ANTI - CORRCSI ON LAYER ON OBJECTI VE LENS FOR LI QUI D | MVERSI ON LI THOGRAPHY
APPLI CATI ONS BACKGROUND [ 0001] The present disclosure relates generally to
| enses for photolithography systens and, nore particularly, to an
objective lens for use in a liquid imersion |ithography process. [0002]
The sem conductor integrated circuit (1C) industry has experienced rapid
grow h. Technol ogi cal advances in IC materials and design have produced
generations of 1Cs where each generation has nore conplex circuits than

t he previous generation. However, these advances have increased the

conpl exity of processing and manufacturing ICs and, for these advances to
be realized, simlar developnents in |IC processing and manufacturing have
been needed [0003] The grow h of the sem conductor IC industry is driven by
Moore's law. "The conplexity of m ninum conmponent cost has increased at a
rate of roughly a factor of two per year"”. In the course of integrated
circuit evolution, functional density (i.e., the nunber of interconnected
devi ces per chip area) has generally increased while feature size (i.e.
the small est conponent or line that can be created using a fabrication
process) has decreased. This scaling down process generally provides
benefits by increasing production efficiency and | owering associ ated
costs. [00041 One of the factors enabling the continued mnimzation of
feature size is inprovenent in photolithography and its ability to print
smal | er features. The mninmum feature size in an optical |ithography
system may be det eANTREIDRROSEON LAWER ONrGBIECTIVEVMENS KORrel ated to | the
wavel engt h of | i ghLIQUID IMPERSIONLITHOGBAPHY ARPLICATIQNS shi nes.

Accordi ngly, one approach to reducing feature size and inproving
resolution is to use light with a shorter wavel ength. Another approach is
to use a nediug:betmeen the Il ens and the substrate other than air. Since
the ind tion of a nedium (referred to as "n') is larger than
one, the wavelength in the nmediumis reduced by the factor of n. This may
i mprove joeex| ut Tierpresent disclosure relates generally to lenses for photolithography systems and,

more particularly, to an objective lens for use in a liguid immersion [ithégraphy Process.

[0002]  The semiconductor integrated circuit (IC) industry has experienced rapid growth.
Technological advances in IC materials and design have prodqced generations of ICs where each
generation has more complex circuits than the previous generation. However, these advances
have increased the complexity of processing and manufacturing ICs and, for these advances to be
realized, similar developments in IC processing and manufacturing have been needed.

[0003]  The growth of the semiconductor IC industry is driven by Moore’s law: “The
complexity of mimimum component cost has increased at a rate of roughly a factor of two per
year”. In the course of integrated circuit evolution, functional density (i.e., the number of
interconnected devices per chip area) has generally increased while feature size (i.e., the smallest
component or line that can be created using a fabrication process) has decreased. This scaling
down process generally provides benefits by increasing production efficiency and lowering
associated costs.

[0004] One of the factors enabling the continued minimization of feature size is
improvement in photolithography and its ability to print smaller features. The minimum feature

size in an optical lithography system may be determined in part by diffraction, which is related to



] 0005] One such nethod of enhancing resolution using a non-air nediumis
referred to as imersion |lithography. Depending on the inserted nmedi um

i mrersion |ithography may be classified as solid inmersion |ithography or
liquid imersion |ithography- However, in liquid imrersion |ithography,
there may be chem cal reaction between an optical |ens used during

| it hography and the liquid used for imrersion. Such a chem cal reaction nmay
darmage the optical system and degrade the system s resolution. [00061
Accordingly, what is needed is an inproved optical |ens and met hod of
manuf acturing such a | ens. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] The
present disclosure is best understood fromthe follow ng detail ed

descri ptthmavevdﬁgtﬂ of Egi aid th8 mkdiemaleoegipaliiyh the lithighines . Adcbrdinglyesghasi zed
that, in acc th the standard racti.ce in.the.industry, various
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[0008] Fig. 1 is a schematic view of an exenpl ary | iquid inmersion
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[0006] Accordingly, what is needed is an improved optical lens and method of

manufacturing such a lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007) The present disclosure is best understood from the following detailed description
when read with the accompanying figures. It is emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for clarity of discussion.
[0008]  Fig. | is a schematic view of an exemplary liquid immersion lithography system

‘ using an objective lens having an anti-corrosion coating.
[0009] Fig. 2 is a schematic view of one embodiment of the objective lens of Fig. 1 having
the anti-corrosion coating.
[0010] Fig. 3 is a schematic view of another embodiment of the objective lens of Fig. 1
having the anti-corrosion coating on one surface and an anti-reflection coating on the opposite
surface.
[0011] Fig. 4 is a schematic view of yet another embodiment of the objective lens of Fig. 1

having the anti-corrosion coating and an anti-reflection coating on the same surface.



