Gafer-side

fluid 42 at sonme place in the systemfor sone
fluid 66Weste WM ISmayl & t GRSLRom e 1hry- ;

vaf er-'si de fI}Jui d ﬁzﬂai Get3Eom e feri- 5;5}{61&?%%{%%9@4%&@&@&
t here are many

zero dr@RSites lg ZLhUi d stream 40. However,
reasons to use two different fluids 40, 42. For

exanple, the surface characteristics (e.g., wetting
[00224ng| & the first érmbodinng rihsd Sifetsid; fGmel fuid bttt 60 adoand
~ the lens surface may be different. Different
adjacentithi thé last(lsds element 2. fTihailehsaRiy fRRI iReAY is BogasHRd teWRke #Olens-
42 to match the wetting properties of the Iens and

side fhuidifffiw scw éon GRSlast 162 BREEAND| Md Sotivk Bénspffdar (184 0 provi
fluid 40 may have a di fferenttﬂé‘iv\g(tﬁti ngﬂ'gl#(%)pertlil1 tgan(}pm“de

e leomiots 0Tt ok ) 0 s
the lerk|sidle HuftOndeue ’ﬂlelxﬁ@&is?deqﬁﬁ({ Tt &5 }Q%togiitigx%d to route the wafer-side
fluid flow between the protective traﬁsparent plate 34 and the wafer 24 to provide the wafer-side
fluid layer 42. The wafer-side fluid outlet 50 is positioned to receive at least part of the wafer-
side fluid flow 42. In the first emBodiment, it is preferred that the lens-side fluid 40 is not ﬂuidly.
connected to the wafer-side fluid 42 to prevent contamination particles in the wafer-side fiuid 42
(e.g., from the photoresist material on the wafer 24) from getting to the last lens element 22, If

or when the protective transparent plate 34 gets contaminated with particles, it can be replaced, -

rather than replacing the last lens element 22, This is advantageous because the protective




property that is better matched to a wetting property
of the last lens elenent 22 than to that of the wafer
24 (e.g., photoresist surface). Likew se, the
waf er-side fluid 42 may include one or nore additives
to make the wafer-side fluid 42 have a wafer-side
fluid wetting property that is better mtched to a
' LORRI L f. the fer 24 than to that of the
et e B S oy o Pt A it oress ey ot Ty
b Irable, to use t different fluids 40, 42 in _the
cleni £ LBl G} s Bt koSt Gradite AREOIES A mesparent plte 54 than
different refractiye index for each fluid. For
the Iast lons eloment 7. s el embegipeniothggptestivetranspasent alate Ifeis
‘ index that is closer to the refractive index of the
adaﬂ*%‘sft? be gasuly gmonvahie angireplpgeable o Brhiasomns embudimerits thenate 34 may be
and/or the plate 34. \Wereas, it may be- preferred to
permgacrily attahed toraapthernatty which way iontey nétdhe cosfily remdwed- si de
fluid 42. Furthernore, if the lens-side fluid 40 is

4l ui ' f ide fluid
00200 s BRSBTS A LA g .

t'he | ens-s

it 30 AR50 B BB . e ot

er - si
tact. .wit.h th f 24. . [.0025] For fluid
that ERRRELAThid o R Brtoftioininaabie s s Bwitistece iy Howeves,
h incq&&orates t he gr tective transparent plate 34,
ere BERREy S GPS 29 o difieesat i 4047, Freemaple the Rfasp errent

3 the protective plate 34, and the wafer 24 (at

22, .
charagtgristics (2 TipttingangleLpfithqphotasesist gadice on fherwafea2i jand the lens surface
filled with fluids (i.e., a high index nedia). In a

- may hedifffeserte Biffendnd aklditisre(s) of the Aaidpnaystenised in\eachtlayen 40§ 49t0 match the
late 34 is immersed in fluids 40,42 covering both

. P . : .
wettingipderertics bf theiens peioeafal sarfaces resppeibjeBC tHeek, Btlbns-i@&SHad 40 may
air gap or bubble, higher spatial frequencies fromthe

have andiffkrepadt@ipprépert t@h theheafbienide MEY 42.NPhe 108-SOQUMIEd0 Wy
the photoresist properly. The fluids 40, 42 on each

includs be€orGhork BtitledicEnAd (R BAs-siBeANA0 hhR ASRENAEAGY witing
extrenely high optical quality for the plate 34. .

roperBEhaUS Betlel@atPh A8 2 F2ttin: | ! 2
Prop the project 'iﬁon pa?h of ggﬁ@g)s((?f)gﬁlg%{ ]Ie%s\?él%ngéenr?rggpllaggé %aQOfthe'
wafer 2 &L PholohSist surface). Likewise, the wafer-side fluid 42 may include one or more
additives to make the wafer-side fluid 42 have a wafer-side fluid wetting property that is better

matched to a wetting property of the wafer 24 than to that of the last lens element 22.

