PHOTOLITHOGRAPHIC SYSTEMS ANT) METHODS FOR PRODUCING

SUB- DIFFRACTION-LIMITED FEATURES BACKGROUND Field of the
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systems and methods such as for use in fabricating semiconductor

devices. Description of the Related Art 10002]Conventional "far-field"

photolithography systems use light and a lens system to image a reticle

having a pattern thereon onto a layer of photosensitive material deposited

on a semiconductor wafer. Such conventional photolithography systems

are referred to as "far-field" systems because the image produced is in the

far field. Accordingly, the size of features in the reticle pattern that may be

reproduced on the layer of photosensitive material is limited by far-field

diffraction. The minimum feature size W that ma belgroduced usin%a
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Field of the Invention

[0001] The present teachings relate to photolithography systems and methods
such as for use in fabricating semiconductor devices.

Description of the Related Art

[0002] Conventional “far-field” photolithography systems use light and a lens
system to image a reticle having a pattern thereon onto a layer of photosensitive material
deposited on a semiconductor wafer. Such conventional photolithography systems are
referred to as “far-field” systems because the image produced is in the far field. Accordingly,
the size of features in the reticle pattern that may be reproduced on the layer of photosensitive
material is limited by far-field diffraction. The minimum feature size W that may be
produced using a conventional far-field photolithographic system is

W=k ~A—’}2 ¢)) |
where NA is the numerical aperture of the system, XA is the wavelength of light used by the

photolithography system, and %, is the resolution factor, which depends on other aspects of

the system including, for example, the aberrations introduced by the specific
photolithography system and the properties of the photosensitive material. According to this
equation, to produce smaller features, the photolithographic system must utilize smaller
resolution factor, a larger numerical aperture, a smaller operating wavelength, or a
combination thereof.

[0003] Current far-field lithographic systems include complex lens that are well-
corrected for aberrations. Accordingly, current far-field lithographic techniques have

decreased the resolution factor to k, = 0.3, which is slightly greater than the theoretical lower

limit of 0.25 for half-pitch imaging. These complex lens, however, may include many optical

elements and are expensive.
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NA where NA is the numerical aperture of the system, 2 is the wavelength

of light used by the photolithography system, and k, is the resolution
WaRH)8¥BIeh depends on other aspects of the system includi®§;iS2007/000299

example, the aberrations introduced by the specific photolithography

system and the properties of the photosensitive material. According to this

equation, to produce smaller features, the photolithographic system must

utilize smaller resolution factor, a larger numerical aperture, a smaller

operating wavelength, or a combination thereof. 10003]Current far-field

lithographic systems include complex lens that are well- corrected for

aberrations. Accordingly, current far-field lithographic techniques have
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the theoretical lower limit of 0.25 for half-pitch imaging. These complex

where light PreRpEUss TRy ik EoruRFdpie sV eigin %ﬁm%ﬂgwfer having
photoseMé@ivOHA8818 18R SROOUBRDIRAD aperture is limited to one. Immersion

lithography wherein the light propagates through a medium having an index of refraction
greater than one'has lead to increases in N4. Immersion techniques, however, suffer from
problems such as incompatibility of the fluid and the wafer, bubble formation, and
polarization effects. Further increases in NA are limited, however, because of the limited
range of compatible immersion fluids having refractive indexes above one.

[0005] Smaller features may also be produced by using light sources having
shorter operating wavelengths. Commercial photolithography systems may use visible light
having wavelengths in the range of 350 nm — 800 nm. Ultraviolet photolithographic systems
operating with wavelengths in the range of 100 nm — 350 nm may be used to print smaller
features. Ultraviolet systems, however, also suffer from drawbacks such as increased cost,
shorter lamp lifetimes, and lower efficiency. Furthermore, photoresist that is sensitive to
visible light is cheaper and more robust with respect to airbormne contaminants than
ultraviolet-sensitive photoresist.

[0006] Thus, what is needed are photolithography systems that are not restricted
to the diffraction limit of far-field optical systems and need not rely on use of complex and

expensive lenses, immersion techniques, or the use of ultraviolet wavelengths.

SUMMARY

(0007} A variety of different embodiments of the invention are disclosed herein.
Some of these embodiments comprise photolithographic systems comprising near-field
optical systems.