[0013] Fig. 6 is a flow chart of an exenplary nethod for making a | ens

el ement having an anti-corrosive coating. [0014] Fig. 7 is a flow chart of
an exenplary nmethod for using a | ens having an anti- corrosive coating.
DETAI LED DESCRI PTI ON [ 0015] The present disclosure relates generally to

| enses for photolithography systens and, nore particularly, to an
objective lens for use in a liquid imersion |ithography process. It is
under st ood, however, that the follow ng disclosure provides nany different
enbodi ments, or exanples, for inplenenting different features of the

i nvention. Specific exanples of conponents and arrangenents are descri bed
below to sinplify the present disclosure. These are, of course, nerely
exanpl esjogyzy armg 3G a schtBaidedewt of sttt ahdtm'rteinhg;limbm ofitigiobjective letsef Pigebent

di scl osure. may repeat referean%Bunera ﬁ?%nd/or etters in the varjous

exanpl esha‘”l’ﬁftse *‘F‘%‘ﬁ‘é‘f"?SE"i“(?Ha‘t“’ﬁ§n rsf -5 fipehigR eoa5pe 9F B S ER RS AE R %r i ty and
does notanhx}eﬂd‘cﬁ&,jJoamgcctnah@op@ogielsﬁacenshl p between the various enbodinents

and/ or configuratiagns _discussed. e in one

eboa aRI3) 3. Fiey s Pt Ereeh o PreERRgsy sy Ly e pers <Pmer e &1 ghe
source L1LQ.coRfkivecbffignati on system (e.g., a condenser) 120, a photomask
130, and an obj ectlve | ens 140. An_imrersion liquid 150 may he used with

t he systl@Pa4100 ki 7ds ﬁﬂ?ﬁcﬁlwfaﬁé’?‘?ﬁm‘%ﬂ“’wd?rﬂﬁf’%é}‘?‘?SB?Y“bg%“é’ﬁf’conductor
substratg Fgggzogg%}7] The |ight source 110 naybe any suitable |ight source.
For exanple A I ght source 110 may be a nercury |anp having a

wavel ength of 436 nm (G line) or 365 nm(l-line); a Krypton Fluoride (KrF)
exci mer ﬁ%?ﬁiLﬁﬁﬁ#%ﬁﬁ#%t?pQ%h of 248 nm an Argon Fluoride (ArF) exciner

| aser w 93 run; a Fluoride (F2) excinmer laser with a
wavel ength of 157 nm or other Ilght sources having a wavel ength bel ow :
appr oxi {;ﬁj;y T30 pPiltn 30k ik %E&Eﬂfy%ﬁ}{séY&%ﬁ%ln%@ﬁbﬁﬁyﬁéﬁﬁﬂfdhs bel ow

appr oXi run varl ous stem conponent s my denbnStrate a hi gh
| evel ofmexbsmtlptlarlmto iﬁmbpcmméorsm incadliqyid igwppssion lithography process. It is

understood, however, thqt the following disclosure provides many different embodiments, or

examples, for implementing different features of the invention. Specific examples of
components and arrangements are described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be limiting. In addition, the present
disclosure may repeat reference numerals and/or letters in the various examples. This repetition
is for the purpose of simplicity and clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.
[0016]  Referring to Fig. 1, in one embodiment, a liquid immersion lithography system 100
includes a light source 110, an illumination system (e.g., a condenser) 120, a photomask 130, and
an objective lens 140. An immersion liquid 150 may be used with the system 100 to aid in the
formation of a pattern on a semiconductor substrate 160.
[0017] The light source 110 may be any suitable light source. For example, the light source
110 may be a mercury lamp having a wavelength of 436 nm (G-line) or 365 nm (I-lime); a