[0024] Another reason why it may be desirable to ﬁsc two different fluids 40, 42 in the
system 20 is that it may be desirabie to have. a different refractive index for each fluid. For
éxample, the leqs-side fluid 40 may have a refractive index that is closer to the refractive index
of the last lens element 22 than to that of the wafer 24 and/or the plate 34. Whereas, it may be

preferred to have a different refractive index for the wafer-side fluid 42. Furthermore, if the
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'surface flatness, snoothness, parallelism placenent,
and orientation of the plate 34 would otherw se need
to be precise to a fraction of the light's wavel engt h.
But in an enbodi nent of the present invention, if the
refractive index of the lens-side fluid 40 and the

| ast lens elenent 22 are perfectly matched, there is

ain t e nti. d tlcm
BT BT ) KSR A0 P2 s oo
" a t|v P of the | -side fluid 40 and th

o e°§%wr°1§ A (PR T absorfiph g copEpgioghe FReT 8dt flgid 42, because

tc there,is stjil|l a substantial relaxation of
it H@t‘HBGQGa ettt i cal qualities because there

can be closer match than if air filled the spaces.
0026pr eRaAIuR) imtnkkesitt Aafden
[ tﬁe | ens-si de fldldﬁﬁO na;ﬁgélag?er fo?&gﬂ%ﬁg&ﬁﬁ?QQSﬂw
ff ren

protVBVEL SISt ?ﬁ prjeféra%yﬁl tffgﬁa%is B&?ﬁéngg%gﬁ%% C?E ﬁfz the

may be ‘abou

e B BB Mt
with ggﬁ ar e ‘fé tﬂgg?i%'s-rhe%g% '%Q?I“P é‘g%l’gﬁﬁg’}t?‘g’t 3;1&/0%9 the

nlc Lght. . b Vi n si on of ~about 80%
plate g? S{rgiTse ”’E@ﬂ%se% ?ﬁ 80"6%5&{3‘@0*# §IH BYSBRSF AqugigRipispiion path
e. % transm_ssion) for the I'i ght wavel engt hs

s "‘%@F g’fﬁ’ g %‘Eg‘g? hghgespatial digguengies froe thgmeskipatign typughrthe lens may
enbodi mrent may be adapted for use with |ight

not bgeapnled ifhe phasgresis praped B 6 Therfuidiyud2 868 chmide ofitheplat@Balso
run, about 193 nm or less, for exanple. The

reducgﬂ:@ldep,@dwy of extismelydugh qq:ltiaal quality fierythdysiate G0 Betaugnthaphate 34 i is
of a wide variety of suitable materials, including

also afi bpticahelémene aless the iprojedtion bt df ilﬂéxirenﬂlydéﬁr Zberfdtid8 dystem, the
silica, CaF2, LiF2, MgF2, and conbi nati ons thereof,

surfack ﬂamensasﬂﬂoﬁneﬁf@rﬂ&hﬁrﬁﬁﬂac‘éﬁent, Rdfichlatider (R Al 33{4>Vdu§d
preferred to be equal to or higher than that” of the

othervibdHe@$ toMd prdie 1ol d Badtlol lofthe Ilﬁ'ﬁ)ﬁ s Wavelhghe mpinyanr@b% ent of the

refractivé index of about 1.3 or highe or exanple
presenY¥iv8iltioh Sif fhe reftilcli¥éindex of the lens-side fluid 40 and the last lens element 22 are

perfectly matched, there is no need to maintain the above-mentioned optical quality. Even
though, in an actual application, the refractive index of the lens-side fluid 40 and the last lens
element 22 will not likely be perfectly matched, there is still a substantlal relaxation of the
above-mentioned optical qualities because there can be closer match than if air filled the spaces.
For example, the plate 34 may be made of quartz and the lens-side fluid 40 may be water for

a 193 nm wavelength setup. In such case, the index difference may be about 1.55-1.44=0.11,
- In comparison, the index difference for a dry system (air gap) would be 1.55 — 1.00 = 0.55.

Herice, there is about a 5X relaxation.
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pure, deionized water) is a preferred fluid for use in
an enbodi nent because it has a refractive index
greater than air (i.e., greater than 1). Dopant(s)
and/or additive(s) my be added to water to tailor the
fluids 40, 42 to the desired properties (e.g., wetting

property) in an enbodi nent. But in other enbodi nents,
The plate

ese A dcriteria may var 0027
00 MR oF B ek PR 37 3¢ bprerb anspaent o aoinic
. ved r canmbi ngtions . thereof, for exanple. Another
lightt vhélﬁ’tnﬁégra%?m‘%%"“e”?ﬁ&bﬁ#ﬁg 4ot Grebet, digee Sisplate inpasienably tragsparent
t o,tLhe surface on.the | ens-side 36 of the plate 34
(e'g-ngsbéi‘frﬂfl%?“%% Torthl e pelaEte being uspdrin fhesysiam 26 Ehe system 20
th | ate 34. The |ast lens elenment 22 has a | ens
of a%‘??f‘e[?"él 0L WaY Bt adepted doruse wishy fight wpvalengthsofisbout #Agnm, about 365 nm,
property. The wafer 24 has a wafer surface
ablo"‘é%“a{)%t pytd b3 mperdessdionexamplea e prstdtive gaspopepiate 34 may be
an enbodi ment, the |l ens-side surface 36 of the plate
madesfioragy ¢famedavirissofsiitdlenattbds indidingdtaiok sédessatilydimited to):
differs froma wafer-side surface characteristic for
quarteHesedmilien, (aFg) € i UMeRg enBrnitinativhethpleat, for 3damplf €The refractive
| ens-side surface 36 of the plate 34 may have a