[0008] One embodiment, for example, comprises a photolithographic system for
exposing a photosensitive material having a first index of refraction and responsive to light
having a wavelength, A. The system comprises a plurality of features that are opaque to the
light, a dielectric material disposed forward of the plurality of opaque features, a superlens
disposed forward of the dielectric material and rearward of the photosensitive material, and
an intermediary layer between the superlens and the photosensitive material. The dielectric

material is substantially transmissive to the light. The intermediary layer comprises material
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[0004)The numerical aperture has also been increased. However, in
systems where light propagates through air from the lens system to the
waanmiceridiictor wafer having photosensitive material thereon,i&/US2007/000299

numerical aperture is limited to one. Immersion lithography wherein the

light propagates through a medium having an index of refraction greater

than one has lead to increases in NA. Immersion techniques, however,

suffer from problems such as incompatibility of the fluid and the wafer,

bubble formation, and polarization effects. Further increases in NA are

limited, however, because of the limited range of compatible immersion

fluids having refractive indexes above one. [0005)Smaller features may
substan@ifly bempiaiisoedbdyhusigytlighh shelreeehavbathghbfereoperating photosensitive
avelengths. Commercial photolithography systems may use visible light
aving wavelengths in the range of 350 nm -800 nm. Ultraviolet
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optical systems. 1000810ne embodiment, for example, comprises a

imerposﬁﬂo‘?&ﬁﬁﬁ?ﬂrébﬁié%{‘é?ﬁ fgd the layer of photosensitive material such that the

superlens is separated from the photosensitive material. The layer of photosensitive material
has a first index of refraction, and the intermediary layer has a second index of refraction
substantially equal to the first index of refraction. The system produces a near-field image of
the features in the layer of photosensitive material.

[0010] In some embodiments of this near-field photolithographic system, the real
part of the first permittivity is substantially equal to the absolute value of the real part of the
second permittivity. In ;:ertain embodiments of this near-field photolithographic system, the
features have a width that is smaller than the wavelength A. In certain such embodiments, the
width of the features is about A/6 or less. In another embodiment of the near-field
photolithographic system, the intermediary layer comprises an organic material.

[0011] Another embodiment is a method of fabricating an integrated circuit
device on a semiconductor wafer. The method comprises depositing a material to be
patterned over the semiconductor wafer. A photosensitive layer is deposited on the material
to be patterned. A superlens template is disposed in an optical path between a light source
and the photosensitive layer. The photosensitive layer has a first index of refraction and is
responsive to light having a wavelength, A. The superlens template comprises a plurality of
features substantially opaque to the light, a dielectric material disposed forward of the

plurality of opaque features, and a superlens disposed forward of the dielectric material and



exposing a photosensitive material having a first index of refraction and
responsive to light having a wavelength, X. The system comprises a

W RMAIG18fFeatures that are opaque to the light, a dielectric mE&(1&2007/000299
disposed forward of the plurality of opaque features, a superlens disposed
forward of the dielectric material and rearward of the photosensitive
material, and an intermediary layer between the superlens and the
photosensitive material. The dielectric material is substantially
transmissive to the light. The intermediary layer comprises material
substantially transmissive to the light with the material being different than
the photosensitive material. (0009]Another embodiment comprises a
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[0016] An integrated circuit device can be fabricated according to any of these
fabrication methods.

[0017] Another embodiment comprises a photolithographic system for exposing a

photosensitive material to a light beam. The system comprises means for blocking portions



rearward of the photosensitive layer. The dielectric material is

substantially transmissive to the light. The photosensitive layer has a first
Worndex@fipedraction and is responsive to light having a wavele®§tF,U$20p@g00299

method further comprises interposing an intermediary layer between the

superlens and the photosensitive layer to reduce contact of the superlens

with the photosensitive layer. The intermediary layer comprises material

substantially transmissive to the light. The light is directed into the

superlens template thereby exposing portions of the photosensitive layer

to the light. [0012]In some embodiments, the method of fabricating an

integrated circuit device further comprises developing the photosensitive
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into thefﬁgrggag%}ﬁggﬁgpd, the superlens comprises a layer of metal. In certain
such embodiments, the metal comprises silver, gold, or titanium.
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near-field photolithography system wherein the superlens template comprises opaque features

(shown) and a metal superlens layer (not shown).

[0020] Figure 2 is a cross-sectional view of an embodiment of the superlens
template taken through the line 2-2 in Figure 1 that shows both opaque features and the
metal superlens layer.

[0021] Figure 3 is a cross-sectional view of an embodiment of a near-field
photolithography system showing the superlens template disposed over a photosensitive
material and having an intermediary layer therebetween.