. Krypton Fluoride (KrF) excimer laser with wavelength of 248 nm; an Argon Fluoride (ArF)
excimer laser with a wavélength of 193 nm; a Fluoride (F,) excimer laser with a wavelength of
157 nm; or other light sources having a wavelength below approximately 100 nm.
[0018]  In lithography systems with wavelengths below approximately 157 nm, various

system components may demonstrate a high level of absorption. This may be solved by some



extent wwth the use of reflective optics, but these optics may introduce
ot her chall enges. Imersion |ithography may be used to reduce feature
sizes in lithography while addressing sone of the concerns with

wavel engt hs below 157 rim It is understood that in the above description

of light sources, each light source may have a certain wavel ength
distribution, or line wwdth, rather than an exact single wavel ength. For
exanple, the I-line (e.g_, 365 run) wavel ength of the mercury |anp may not

be exactly 365 rnn, but may be centered at approximately 365 run with a
range of varying wavel engt hs extendi ng above and bel ow 365 nm This range
may be used to determine a mninmum possible |ine width during
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quorlde(Ll F), or bariumfluoride (BaF2). The materials used for each
| ens el éﬁ@ﬁ{anwntw@b%qqugw s Risesl slicad BiO2) relatively free of defects, such as

borosilicate glass and soda-lime glass. The absorption layer may be formed using a number of
different processes and materials, such as depositing 2 metal film made with chromium (Cr)
oxide and iron oxide, or an inorganic film made with MoSi, ZrSiO, SiN, and/or TiN. The
absorption layer may be patterned to have one or more openings through which light may travel
without being absorbed by the absorption layer.
[0021] The objective lens 140 may comprise a single lens or a plurality of lens elements
illustrated as 170, 172, 174. As will be described later in greater detail, each lens element may
include a transparent substrate and may have an anti-reflection coating (ARC) on at least one
surface of each lens element. The transparent substrate may be a conventional cbjective lens,
and may be made of fused silica (Si0;), calcium-fluoride (CaFa), lithium fluoride (LiF), or
barium fluoride (BaF;). The materials used for each lens element may be chosen based on the
wavelength of light used in the lithography process to lessen absorption and scattering.
[0022] At least one lens element may also have an anti-corrosion coating (ACC) to minimize
or prevent corrosion of the objective lens 140 by the immersion liquid 150. If the immersion

liquid 150 is corrosive, the lens element 170 may have an asymmetric coating. For example, the



wavel ength of light used in the lithography process to | essen absorption
and scattering. [00221 At | east one lens elenent may al so have an
anti-corrosion coating (ACC) to mnimze or prevent corrosion of the
objective lens 140 by the imrersion liquid 150. If the imersion liquid
150 is corrosive, the lens elenment 170 may have an asymetric coating. For
exanple, the 4 lens elenent 170 nmay have an ARC on one surface and an
anti-corrosion coating on the surface that is proximate to or in contact
with the immersion liquid 150- In the present exanple, the lens el enent
170 of the objective tons 140 may be in direct contact with the i mersion
liquid 150. The inmmersion |iquid 150 may be sel ected both for optical
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material may be chosen based on the wavelength of light used in the lithography process.

[0025] The ACC 220 may be formed either directly on or proximate to (if there are
intervening layers) the transparent substrate 210. The material forming the ACC 220 may be
selected to adhere relatively well to the transparent substrate 210, to be transparent to the light
used during lithography, and to be chemically stable with the immersion liquid 150. Itis
understood that the material may change depending on the particular immersion liquid used
during lithography. In the present example, chemically stable indicates that the chemical
reaction rate between the ACC 220 and the immersion liquid is less than 107 per hour, where the
chemical reaction rate is defined as the decrease of the relative thickness of the ACC 220 per
hour. The chemical stability of the ACC 220 in the immersion liquid 150 enables the ACC to
protect the lens element 170 of the objective lens 140 from damage by the immersion liquid.
Accordingly, the resolution of lithography may be maintained while prolonging the lifetime of
the objective lens 140.