index| cfifis-phatel B4 Bprdfaes 16 bacqat ©lor Blph6r thil @A HIGIAds 40, 42. The fluids
| ens-side plate wetting property that is nore closely
40, 47prefeRdy KaPe b Arab@RSndRLE bt 1.8 RERE e -
| ens sgﬂfage cﬁaracteristictthanﬁgﬁéy&£%§1}g?ggg¥ﬂfégiuhm
, 8416l ARGy AP A G &L hfid for ek iAH % ' it hid Wrefracti
pHre waf er - si dejisS u%?ﬁg% e%:%‘%% g’é g[ s’('eerlﬁg? F%B%(?ﬂntg é,\é%[rug?a% h?f rﬁg)a}cuve
ind f&n Gk asel g 1% e wafer..wetting. pr rt
" ex?ﬁe an thh(?méglllr g%é _g%(c}at e su?ﬁg%(&%%ﬁsgrag%re dlrdgivle sm‘f’ﬁ Bg?‘gﬁﬁé" Fater
. 3 f.the praotective transparent plate 34
o mﬂg‘nﬁ@‘; B854z e froibtFroinily Gus- Vi PERRery g e cpbadigept. But
- match.than jf not nodifjed) the wetting property of
in othgr ﬁgl%ﬁmtf’etb‘?sg ?a%{ﬁa"%ﬁé‘tqnéﬁ%ay Va8 f aces separately.
[0028] In an enbodi ment of the present invention, the
[0027)) ensFigiplige 34 mhybd AYQhntialy BRL NREAIY dBved, curved, or combinations

thereof, for example. Another advantage of an embodiment of the present invention is that the
surface on the lens-side 36 of the plate 34 may differ ﬁom the surface of the wafer-side 38 of the
plate 34. The last lens element 22 has a lens surface characteristic providing a lens wetting
property. The wafer 24 has a wafer surface characteristic providing a wafer wetting property. In
an embodiment, the lens-side surface 36 of the plate 34 may-havc a lens-side surface
characteristic that differs from a wafer-side surface characteristic fo_r the wafer-side surface 38 of
‘the plate 34. The lens-side surface 36 of the plate 34 may have a lens-side surface characteristic
providing a lens-side plate wetting property that is more closely matched to the lens wetting

property provided by the lens surface char_actexiétic than the wafer-side surface characteristic.
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‘last lens elenent 22 and the plate 34 may be static,
dynam c, or varying. Likew se, the wafer- side fluid
| ayer 42 between the plate 34 and the wafer 24 may be
static, dynamc, or varying. In the first enbodi nent
(descri bed above), the lens-side fluid 40 and the

waf er-side fluid 42 are preferably dynam c during a
al t hough either may vary

hot ol i t hogr aphy .process, |
AndJ SR gL it vetash AbackgH oL eudaio b4 FREb: Botesosely
inplified schematic of an inmersion optica
mat g?%@? WG Eling properinthanthe dans idg suiftse gharegterist¢. Thve, the
present invention being used in a photolithography
surfgees3 38 of fhe prastive wenspatens prisisci 4vpant be mprdifibcordaibirefico match (or
fluid 40 is static, and the wafer-side fluid 42 is
morgjglnseli watcH Hen ifinohwsodifictd thid wétthgifropaty cfithephytonsist 444 the lens
“hermtically seal ed between the plate 34 and the | ast

surfdcerwsparelelnent 22. The protective transparent plate 34

is attached to the last lens elenent 22. |In other
o0 the. | ast

rd t he, pl.at e i s stationary relatjve.

002§ ¢t ob SERMD5 o7 el Rt hed e T Byes A pesecn the
Al t hough_t h late_34 is "attached" to the |last _lens

last léqséﬂ’é‘wgt %ztz%n%itfe lﬁ%‘ﬁ 8? Eﬁ&;e e g@“"‘lﬂi::r(’é&wgahk&&’ﬁédh@ wafer-

. éhg | ast lens el enent 22, as they nmay be both attached

side hyid {ayer 42-hebyesn iy nidadrt o thewafer 24ymay be Saticadymagine dr vasying. In
last | ens el enment 22 via sone other portion of the

the fiysherabagdiment (drsertbed slnvah thy 1ag)side[fidB4) andrthawafertideliing A2 are
of the present invention, the plate 34 may be

prefexsblatdyoanaic lurieg apliotdithographyprobessmlibiwgh eithadnR6rarst beeween being
| ast |l ens el enment 22, the wafer 24, the wafer chuck

static 28] dymamdny - 12 conbi nati on thereof, when the |ast |ens
el ement 22 noves relative to the wafer 24 during use
in the first _an