[0022] Figure 4A is a schematic diagram of an embodiment of a near-field
photolithography system wherein the intermediary layer comprises a coating on the
photosensitive material.

[0023] Figure 4B is a schematic diagram of an embodiment of a near-field
photolithography system using a flowing fluid as the intermediary layer.

DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS

[0024] Various embodiments of the invention comprise photolithography systems

that use a superlens template 14, a top view of which is shown schematically in Figure 1.



fabrication methods. 100171Another embodiment comprises a

photolithographic system for exposing a photosensitive material to a light
Wheh0sIRE3system comprises means for blocking portions ofGE/1ig07/000299

beam to form a pattern of light and means for generating plasmons with

the pattern of light. The system further comprises means for coupling the

pattern of light into the plasmon generating means and means for

protecting the photosensitive material from contact with the plasmon

generating means. The coupling means are substantially transmissive to

the light beam, and the protecting means are disposed such that light

couples out of the plasmons into the protecting means. 100181An
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and visible range of the electromagnetic spectrum from about 100 nm — 800 nm, and may
include, for example, the I-line of mercury lamps (A = 365 nm), krypton-fluoride excimer
lasers (A = 248 nm), or argon-fluoride excimer lasers (A = 193 nm). Use of visible
wavelength offers several advantages such as described above. However, other operating
wavelengths of light may be used, including extreme ultraviolet and infrared wavelengths.

[0026] Accordingly, in various embodiments, the substrate 18 is substantiall};
transmissive to light of the operating wavelength and may comprise materials such as glass or
quartz. Other materials that are substantially transmissive to light of the operating
wavelength may be used. The material comprising the substrate 18 may have a substantially
flat surface produced by, for example, polishing or planarization techniques, although the
surface may be other than flat.

[0027] Conversely, the features 22 may comprise material that is substantially
opaque to the operating wavelength. Other characteristics of the material comprising the
features 22 may include a low skin depth such that light is quickly absorbed into the material.
The features 22 need not be extremely thick to attenuate the light transmitted through the
substrate 23. Additionally, the material may resonate at frequencies far from the plasmonic
resonances of metals in the system. The material comprising the features 22 may also be able
to wet and adhere to the substrate 18. Suitable materials include, for example, chromium,
tungsten, titanium, titanium silicide, titanium nitride, silicon nitride, or their alloys or
composites. In certain preferred embodiments, chromium is used. The thickness of the
features 22 may range from 1 nm to 100 nm and may, for example, be about 50 nm. Other

materials and other thicknesses, however, may be used.



[0020]Figure 2 is a cross-sectional view of an embodiment of the
superlens template taken through the line 2-2 in Figure 1 that shows both

W pegsgtures and the metal superlens layer. 100211Figur&GIi&$2007/000299
cross-sectional view of an embodiment of a near-field photolithography
system showing the superlens template disposed over a photosensitive
material and having an intermediary layer therebetween. [0022]Figure 4A
is a schematic diagram of an embodiment of a near-field photolithography
system wherein the intermediary layer comprises a coating on the
photosensitive material. [0023]Figure 4B is a schematic diagram of an
embodiment of a near-field photolithography system using a flowing fluid
[0628E intarmadimnycaye mriA & REGCRIBHIY OREERBAiNble material
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techniques using conventional photolithography are used to pattern the features 22. For
example, material that is to comprise the pattern 23 is deposited on the substrate 18.
Photoresist is spun on, and the template 14 is exposed using a reticle or mask coﬁﬁgured to
produce the pattern 23 comprising the desired features 22. The photoresist is developed and
etched to the substrate 18, leaving the features 22 adhered to the substrate 18. This
embodiment may be suitable to print features 22 having pitches and sizes within the
capabilities of conventional photolithographic systems that expose photosensitive material
such as photoresist to pattern.

{0029] In another embodiment, features 22 that have pitches and sizes beyond the
capability of such conventional photoresist-based photolithographic systems may be
produced, for example, by charged particle beam lithography. For example, some
embodiments may utilize focused ion beam (FIB) etching or electron beam lithography
(EBL). Charged particle beam lithography advantageously may be used for limited-volume
production of templates 14, especially those with small-scale features 22. In one
embodiment, FIB lithography may be used to produce a pattern 23 comprising an array of 60
nm wide nanowires on a 120 nm pitch. In another embodiment, FIB lithography may be used
to produce features 22 having a width in the range from 10 nm to 80 nm and preferably about
40 nm. Features outside these ranges may also be produced.