[0026) As one example, Si0, may be used for the ACC 220 when the transparent substrate

210 is formed of CaF,, LiF, or BrF,. SiO; is compatible with water used as the immersion liquid



during lithography. In the present exanple, chemcally stable indicates
that the chem cal reaction rate between the ACC 220 and the i nmmersion
liquid is less than | e per hour, where the chemcal reaction rate is
defined as the decrease of the relative thickness of the ACC 220 per hour.
The chem cal stability of the ACC 220 in the imersion liquid 150 enabl es
the ACCto protect the lens elenent 170 of the objective |lens 140 from
damage by the imersion liquid. Accordingly, the resolution of |ithography
may be maintained while prolonging the lifetinme of the objective | ens 140,
[ 00261 As one exanple, SiO2 may be used for the ACC 220. when the
transparent substrate 210 is fornmed of CaF2, LiF, or BrF2. Si02 is
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ARC 3 1QVa}JopanBEQ,rg%ga§§@;0“%arrpl e, the ARC 3 10 is p05|t|oned proxi mate to
the transparent substrate 10 on the side g@ 03|t§ the ACC . 220. The ARC 3
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220. The ARC 310 may have a multilayer structure or a graded structure where the refractive

index of the ARC changes gradually to match the refractive indexes of neighboring materials.
The ARC 310 may use an organic material containing at least one of hydrogen, carbon, and
oxygeﬁ; compound materials including MgF;, SiO, Cry03, ITO, 5i0;, SiN, Ta0s, Al;O;, TiN,
and ZrO; metal materials such as Al, Ag, Au, and In; or a combination thereof.

[0029] Referring now to Fig. 4, still another embodiment of the lens element 170 is
illustrated with the transparent substrate 210, the ACC 220, and an ARC 410. In the present
example, the ARC 410 is positioned between the transparent substrate 210 and the ACC 220.
The ARC 410 may have a muitilayer structure or a graded structure where the refractive index of
the ARC changes graduaily to match the refractive indexes of neighboring materials. The ARC
410 may use an organic material containing at least one of hydrogen, carbon, and oxygen,
compound materials including MgF-, 8i0, Cr,03, ITO, S10,, SiN, TaOs, ALO,, TiN, and Zr0O;
metal materials such as Al, Ag, Au, and In; or a combination thereof.

[0030] Referring now to Fig. 5, yet another embodiment of the lens element 170 is illustrated
with the transparent substrate 210, the ACC 220, and the two ARCs 310, 410. In the present
example, the ARC 310 is positioned proximate to the transparent substrate 210 on the side
opposite the ACC 220, and the ARC 410 is positioned between the transparent substrate 210 and



oxygen; conpound materials including MgF2, SiO, C,203, ITO SO, $iN,
Ta®b, A1203, TiN, and ZrG netal materials such as Al, Ag, Au, and in; or a
conbi nati on thereof [00291 Referring nowto Fig, 4, still another

enbodi nent of the lens elenment 170 is illustrated with the transparent
substrate 210, the ACC 220, and an ARC 410. In the present exanple, the
ARC 4 10 is positioned between the transparent substrate 2 10 and the ACC
220. The ARC 410 may have a multilayer structure or a graded structure
where the refractive index of the ARC changes gradually to match the
refractive indexes of neighboring materials- The ARC 410 may use an
organic material containing at | east one of hydrogen, carbon, and oxygen;
conpound materials including MgF2, SiO, Cr203, ITO Si02, SIN TaGs, A1203,
Ti N, anghe AC@ 220Mmeinabr e ARCAB 50, 4UE hapsavAk mulfayeAstruchangor argradsd sauctwerbi nat i on
t hereof 100301 Referring._no Fig. 5, t._an er odi f the lens
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exanpl e Is i1flustrated wth respect to lens elenent 170 of
Fig. 3. methodstep 610, a surface of the lens element 170 is prepared. The

T e e
one o,r-both of the imm,ersion liquid with which the lens elenF’)lent F370 is to be used and the
material of the lens element 170. For example, if the lens element 170 comprises CaF2, LiF, or
BrF, and water is to be used as the immersion liquid, then SiO; may be selected as the ACC
material. Other materials that may be used for the ACC 220 include indium tin oxide (ITO),
polymer, and the non-photo-active resin of a photoresist.

[0033] In step 630, the ACC is formed on one surface of the lens element 170. The ACC
may be formed either directly on or proximate to (if there are intervening layers) the transparent
substrate. The material forming the ACC may be selected to adhere relatively well to the
transparent substrate, to be transparent to the light used during lithography, and to be chemically
stable with the immersion liquid 150. 1t is understood that the material may change depending
on the particular immersion liquid used during lithography. In the present example, chemically
stable indicates that the chemical reaction rate between the ACC and the immersion liquid is less
than 10°% per hour, where the chemical reaction rate is defined as the decrease of the relative
thickness of the ACC 220 per hour.