005 o R 20 PR LB LTRSS 20
s B e A e e S YL 1
second embodiment, the lens-side fluid 40 is static, and the wafer-side fluid 42 is dynamic. The
lens-side fluid 40 may or may not be hermitically sealed between the plate 34 and the last lens
element 22. The protective transparent plate 34 is attached to the last lens element 22. In other
words, the plate 34 is stationary relative to the last lens element 22 during_ normal use of the
system 20. Although the plate 34 is “attached” to the last lens element 22, it may or may not be
directly attached to the last lens element 22, as they may be both attached to the immersion

head 26 (e.g., plate 34 attached to last lens element 22 via some other portion of the immersion
head assembly 26).

[0030] In an embodiment of the present invention, the plate 34 may be stationary relative to

. the immersion head 26, the last lens element 22, the wafer 24, the wafer chuck 28‘, or any




el emént 22 when the |last |ens el enment 22 noves

relative to the wafer 24. [0031) FIG 4 is a

sinplified schematic of an i mrersion optica

projection system 20 of 'a third enbodi nent of the

present invention being used in a photolithography

process In the third enbodinent, the plate 34
the waf er

conffilford c g B st e S 02 e relRin i ey diing use of
re at.J to th er 24.. The 34 is renovabl
the SySe A0, for ?X&H@ﬁe&%ﬁr st eﬂ&ereﬂégm?wﬁe%w%re heve (see e.g.,
enoval of the wafer 24. A wafer-side

FIGE P 3RGTT e afileysd g e eraniplahne d e imerviels bedoR go tedast ons

to route the wafer-side fluid flow 42 between the
elemsptA2when the jast {ang elgmprti22 aupvegyelative tosthelwatet 24.d i nl et 44
and outlet 48 are |ocated adjacent to the last |ens

[003¢] ey, 2% o IR disHRIaEL 9%%%%&{&% @?ic@ rp?(ﬁ%cqmgntgys%?m #Qofa

| ens-side fluid layer 40
iSO R AR Bl I8 B OHSEH R EPRRG e v
embdig AElE o fen e SR Pl s e R ehen it alos iy 2

’ yusing vacyum

Wh%% @&tﬂrﬂs de?%?t LSt aap e i, ”51'; e Tae s Boratached
tOthep‘Y%'Er WS g(‘iﬁtf%sp&rcggé’lﬂf;% ? phOt o t h 21£n%|vriafn5—31de

..the glate 34 the carrier 54 may be parked at a
fhuid il ¢ Andantlet X9se ndhe weikt dhupk 2hie rextp tisowabersidsttbvid Sow 42

In such cases, it may be desirable or

for e
betweep d:lﬂ’lprl@%?‘& and tlrel wifeni 2de A lops- pdc Riid gnlspidaed petipt 48 et lbyated
the carrier 54 during the photolithography processing.

adjaceno tor thellastderts lekempar 22i in ghesipaeesisrelpad 06 ARbvidd the leisidedTuid
54 may have any of a nunber of suitable shapes. FIGs.
layer £0A- 6C show sone illustrative exanpl es of ways (anong

many) in which the -13
[0032] FIG. 5 shows a plate carrier 54 positioned over the protective transparent plate 34.

The plate 34 may be laid on and retrieved from the wafer chuck 28 using the carrier 54, as shown
inFIG. 5. In a preferred embodiment, the plate 34 is picked up and retained by the carrier 54

using vacuum pressure, for example. Also, the plate 34 may be held to the wafer chuck 28

during a photolithography process using vacuum pressure.

[0033] After handling the plate 34, the carrier 54 may be parked at a2 convenient location
within the exposure system 20, for example. In such cases, it may be desirable or required to
minimize the parking space required by the carrier 54 durieg the photolithography processing.
To reduce the parking space requirement, the carrier 54 may have any of a number of suitable

shapes. FIGs. 6A-6C show some illustrative examples of ways (among many) in which the
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carrier 54 may be configured. FIGs. 6A-6C show top
views of the exanple carriers 54. In FIG 6A the
carrier 54 has a ring shape including vacuum grooves
and/ or distributed vacuum hol es about the ring 56,
for exanple. In FIG 6B, the carrier 54 has a cross

shape as another exanple shape. The lateral arm 58
B is pivotable coupled to

arr
carriéy 82 “faéi DE‘%FJF?§1 Fg?%r‘?%gc Wi VieHiRof tht @rmpleferises4. In
e fal toward the Iongltudlnal arm 60 when not
FIGDEXJS% ca“rl‘ff%ﬂw WpgRhers ieslnding vRaPmdEtenTet andd slisgibuted vacuum
IG 6C, the carrier 54 has a fork shape with two
h°1°5 AR A iipe OB BT e@mpleq dn BIGréBs the ominien ivis derass shap6 s anaher
adapted to be folded toward the central arm64 to
exarﬁ?léswe Bherlpienl sonieaftthe wimite $4coRIG. GR ispivanble whiptd to the
conserves space. Wth the benefit of this disclosure,
longiwudinal farr FQsorthatythelaterdl aimn 58 tuey At foldud tdwdrd kellyngitudabl #& 60
many ot her configurations for a carrier 54 wthout
whemiegan tisen FIG.66hehbive yatphathér exadplclpe. BIFIG bE, s 858A54 has a
i nvention. [0034] Although enbodi nents of the present