[0030] Figure 1 depicts one embodiment of the pattern 23. The pattern 23 is
intended as a sample and is not intended to limit the scope of the patterns or features that may
be printed by the near-field photolithography system 10. The pattern 23 comprises four
substantially parallel and substantially rectangular lines 22a-22d that are intersected by one
substantially rectangular line that ends in a T-shaped region 22e. The number of lines
selected to be illustrated in the pattern 23 in Figure 1 is by way of example only and is not
intended to limit the scope of the patterns 23 in the photolithography system 10. The spacing
of lines 22a-22d is substantially uniform, and the width of line 22d is greater than the width
of lines 22a-22c. The pattern illustrated in Figure 1 also includes four substantially circular

dots 22f. Patterns 23 with shapes and configurations other than the one depicted in Figure 1



that use a superlens template 14, a top view of which is shown

schematically in Figure 1. This superlens template 14 comprises a
WEAbsHISiS 188 and a pattern 23 comprising one or more featurd®§22$309&/000299

imaged by the photolithography system. [0025]Images of the pattern 23

may be produced by propagating light through the superlens template 14.

In certain embodiments, for example, the light may be incident on an

upper surface of the template 14. The light may have an operating

wavelength A. This wavelength may correspond io a central wavelength of

a wavelength band. This wavelength band may be a narrow band having

a bandwidth (FWHM) of one nanometer or less or may include one or
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The length scale D commonly refers to the pitch of the smallest scale features 22 in the
pattern 23. In half-pitch imaging, D=D,=D/2.

[0033] An advantage of the near-field photolithographic system 10 is the ability to
reproduce copies of the features 22 that are smaller than the diffraction-limited size W in Eq.
(1). For example, the system 10 may substantially accurately reproduce images of features 22
having width D, wherein D, < W. The width of the features may range from 10 nm to 1000
nm. The spacing between features may also range from 10 nm to 1000 nm. For example, in
one embodiment of the photolithographic system 10, an array of 60-nm wide nanowires may

be patterned on a D=120 nm pitch. Accordingly, the spacing between features may be 60 nm.



100281The features 22 may be produced by depositing a layer of suitable
material that may be etched to produce the pattern 23. In one
Weabatsmsedt, wafer processing techniques using conventiondtCT/Uus2007/000299

photolithography are used to pattern the features 22. For example,

material that is to comprise the pattern 23 is deposited on the substrate

18. Photoresist is spun on, and the template 14 is exposed using a reticle

or mask configured to produce the pattern 23 comprising the desired

features 22. The photoresist is developed and etched to the substrate 18,

leaving the features 22 adhered to the substrate 18. This embodiment

may be suitable to print features 22 having pitches and sizes within the
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photosensitive material such as photoresist to pattern. (0029!In"another
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and Size%e €i:ct%sosr].?b eembodiment of the pattern 23. The pattern 23 is intended as a
samp?e and 1s not intended to limit the scope of the patterns or features

thadFhay béyrheted by Kiene 2i-fieldpketdiitivograldippsydtenttittuibiieate 18 and
the featRANSD 43,60MPUSES {eﬁlﬁRgtﬂ%'?éL}f&ééai?omﬂeS&? NURIVE,r example, the

rectangular lines 22a-22d that are intersected by one substantially

superleng éeatyalar ine i dcarlasarizadrshégragirsgishexmecanieyrird® enchirestace 29

of the siplagied 18 beriltisiated inythespattenp 2 inaFigHEer Ins By AVaN-0fi @B RiBtially
tended to limit the scope. of the patterns 23 in the

only and [s not i I .
transpargE 40l 0% GRETATE VRS SRRMR] GPR I SIUDOBERRO, BRI
advantagedior for ahe dheovidthraidine R2ekiggrd aterttblasy thewdttihaofdiisers and physical

c1:. 22A- The pa . il in Figure 1 also inclu four substantial .
s R TRl BB lacon
similar {Agghe Wepisted themyatersigve deowes srsp &fiig2067/0be 2ps mayaterial

should BavdisResadiny e wilistiate d8- Aadiianalbs RRIGIBSRACANPHSNKample the

d ) ﬁ{ga er or I,eai]sfer numbers of features 22 and different sizes and spacings
epositipn al RN RIRIPE PRSP BEBRinted. [0031]Figure 2 is a cross-sectional
{0es6hloncBlinec?-Aimehigsrady thahfuthecomprise nonconductive materials. The