[0034] In the present example, the thickness of the ACC may be less than 1000 um, and the

surface flatness of the ACC may be controlled so that the variation of the surface is less than the

half of the wavelength of the light used in lithography. In some embodiments, the thickness of



met hods. [0032] In step 620, a material for an ACC (e.g., the ACC 220 of
Fig. 3) is selected based on one or both of the imersion liquid with
which the lens elenment 170 is to be used and the material of the |ens

el ement 170. For exanple, if the lens elenent 170 conprises CaF2, LiF, or
BrFz and water is to be used as the immersion liquid, then Si 02 nmay be
selected as the ACC material. Oher materials that may be used for the ACC
220 include indiumtin oxide (1 TO, polyner, and the non-photo-active
resin of a photoresist. [0033] In step 630, the ACCis formed on one
surface of the lens element 170. The ACC may be forned either directly on
or proximate to (if there are intervening |layers) the transparent
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other lens elements into an objective lens. It is understood that such assembly may not be

required. For example, the lens element may be used alone or may already be part of an
objective lens when one or both of the ACC and ARC are formed. Other lens elements used
with the lens element 170 may or may not have an ACC or an ARC.

[0037) Referring to Fig. 7, a method 700 illustrates an exemplary use of the objective lens
170 of Figs. 1-5 during liquid immersion lithography. In step 710, an objective lens having a -
suitable ACC is selected based at least partly on a liquid fo be used during the immersion
lithography. As the ACC is to protect or minimize corrosion of the lens by the immersion liquid,
the material used to form the ACC should be a factor in selecting an objective lens. An
exemplary immersion liquid may have an index of refraction larger than one, relatively low
optical absorption at a predetermined wavelength such as 193 nm, and may be compatible with a
photoresist applied to the semiconductor substrate. In addition, the immersion liquid may be
relatively chemically stable, uniform, non-contaminating, bubble-free, and thermaily stable. As
an example, pure water may be used as an immersion liquid. Further, the temperature of the
immersion liquid may be controlled due to its effect on shifting the index of refrgction.

[0038) At step 720, the immersion liquid is dispensed between the substrate to be patterned

and the objective lens, with the objective lens positioned with the ACC close to or in contact



change gradually to match the refractive i ndexes of neighboring materials.
The ARC nay conprise organic material containing at | east one of hydrogen,
carbon, and oxygen; conpound materials including Cr203, ITO SiQ2, SiN,
TaOs, A1203, TIN, and ZrQ netal materials such as A, Ag, Au, and In; or
conmbi nation of thereof. It is understood that the ARC may not be used on
the lens elenment 170, or may be forned on the surface prior to formng the
ACC on the sanme surface (e.g., Fig. 4). [00361 In step 650, the |ens

el enment 170 with its ACC and ARC may be assenbled with other lens elenents
into an objective lens. It is understood that such assenbly may not be
requi red. For exanple, the |lens el enment may be used al one or may al ready be
part of G theRhB&tibY 8qdi€ NG \Whas ehiifdnts) thie lbbjettivieNéns A baadleARGaray keld or med.

O her lens elements used wth the |lens elgnent 170 may or may not have an
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in position by the surface tension of the imrersion liquid. [00391 At step

730, the objective lens is illumnated to performlithography on the
substrate. The illumnating light may be froma nercury lanp with a
wavel ength of 436 nm (G line) or 365 nm(l-line); a Krypton Fluoride (KrF)

excinmer laser with a wavel ength of 248 rim an Argon Fluoride (ArF)
excinmer |laser with a wavel ength of 193 tun; or a Fluoride (F2) exciner

| aser with a wavel ength of 157 nm For exanple, a 193 nm ArF exci ner | aser
may be used in liquid imersion |ithography to enhance the.resolution of
the pattern. [0040] The present disclosure has been described relative to a
preferred enbodi nent. |nprovenents or nodifications that becone apparent
to persopnHAf I9CUAED BKi |l in the art only after reading this disclosure
are deemed within the spirit and scope of the application. It is
understood that several nodifications, changes and substitutions are
intended in tihe f @ng@Giised P BehREMDyaedeRnbinBRwhAnAMGESgR@MENd eat ur es
of the invention will be enployed without a correspondi ng use of other