 fork shapewith owo pinstabily chipdsltsiceQns 65, These ATVARERISR adBs® 1o be
been described in detail, it should be understood that

folded 8624 fac CHARYAS 6%%w&éétﬂa&%%om%‘é’fok?éd ﬁ@%ﬁ%@, aﬁzgh

be made herein w thout departing f ron1the

conse?ﬁé.%@ﬁac@f WithGhd Eb‘ﬁ@ﬁ'ttdf His &isclo 0‘% 0 (ﬁ&' op&inérg g]f.\ﬁ %@d il likely

claims. Moreover, the scope e pre

realizk % Bth'err%ﬁﬁ%Fgl}%né ?og?%g%fggﬁ qh%u?rc]l aﬁ}%ﬁ{%@e&})@t and scope of

di nent's
n of matter, neans, nethods, and steps

10
ﬂwp%&£P8§%h' in the speC|f|cat|on As one of ordinary
skill inthe art will readily appreciate fromthe

[0034li sclAdhough embodithentd bEthe Piesdnd BBhticAAnd R 1O4E SRESof its advantages
machi nes, manufacture, conpositions of matter, neans,

have beeh Hesdsibedds déthi€ PSshould 86 8ftekodtha Whitis Qﬁaﬂgést @ﬁbs’ﬁﬂmgﬁs and
devel oped, t hat perforn1substant|ally t he “sane

alteratiohl Ghd B mAde haehH wﬁ‘dﬁu?&t% tﬁloﬂl dth’] gﬁgtgmg @%e o?ﬁa% ut;lveglﬁon as

t he correspondi ng enb

defineld %5; Itﬂezafvgcnﬁ&fzﬁﬁﬂkn gf[ofr&}vgll? 916%0 pe et the present application is not intended

to be limited to the particular embodiments of the process, machine, manufacture, composition of

matter, means, methqu, and steps described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present invention, processes, machines,
.manufacmre, compositions of matter, means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or achieve substantially the same result
as the corresponding embodiments described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to include within their scope such

processes, machines, manufacture, compositions of matter, means, methods, or steps.
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i nvention. Accordingly, the appended clains are

intended to include within their scope such

processes, machi nes, manufacture, conpositions of

matter, nmeans, nethods, or steps. -14 WHAT |'S CLAI MED

IS 1. An inmmersion optical projection systemfor

phot ol i t hography conprising: a last lens elenent; a

waf er chuck adapted to retain a wafer; a transparent
WIBARLS CLABAEPDSbet ween the | ast |ens el enent and the

waf er during a usage of the system the transparent

1 pl ake: L: .l ens-side surface a a fer-sjde
I sur a%;ﬁé’r% lﬁg Ogt 31/°§f BB At toi}gmﬁ%'}/?\%’ PMPHESWE: of
| en -%ide | uid | ocated between the |ast |ens el enent
an S? &5 QiSRG 4o surface of the transparent plate:
and t tem bei ng adapted to have a | ayer of
mf%‘?’%%‘é&?ﬁi”ﬂ&%@%ﬁ@ﬁ ween the wafer-side
surface of the transparent plate and the wafer. 2. The
i midTaangrs b ate degated befwsen the Eﬁsﬁym coment and the watkr during a usage of
wherein the wafer-side fluid is not fluidly connected
the gystopy the [rapsparsniielate beving a Bns-Stesurfaveeansli aomaferptidecstface;
projection system of claiml1l, wherein the |ens-side
f | thedystérh being addptedriv hive almkeofleiscidel fuid Theatdd bekeen the last lens
i mrer si on optical projection systemof claim 3,
clemghieand ithe ledsesideesnafacd of ehefthatiipdranfisiat; idf f er ent wet ting
property than the wafer-side fluid. 5. The i mrersion
opthe spskenPbedpEatab@A t5htSE & Ty of Walr MR A RERE L&D the

| ens-side fluid conprises an additive Included to

wafefBiie sirfiBe bORS trihsPSredt i aNEw e €NS-side fluid
wetting property

2. The immersion optical projection system of claim 1, wherein the wafer-side fluid is not

- fluidly connected to the lens-side fluid.

3. The immersion optical projection system of claim 1, wherein the lens-side fluid differs

from the wafer-side fluid.

4. The immersion optical projection system of claim 3, wherein the lens-side fluid has a

-

different wetting property than the wafer-side fluid.