electromagnetic properties of the spacer material may be characterized by a permittivity, 4.
In general, the permittivity of a material is a complex number, which has a real part and an
imaginary part. The permittivity of a medium generally depends on the wavelength of the
light propagating through the medium. For convenience in the description provided herein,
references to a value of a peﬁnittivity will be to the real part unless the imaginary part is
explicitly stated for example by reference to the “complex permittivity.” Dielectric materials
have positive permittivities and may be suitable spacer materials. In one embodiment, the

spacer material may be a polymer such as, for example, polymethyl methacrylate (PMMA) or



schematically illustrates aspects of the superlens template 14. Light,
indicated by arrows 50, is incident on the template 14 and is substantially
Werzisrgiedd through the substrate 18. The light follows an optREI{ya907/000299
defined by the system 10. In the embodiment shown in Figure 2, light is
shown as being directed along a straight line that is substantially
perpendicular to the superlens template 14, although the light may be
incident on the superlens template at other angles in other embodiments.
The terms "forward" and "rearward" used herein are made with respect to
this propagation direction of the light along the optical path through the
superlens template 14 to the target (e.g., photoresist on a semiconductor

parylen¥VafileF0L XA Q&mﬁr&mmﬂéxy@@;ﬂiw@@sswwqag%@aa@rzﬁxer 30.

of a second element if the first and second elements are disposed suc

For referenesighieepagitdy it dig i d sarira sairidnt fetoreardepath of about 365

nm. OtRéPRRgaias iaughthriinstpiriacniayRidE hesliperlens template 14
@8 ompyise in addition to the substrate 18 and the feat$res 22,asépaqer ¢
y§7 0 afl WEIBE MRS TR AIBEASH S SA ST B Fort SUTaY g 2 1aver o
materiabpadeniayendh , iwiiglumay. bdioresard ohtbetaatenssod2nbigsirén2 sinpwiens 34
. sample f # a-22d formed o urfage.29 of the. strate,18.
compriT SISBHICURE R (SIMER DAY Wl (RS e Ffuency

correspqiinigrig thsenfeabng venalsn gt Beodihpiehr medd iy thesphidd thomanbitysystem

10. Subgfesspiasienyieh hihesmRAIRS AR dBAIIRR PPoPaliePAbRZRirtEce of th
uhalf-p?ﬂicﬁ imaging, DI:%2:13/ﬁ2§ 100331An advanta%eggﬁhe ng;ar-field oo on e

Sﬁpeﬂe%%%miﬂ&gﬁmwéwém%sellﬁ@m}za FEprogabalboesdregtion transverse
to the s@dddeesfiRdhabare:shmdlerthandieersitiroatiaied miteshgeeMVin £ gndlhe spacer

or.example, the system 10 may, substantially accurately. reproduce, .. .
aver 3 Sl LR ing Y o7 R o i hay f e

spacer fmatemiet mapasitige faorh @ nperoitOO ned. Hee spmdngsbetate;éd is negative.
Accordfn‘?g"lg”,rﬁ& SR QR HBM A0 AR 1 00 Yy feRr SRR Qﬂﬁ_g negative

_embodiment of the photolithographic system 10,"an array of 60-nm Wwide _
permittiyifxo\fires by Bl gattente B pleh oeayansieh. Msorditsiis thave negative

permittSRAEING P EINEBE SEaibIE TN REeEPtHEuPMEns 34. In certain embodiments, the
. 2007/0818 3PCT/HSZOO7/000299 00341In some ergbodiment , th

Imagingiy R 98 a5 BRI B AP e O A & PR} SR LFER 2 QMR 5, e absolute
value wxdrmapteglapaatralyeoperivagidotsseintias thingsrisanglesmonrectadliglesis do not

Substmgﬁw&gégtg%h@%@%gif‘gg {1%5@ of a grating. In other embodiments, the

pattern 23 may compri atures 22 that are non-periodic or that are a
H13Binatidn eagialsodhe aprITABHYYET BdieceamySofenfcapsacieatareallop than the

plasma MRS SHRTtAtBIVRAR IR, asdnpspesiadis AiRay RUNaNOMBEEnERNEY certain
may intersect. The pattern 23 may comprise features 22 havin