f eat ur estiqukiswpagionphptolithogiaghy, Hisless FPBREINEhat t he appended cl ai ns be
construed broadhyaaRtkubiirag; FRNNEr consistent with the scope of the
invention 9 WHAT'IS CLAIMED |S: | A lens adapted for illumnation by a

pr edet er i ned laygyef astiporiondn qoptig(AGGD fomged pioginate tp thedraasngrent substrate,

photol it : Vi . | St N imsibssy ate; and a |ayer
of anti l‘?%e?%gg{gcﬁlcé:gz’? %lﬁgﬁ?g%%?&#%;ﬂg}d“g% %ﬁ@%@r@? lt he tér{ams par ent '
subst r at photoliieeraphsnandithe tr@sparant pbsftaty to peatech te jiersragny supgttate fipsee duri ng t he
l'iquid ipgneysion photolithography and the transparent substrate to protect
the transparent substrate from the liquid. 2- The lens of claim1l wherein
the transparent substrate is CaF2. 3. The lens of claimI| wherein the

{ranspar ent. subSt il ol & ol whothin A bl s ldBdr, viher ef 1 the

t ranspar ent Substrate 1s

3. The lens of claim 1 wherein the transparent substrate is S5i0;.
4. The lens of claim 1 wherein the transparent substrate is LiF.
5. The lens of claim 1 wherein the transparent substrate is BaF,.
6. The lens of claim 1 wherein the ACC is Si0;.

7. The lens of claim 1 wherein the ACC is indium tin oxide.

8. The lens of claim 1 wherein the ACC is a polymer.

9. The lens of claim 8 wherein the polymer is 2 non-photo-active resin of a

photoresist.

10.  The lens of claim 1 wherein the predetermined wavelength of light is centered at

248 nm.

10



5. The lens of claiml| wherein the transparent substrate is BaF2. 6. The

l ens of claiml wherein the ACCis SiQ2. 7. The lens of claim| wherein the
ACCis indiumtin oxide. 8. The lens of claiml wherein the ACCis a
polynmer. 9. The lens of claim@8 wherein the polyner is a non-photo-active
resin of a photoresist. 10. The lens of claim| wherein the predeterm ned
wavel ength of light is centered at 248 nm. 10 11. The lens of claim]
wherein the predeterm ned wavel ength of light is centered at 193 nm 12.
The lens of claim 1 wherein the predeterm ned wavel ength of-li-ght-is |ess
than 100 Mh. 13. The lens of claim1 wherein the ACC has a thickness |ess
than 1000 m 14. The lens of claiml| wherein a fluctuation of surface
flatness of tipe Afi Ik dfelsn 1 whasinhiad gredeferined predeptrafiipeds vateeddeangt h of
light. 15. The lens of claim1l wherein the ACC has a chem cal reaction rate
with a I¥4@d is less than 10°5 per hour. 16. The lens of claim| wherein
the ACC has a thickness selected for both anti-corrosion and

anti-reflection. 17. The lens of claim 1 further éa% ? ﬁ
antireflecti dd cobhdlpry of airim) | whergin thaqpedetsrgingd wayelg "ﬂﬂté? gﬁsnt e ARC has
a rrultlplt yer structure. 19. The lens of claim 17 wherein the ARC has a
graded structure. 20. The lens of claim 17 wherein the ARC is an organic
material. 21. The | ens of claim17 wherein the ARC is a conpound materi al

sel ect e.d fr 0 l%ehlenss o%:la;% ?Qrﬁerel!n-[ﬁ% Aét(l)lgs ﬁicﬂnes?ﬁ@thaﬁ(%@im TiN, and ZrQ

or conbi nati

14. The lens of claim I wherein a fluctuation of surface flatness of the ACC is less

than half of the predetermined wavelength of light.

15. - The lens of claim 1 wherein the ACC has a chemical reaction rate with a liquid is

less than 107 per hour.

16. The lens of claim 1 wherein the ACC has a thickness selected for both

anti-corrosion and anti-reflection.
17.  The lens of claim 1 further comprising a layer of antireflection coating (ARC).
18.  The lens of claim 17 wherein the ARC has a multiple layer structure.
19.  The lens of claim 17 wherein the ARC has a graded structure.
20. The lens of claim 17 wherein the ARC is an organic material.