5. The immersion optical projection system of claim 3, wherein the lens-side fluid
comprises an additive included to make the lens-side fluid have a lens-side fluid wetting property

that is better matched to a wetting property of the last lens element than to that of the wafer,

-15-




that is better matched to a wetting property of the
last lens elenent than to that of the wafer. -15 6.
The i mersion optical projection systemof claim 3,
wherein the wafer-side fluid conprises an additive
i ncluded to make the wafer-side fluid have a
wafer-side fluid wetting property that is better
mat ched to.a wettin roperty of the wafer than to
6. { hat BEFHESH dtoe| etiection gk of clim i dereia s BRisrside fluid
optical projection systemof claim1, wherein the
comlives 8 P ielpded ksl Waibrnide Brid e A wfersideshid wetting
optical, projectjion systemof claim1, wherein the
PK\RHFS@‘?’@%? %@f mafched te @ wsttingesonetly of the wafeT fhan tatet ofitigriast lens
optical projection systemof claim1, wherein the
elemgis- si de fluid conprises water and an additive. 10.
The i mersion optical projection systemof claiml,
wherein the wafer-side fluid conprises water and an

7. addiyei; L1 iFO3 j@@m ieal I hon s e
of cl afﬂ%erf&\/?ﬁggérhg})fr?@ﬁ(;eﬂ r ang)gtgiragﬁtl’ ‘glﬁeg%lgﬁ%eslgl{a}tstl éa’ifi]uéd

‘con?ﬁmkhﬁm£?5t | ens el ement, and wherein the |ens-side

: lurd l'ayer is static and is |ocated between the |ast
| ens el ement and the transparent plate. 12. The
i mer si on optical projection systemof claim 11,

8. whdbeimmerbien gpiicel prajecinfsysiim of elgier 1, whereitythe mater-sile dhid
that a wafer-side fluid flowrate is greater than a

comppsgswaiele fluid flow rate. 13. The inmersion optica
projection systemof claim12, further conprising: a
fluid inlet |ocated adjacent to the last |ens el ement

9. d uﬂ%rﬁm%cafpréj Qc%oﬁ ¥§stte%1n1)f ctlaql% 1, wherein the lens-side fluid

comprises water and an additive.

10.  The immersion optical projection system of claim 1, wherein the wafer-side fluid

comprises water and an additive.

11.  The immersion optical projection system of claim 1, wherein the transparent plate is
attached to the last lens element, and wherein the lens-side fluid layer is static and is located

between the last lens element and the transparent plate.

12. 'The immersion optical projection system of claim 11, wherein the wafer-side fluid layer

is dynamic, such that a wafer-side fluid flow rate is greater than a lens-side fluid flow rate.

13, The immersion optical projection system of claim 12, further comprising:

a flnid inlet located adjacent to the last lens element during a usage of the system, the
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-16 fluid inlet being positioned to route a fluid flow
bet ween the transparent plate and the wafer to provide
at | east part of the dynamic wafer-side fluid |ayer;
and a fluid outlet |ocated, adjacent to the last |ens
el enent during a usage of the system the fluid
outl et being positioned to receive at |east part of
ﬂtae fluid flow from between the transparent plate and
uisiRlel, heing posionsd dg e fluid dlowt befyigen theftrapspareay platgiand the wafer to
mq%gr-side fluid layer. 14. The inmmrersion optica
proypdgiaticpst Bt efthe dypaptc wafsr-sifle fluid fgver @ddh t he t r anspar ent
plate i s renovably attached to the |last |ens el enent.
15. 2 #yid optigidacaipd adiagsed to she lpst djne cleinent duying @nsagé ofthaisystem, the
1, wherein the transparent plate is renovably
fuigroutettheinis pesitioned terbenivect lrakt peir of the flaid kg fombetvwven the
system 16. The i mrersion optical projection system of
transbagntplbfe anth dreevafertth proviziest Bad @art bittheldyrayes whfer-sidy Daidil&yer.
when the last lens elenent is operably | ocated over
the wafer during a usage of the system 17. The

[ ' J.€ j: ' t f, clLa,m 16, .
S A M R A R —

er conpr
pacent, t he l.ast .1 ens el enent during a usage of
rem?ﬂdé’%’agtﬁ%l}e‘%?ﬁth?ﬁ%”F@n%‘?%‘f e fluid inlet being

positioned to route a | ens-side fluid fl ow between the
last lens elenent and the transparent plate to
15. pr db¢ wenatiod guist] mpajettionfsydthie of €iisr i wdierethytha frugsphrebi flate is
| ayer; and a lens-side fluid outlet |ocated adjacent
remdvablyhgadhedsto thewsfordREEMring W s A HeSFEem0f t he
system the lens-side fluid outlet being positioned to
receive at least part of the lens-side fluid flow
fr .he | ast. | ens elfnent and t he transparent

t ween t.h | ] [
16. pl & eelmflg‘rsbqnot}pﬁlaaz prgjedtign gj{steﬁcé? claym 1; yherein the lens-side fluid layer is

dypamic when the last lens element is operably located over the wafer during a usage of the -

system.