. S a
embodiments, o mapiah Weh {5 reMAREIS S o tithaber it %‘3?8}%32%%%@’86"“‘15
the vacraumndeeueincylarf tiiandglansettanguasyseatilip@arorstiay babsaghitandn noble

e.In.various emhodiments,.the features. ay_correspond to
el G e e Tt LB e REETar peries 30,

becausayidie rapldrett otifEcEnBPRsOE opfiitfineiiionsclasizense pratissspacitigacangiasmon
oscillat®RIEC a56tRAPSIRIGudOSO1AR HAWN R FdaiiR %s NG SRRCERIAYEE iFor example,
. disposed on the substrate 18 and .
aluminum, copper, chromium, or tantalum, may be used as the superlens 34 material. Other
materials may also be employed.
[0039] The superlens 34 is deposited on the spacer layer 30 by, for example,
evaporation, sputtering, chemical deposition or using other techniques. The interface

between the surface of the spacer layer 30 and the surface of the superlens 34 may be

.10~



the features 22 thereon. After patterning the features 22 on the surface

29, for example, the superlens template 14 may be planarized by
WQipudltitg he spacer layer 30 on the surface 29 of the substi{i&/U820DR800299

spacer layer 30 comprises a spacer material that is substantially

transparent to light of the operating wavelength of the photolithographic

system 10. It is advantageous for the spacer material to have good control

of flow characteristics and physical stability. In addition, in certain

embodiments, the spacer material has an index of refraction similar in

value to that of the photoresist as discussed more fully below. The spacer

material should have the ability to withstand the formation of the superlens

planariz%é’tfgo o )c()?c[n&l?ﬁ;gg xdo Bﬁ'é's%”aﬂ‘finéé E’MSE@‘@QJQ&%P%G%& plasmons and

0361Spacer materials may generally comprise nonconductive )

distort thptevggiog Tapabididies mhitepleotpbprtieplur thsispadsr mrmapmizgdpaent, the
root mefhRIAGIIZRE LY 3 REHRILIMIDA AN GeRE5RkLINRPE IRt Qh RHDRES 1ayer

is a complex number, which has a real part and an imaginary part. The .
30 and JheESHRAEFBE & fnediTIRCYMHePSI K YRR N B ahe AT NG o fife RgHtsed in
differenptapiaghtingdirough the medium. For convenience in the description

ided herein, references to a yalue of rmittivity will.be to the real

o COrP s ey Dot iy LR FoP SRR o PRRRGof the
photoliﬁwm@ﬁgmpmma@nittMtﬂeD@t@oﬂimmﬂtehama\he [positivens t;mplate 14 is
mmge@%%ﬁ‘?ﬂ“&?a%@?_&?ﬁx@?eﬁﬂﬁ@?'?f%ﬂ?&ra%%é‘éﬁsﬂ?\%”ﬁfépb.lﬁdﬁﬁ%%%ed on a

_ the spacer material may be a polymer such as, for example, polymet
semicongduetic s (HvIMATOrdingedbe cunsripnstdrarldischhdsydisreselagyer the

semicorRiueif? Maebergsed doidhe spratirlayeér3Ohd oiHeleyene8véN@ayer 44 on the
ity of PMMA isaEP roximatg i24ataw§‘lveleng of abouyt 365

. rmittivit
s TN o APAIL TR D B DES FAS) 160 SER cRORAAL 1 o e
semicondrbws paefe rrdtbemzotlintierits, tine istperddnsy3dycomprisessadagdbofween the
superl el{g@i@g’% wgglgo%%gggy&@l%gyﬁ‘z. Moreover, in certain embodiments,
th I

e superlens 34 comprises a material that may support surface plasmon

B¥Mlhtiondnavarfpas ey denaesp il iécte 896t & uein QneRrB Bth aXrsterial
substantDEiGptiderd iRthpRRIhAg IRRipRyaeRd frowirgR RIgRMAnS&iHlate 14.

. charge-density oscillations that propagate along.a surface of the
This magerial pagy b Hrid G fRlsbaBrime s Sai tlisle dee 4y Scpairermans filly below.
phoaagon trens yeksedentheveUudpacddl theystprpiens pibtdiesi s t@eHadesensitive to
between the superlens 34 and the spacer layer 30 will be capable .
e one g il S AR S BT, Sgpventona

semiconiueéeialnsopesiting davdninupermitivibg ofthé dapsHiengimatdidpissist onto the
semicoRRAVE/ALCREdiING Y theREHRAS 3He0mRlisesiMalRidthal MY Peotoresist