21.  The lens of claim 17 wherein the ARC is a compound material selected from

MgF,, Si0, Cry03, ITO, Si0,, SiN, TaOs, ALO;, TiN, and ZrQ; or combination of thereof.

22.  The lens of claim 17 wherein the ARC is proximate to the opposite surface of the

transparent substrate relative to the ACC layer.
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22. The lens of claim 17 wherein the ARCis proxinmate to the opposite
surface of the transparent substrate relative to the ACC | ayer. 11 23. The
| ens of claim17 wherein the ARC is positioned between the transparent
substrate and the ACC | ayer. 24. A method for fabricating an objective |ens
havi ng an anti-corrosion coating (ACC) for liquid imersion |ithography,
the nmet hod conprom sing: preparing a surface of a first |ens el enent;
selecting a material for the ACC based on a liquid used during the liquid

i mrersion |ithography, wherein a chemcal reaction rate of the ACC with
the liquid is less than 10 per hour, formng the ACC on a first surface of
the first lens elenent; and assenbling the first lens elenment with other

| ens elenments to formthe objective lens. 25. The nmethod of claim?24

R e R L S

conpri Siggsteraat g ATC AR on another |ens elenment of the objective |ens.
27. The nmethod of claim 24 wherein form ng the ACC i ncl udes depositing ACC
material to a predefined thickness for both anti-corrosion and
anti-reflectizan f AngdiiioddeH fabiriéatindGin obfeetiveaERGaving arcintii strrddombvatigg n f or i ng
the ACC involves a . spin coatin procesi. 29. The nethod of claim 24 wherein
f ormi ng (M)qulﬁv’BF\?’é?né“@E@Pg@érq‘W&et LTSRS Dr ocess. 30. The met hod

of claim 24 ywhareidh &idiond fithRnéiémédtyvol ves a chenical vapor deposition
rocess. 12
P selecting a material for the ACC based on a liquid used during the liquid immersion
lithography, wherein a chemical reaction rate of the ACC with the liquid is less than 107 per

hour;
forming the ACC on a first surface of the first lens element; and

assembling the first lens element with other lens elements to form the objective lens.

25.  The method of claim 24 further comprising forming an antireflection coating

(ARC) on a second surface of the first lens element.

26.  The method of claim 24 further comprising forming an ARC on another lens

element of the objective lens.

27.  The method of claim 24 wherein forming the ACC includes depositing ACC

material to a predefined thickness for both anti-corrosion and anti-reflection functionality.

28.  The method of claim 24 wherein forming the ACC involves a spin coating

process.

29.  The method of claim 24 wherein forming the ACC involvc_es a sputtering

deposition process.

30.  The method of claim 24 wherein forming the ACC involves a chemical vapor

deposition process.
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31. The nethod of claim 24 wherein formng the ACC i nvol ves an atom c | ayer
deposition process. 32. The nethod of claim 24 wherein formng the ACC

i nvol ves an evaporation process. 33. The nethod of claim 24 wherein formng
the ACC involves an epitaxy-process. 34. A nethod for patterning a

sem conductor substrate in a liquid imrersion photolithography process
usi ng an objective | ens having an anti-corrosion coating (ACC), the nethod
conprom si ng: selecting an objective |lens having a particul ar
anti-corrosion coating, wherein the selecting is based on a liquid used in
the liquid inmrersion photolithography process; dispensing the selected

i quid between the objective lens and the underlying substrate, wherein the
objective lens is positioned with the ACCin contact with the liquid; and

| LLum natlng f e B0l Cbos 6f clafit 24 ierdiS Tl R REL ihdoRI LR e Wt 1@

under | yi ng sd
deposition process.

32.  The method of claim 24 wherein forming the ACC involves an evaporation

process.
33.  The method of claim 24 wherein forming the ACC involves an epitaxy process.

34, A method for patterning a semiconductor substrate in a liquid immersion
photolithography process using an objective lens having an anti-cotrosion coating (ACC), the
method compromising:

selecting an objective lens having a particular anti-corrosion coating, wherein the
selecting is based on a liquid used in the liquid immersion photolithography process;

dispensing the selected liquid between the objective lens and the underlying substrate,
wherein the objective lens is positioned with the ACC in contact with the liquid; and

illuminating the objective lens to perform photolithography on the underlying substrate.
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