17.  The immersion optical proj ccﬁon system of claim 16, further comprising:

a lens-side fluid inlet located adjacent to the last lens element durhlg a usage of the
- system, the lens-side fluid inlet being positioned to route a lens-side fluid flow between the last
lens element and the transparent plate to provide at least part of the Ieﬁs-side dynamic fluid layer;
and

a lens-side fluid outlet located adjacent to the last lens element during a usage of the
system, the lens-side fluid outlet being positioned to receive at least part of the lens-side fluid
flow from between the last lens element and the transparent plate to provide at least paﬁ of the

lens-side dynamic fluid layer.
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| ens-side dynamic fluid layer. -17 18. The i mrersion
optical projection systemof claim17, wherein the
waf er-side fluid |ayer is dynamc, and further
conprising: a wafer-side fluid inlet in the wafer
chuck, the wafer-side fluid inlet being positioned to

route a mafer side fluid fl ow between the transparent
fer-s ynam c.

| a the r tq.provide_the
1) ufT§ e gl iR 65 S Pt o (e i lnyer
is cgﬁ@@ﬁh the wafer-side fluid outl et belng
5”%?? FEOPREES e at | east part of the wafer-side
fluid éwgntbetmeen t he transparentiﬁﬁate and the
waf B 6631 ¢ Sy drdetip ghepdia chugky thepfriride fuid inket beiggpositioned to
19. The inmmersion optical projection systemof claim
rouje a ypfer-gielyd fawdetver the transngrent ploje pud ibe wafer tdwrovide the
wafer-side fluid |ayer differs froma lens-side fluid
wafer-gige fypemicfiuid fayer; emk - si de fluid layer. 20. The
i mrer si on optical projection systemof claim1,
wher wifpr-dideelideutlet ertbe whienehnck aswafel-gdshsid bhtde Being positioned
characteristic providing a | ens wetting property, the
to rewaiverat leass part ofthewafsnsiladieid Cloar o Bérvsdd the BiRYAEhHtdand the
waf er wetting property, the | ens-side surface of "the

waftr te paivite i witbadi@ dasma e Ry&i de surface
characteristic, the wafer- S|de surface of the

transpar ent plate has a wafer-side surface
e | ens-side surface

chgiacterlstlc afnd. th

S EBTTICR pRtical Brplestoney 7 OF et avhoesinit wafsr-side uid fow rate
char act er 21. The immersion optical j ection

of the yeafer; ﬁtdaﬁf“&t aysrdsffsrs fivap dang-side dluiddfos @twn&dp jde fluid layer.
characteristic of the lens-side of the transparent
plate provides a |ens-side plate wetting property

20. t h@lhe ifindi@brLopticat chn'ﬁﬁtsfé?éﬂ of &alme whefdh Wet ting
property provided by the |ens surface
the last lens element has a lens surface characteristic providing a lens wetting property,
the wafer has a wafer surface characteristic providing a wafer wetting property,
the lens-side surface of the transparent plate has a lens-side surface characteristic,

_the wafer-side surface of the transparent plate has a wafer-side surface characteristic, and

the lens-side surface characteristic differs from the wafer-side surface characteristic.

21.  The immersion optical projection system of claim 20, wherein the lens-side surface
characteristic of the lens-side of the transparent plate provides a lens-side plate wetting property

that is more closely matched to the lens wetting property pfovided by the lens surface

characteristic than the wafer-side surface characteristic of the wafer-side of the transparent plate.
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characteristic than the wafer-side surface ‘
characteristic of the wafer-side of the transparent
plate. -18 22. The inmersion optical projection system
of claim 20, wherein the wafer-side surface
characteristic of the wafer-side of the transparent

pl ate provides a wafer-side plate wetting property

,that,is nore closely matched tg the wafer wetting .
2201 o gy EmgHigy rfasal Iﬁéeﬂ? sy of claim 20y sdercipdhowiterside susface

hthan.t.he | ens-side surface characterjstic of the )
chiracierisic githe wafergide phthe Bansasrent Diateprevidess walkesidentate sicting
optical projection systemof claim1, wherein the
Propexy, hitis BEe Glosglvematelisd by the wefeq watting prapsrty Fowidedrbeths wafer
optical projection systemof claim1, wherein the
surfge ghamsteaistic thamthe leomde swise R terizbe offthelehssivy of thertransparent
optical projection systemof claiml1, further
plattonprising a carrier for noving the transparent
pl ate, wherein the carrier has at |east one pivotable
coupled arm 26. The immersion optical projection
sy , j ej emis. adapted for
23. o Rl i pro OB P Bk B 1 Bherfy B Wi
[ per sion optical projection systemof claim1l,
mn%#%%éﬁﬁg%he systemis adapted for use with
wavel engt hs of about 248 nm 30. The i mersion optica
projection systemof claim1, wherein at |east part of
24. t hd'he imrersipa pptidal ghttioni sgstat bs tlaind | ablcyeif thatransparentllate
i mrer si on optical projection systemof claiml,
compliges €bFy. at | east part of the transparent plate is
cur ved.

25.  The immersion optical projection system of claim 1, further comprising a carrier for

moving the transparent plate, wherein the carrier has at least one pivotable coupled arm.

26.  The immersion optical projection system of claim 1, wherein the system is adapted for

use with wavelengths of 193 nm or less.