characterized kg/??ne ative permittiv f%/E’SS At %%ttical_ and ultraviolet
[NFRIGpGh EmaR S YRBS in SHRPAa A Feghtrie Pl it MR gy e Stiitshle Other
techniqiieatesilskell theosupirlgsa3d atnveditaintkeab gdine mis disecimabinayybeatted to
.. of the superlens permittivity is sufficiently small compared to the absolute
dep 08“\?3 e t%)gr ?eﬁeﬁ)g}(?t Sgnp%trlr\{ﬁtﬂjvﬁlk/%%that the surface plasmon
ExHRhtiongdohovauibstiguaty3dissiaiodiveic@orgyriws Boats(083dint on the

templat@ i3IS d RERSEHIMIY dS NegAeHRSERGHE BERE- sl tha 408 RIGRTRnt on

frequency of electrons in the metal's conduction band. Accordingly, in
one of the {5 EFR BditdbitatHal dlactisdd ThFtres digbt ferd ok iaaidsih apits feature
22 proflgatRadieguRney exsesdahel@onbrhireauesenilhatightdiseddndhie light.

. tem 10. hi some e diments, ngble metals, such as, for example,

The 1 T ey e e WA S TV BE S CONET e e R Tee et can
reach tloofieefivhl excitatioreafobrdueschatectrprsanablysia erface-pdmbvanescent
waves @SGlRUARALORIEA SIRANSHRIES N RRL SRPIMENR BRI UCR A xample,

for example, aluminum, copper, chromium, or tantalum, may be used as

the superlens 34 material. Other materials may also be employed.

10039]The superlens 34 is deposited on the spacer layer 30 by, for

example, -11-



evaporation, sputtering, chemical deposition or using other techniques.

The interface between the surface of the spacer layer 30 and the surface
WoREPESIPSriens 34 may be planarized to avoid surface rougRO&8$5281d/000299

corrugations that scatter surface plasmons and distort the imaging

capabilities of the photolithographic system 10. In one embodiment, the

root mean square surface roughness modulation may be below 1 nm for

both the spacer layer 30 and the superlens 34. Smoother or rougher

surfaces, however may also be used in different embodiments.

[0040]Figure 3 schematically illustrates further aspects of an embodiment

of the photolithographic system 10. In the embodiment shown, the

retain tBERlensdemplatedhis puarged Rt imadest the fﬁ@%ﬁeﬁe?@'@%ﬂ if the
a photosensitive layer 44 disposed on a semiconductor wafer 48.
featuresAgg

orfifighf, tHE stptieRS @niueerats aispgalFbvertfgordingly, in various
embodif@igonstieiosnaie rfdsirapdiepaicitad O uesideat photasgnsitbsedayRie 4daterial
hadl the semjconductor. watfer Atn mrpediaryﬁy h40' kéetween the ves
may R SRS RSt T4 And e SemicondUstor watdr More Saricuisty Y fes can
be saidnternsediarpibyevd@ngtlispdseddienvedvthetbapériems84and tike near-field
photolit'ﬂggxt §§§Y8ﬁa)/§ s E&Oééﬂéhé/é}ﬂ %m@ %Qh%}?@@l%\}% %?1%’0:15 of

layer 40 comprises a material substantially optically transmissive to t '
the phqjgsnsitipagatéerialr digrbineislfieacnd wepienath revoliatiomeritimiag bdn this

respect 2tHtlidear-fiaaligianslimay sy dipleatricoamdisclphnd MEsa{b¥DelR¥nt in the
0042] The photosensitive layer 44 mprise photaresist that Is .

iti ay co
evanes g VBNt SO WD ET N P E0 At GBS B apEing
{6tadipte 19inContrentiatumkiigmifordatioteprocessingdechnigegsomayidley with
. e spin the photoresist,gnto the semigonductor wafer 48. In gne
imereas B B L T ] s eavures
22 if thg pbatrSipstietdaRebe isVrersedatittonigeetl S RiNHors) fieraytrefogfeees 22. Fora
line an¥NeAdechRigHedLall Wekknendi g At wikasihesedet IdRity of the
discerned may be used to deposit and/or prepare the photosensitive
evanescniateraksd043 s Zh@(\lh/iﬂyl:)gl‘ﬁe-% Qgﬁt/i ﬂa)qa\t&&&yaﬁimlﬂan‘iﬁtivity of the
incident on the
spacer layer 30. As an example, the decay length in PMMA (g, =2.4) is 11 nm for 60 nm

half-pitch features imaged at an operating wavelength of 365 nm. If the photosensitive layer
44 is located at too great a distance from the features 22, the subwavelength information
carried by the evanescent waves may be lost, and only features having sizes larger than the
diffraction limit in Eq. (1) may be imaged.