27.  The immersion optical projection system of claim 1, wherein the system is adapted for

use with wavelengths of about 248 nm,

- 30.  The immersion optical projection system of claim 1, wherein at least part of the

transparent plate is substantially flat.

31.  The immersion optical projection system of claim 1, wherein at least part of the

transparent plate is curved.
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-19 32. An immersion optical projection systemfor
phot ol i t hography conprising: a last lens elenent; a
transparent plate attached to the last |ens el enent;
and a static layer of lens-side fluid | ocated between
the last lens elenent and the transparent plate. 33.
The i nmersion optical projection systemof claim 32,

fur rising:. . a wafer chuck adapted to retain a
52,01 A0 S ERR Rl oien e Sl b R eontprsistn o
Iayg&mqg m?feriside fluid | ocated between the
transpafgﬁeﬁﬁpﬁte and the wafer when the last |ens
el enent is operably |ocated over the wafer during a
phot BIFRHIYP ?heéﬁ‘bé%!“@ﬂ‘.ls efpreentddr si on opti cal
prg{eciion systemof claim33, further conprising: a
f 1 A SRte st of lgrsaidedfluidiiopatechbetwepntthelastdens elemant aad dreetransparent
during a usage of the system the fluid inlet being
Plaigositioned to route a fluid flow between the
transparent plate and the wafer to provide at |east
part of the dynam c wafer-side fluid |layer; and a

33. T | o itdBh op@RGPHBRAA sgﬁgzﬂtoftslﬁiéﬁ 5‘%2%@%} %‘Jd‘?‘q%' gl ement

during a usage of t'he system t bei ng

POSaF R BAlsf 856 tofly Flahedsly part of the fluid flow

from between t ransparent plate and the wafer to

ot s ieZbeinf RRpe T hexBp e e P B o ortedeveon e
oot By B FRE BBe A) aBabob B o
coring RO TOREDRY e has a | ens. si de. surface and &

waf er - si de

34, The immersion optical projection system of claim 33, further comprising:

a fluid inlet located adjacent to the last lens element during a usage of the system, the
fluid inlet being positioned to route a fluid flow between the transparent plate and the wafer to
provide at least part of the dynamic wafer-side fluid layer; and

a fluid outlet located adjacent to the last lens element during a usage of the system, the
fluid outlet being positioned to receive at least part of the fluid flow from between the

transparent plate and the wafer to provide at least part of the dynamic wafer-side fluid layer.

35, Amethod fabricating an integrate& circuit chip, the method comprising:

placing a last lens element over a wafer, wherein a transparent plate is located between
he last lens element and the wafer, wherein the plate has a lens-side surface and a wafer-side
surface; | |

performing a photolithography process on the wafer;
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surface; perform ng a photolithography process on the
waf er; -20 providing a lens-side fluid between the

| ast I ens elenment and the | ens-side surface of the
protective plate during the perform ng of the

phot ol i t hography process; and providing a wafer-side
fluid between the wafer-side surface of the protective

plate t he, uring the perfor of th
PhorS eﬁad?ﬂgawﬁ%%men stk Sl e enseirsuece ofthe
erei.n the | I de fI atic and the
Pfﬂvf\%ﬁé‘“rﬂ%ﬁe gwring ?Jaer e@haﬁ?}lﬁlﬁgaleh@ra@ssﬁ &dri ng of
t he oI|thography process 37. The nethod of claim
35, Pffmgﬁﬂ 7 i afergide @H&@%ﬂﬂhwﬁeﬁ%ﬁe@yﬁm of thermgotedtive plate and
wafer-side fluid is dynamc during the perform ng of
the pwaer dn ?PW@EW@QW@@@Q@O%QYPTMSmt hod of claim
35, wherein the lens-side fluid has a |lens-side fluid
now rate, wherein the wafer-side fluid has wafer-side

- 36.f | UMtd nfekiRWof &hith 3 2R ELE 1hs- Elggﬂllfliprﬂsss- .cda%dftﬂe%ﬁe {d: ¥nid is

rate differs fromthe wafer-si

dynfiHicl Angd A€ [ Lhogr aphy
ynpr gcess Swn%ﬂi net%%d%t)té}?lﬁ%ﬁgpﬂr?@b%&gher ein the
| ens-side fluid differs fromthe wafer-side fluid. 40.

The nmet hod of claim 35, wherein the lens-side fluidis
37. notlhe mgihed of deimridc wheteindhe Ines-sideffBud issiydemicland the wafer-side fluid

is dynamic during the performing of the photolithography process.

- 38, The method of claim 35, wherein the lens-side fluid has a lens-side fluid flow rate,
wherein the wafer-side fluid has wafer-side fluid flow rate, and wherein the lens-side fluid flow

rate differs from the wafer-side fluid ﬂew rate during the performing of the photolithography

- process.

39.  The method of claim 35, wherein the lens-side fluid differe from the wafer-side fluid.

40,  The method of claim 35, wherein the lens-side fluid is not flnidly connected to the wafer-

side fluid.
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