[0045] Without subscribing to any particular theory, the superlens 34 may
enhance the intensity in the evanescent waves. Optical energy incident on a rearward surface
of the superlens 34 may be coupled into plasmon modes, which are excited as a result of the
incident light. Optical energy may be coupled out of a forward surface of the superlens 34
and may propagate to the photosensitive layer 44. The superlens 34 may provide enhanced
energy throughput due to resonant excitation of surface plasmon oscillations. Resonant
plasmon excitation occurs, for example, if the materials comprising the superlens 34 and the
spacer layer 30 are selected to have permittivities that are substantially equal and of opposite

sign, that is, &£, ~—¢,. In embodiments of the photolithographic system 10 in which the

spacer layer 30 and the superlens 34 comprise materials selected to satisfy this resonant

-12-



template 14 and is substantially transmitted through the substrate 18.

Light that is incident on one of the features 22 is substantially blocked,
WaHerdiggdight that is not incident on a feature 22 propagates a3 9000299

spacer layer 30, which is substantially transmissive to the light. The light

that propagates beyond the features 22 comprises both propagating

waves that can reach the far-field and evanescent waves that are present

only in the near-field. Evanescent waves do not diffract like optical waves

in the far-field. Evanescent waves, for example, WO

2007/081813PCT/US2007/000299 retain the size and shape of the

features 22 more than waves in the far-field even if the features 22 are on

conditidREaWBHRIIGEAN AYIERABRITSNANE ExAREQINEY: WRHAHE] by the spacer layer
embodiments, optical energy from evanescent fields incident on the

30 and HP%‘[’SQEH&&% ﬁ%B?éW&F’rﬁéy &l ef&f‘ié%ﬁﬁ"%ﬁ% ‘SHRRISRS Wt offfe 8- N-
Fang, efabfiRshA3ifiractiefolensivanopcenl aescaitibe Saiet® aperiens,” pp. 534-537,
) S ength information about the features 22. The near-field . . .
Science SR SRRy Sy 10 Lo W e Y i I s entcty.
Accordisghyy dbelergehigortonsaiitizethhowsettsitive rmadetial trerebyayieidiignay have
pemittﬁwgga&%?mhméﬂmn %&Bﬁ[ﬁm'im g%.resﬂﬁﬁg @&ﬂ%ﬁ?ﬂf‘ég may also be

photolithography system 10 may capture information present in the

substanidglly, squahinyageaitinlg use BrssHBRrdigesnor MM aedsnaib Anfaptign carried
by the apehpaitentingaves d&044EL Sieae the tensity-ofievanaseanimayas. In one
b d.decay exporgéntiat with increasi disﬁée fro? the features 22, it may
embodiPEN NS resBNE YABVRREIIMYT FoafUiBd Y i ?HSSB \Otosensitive layer
moas]ocatetathokgeeatacdistancpdeomitdyerfcdiunes 2R kopalkne drtayay be
ith peri ristic di .7 0 ich the in ity of t
selected A S5 e Th4 L T el s 20
may be grlegtadriptivayrothhsaspa dertaye? Honms Ihtheawgiacthobdeaspieayiaver 30 is

many tiﬁ%&ﬁ& Rhar -t idda P fRab @ f lﬂﬂeh&faﬂgﬁéﬁ_?_%%%,i@%%ﬁoﬁgﬁﬁm of the
.operating wavelength of 365 tun. If the photosensitive layer 44 is located
phoml“&??&%"&?‘éa??’é‘%ﬂa&é@%’ﬁw T redturB<LD8, TREUiBFaL R gRAcer laver 30 may

compris@fosMatiogarsfENINIAe avaire seekbeveayesrandyoisolaibland only

es haying sizes larger than the diffraction. limit.in Eqg. (1) may_ be
S (P UV EREes Sl het o BN RL A 18 BEINE fange of S
nm — Z_Qﬂ Ry eﬁvimg@meiwémitsﬂmmmwmmwwane@mimm!rggnts. The
superletRGHERL YR BLRANWAD S HHARR @i FRSHRAHRRS FPuTray RS AYRIEGIS thick or

. plasmon modes, which are excited as a result of the incident light. Optical .
too thin, y SuBsiapRAb SURRSIEREHISF S FORREGR SURESTOMRESH s Sspesisgs 34 is
selectediayipropagiientesheppatasensitiveta)esith shedupertenardd may be imaged

rovide enhanced .ene throui;;p ut due.to resonﬁarglt %(cilatlon of fur(fgzzfo. In

or to har\)/F a thickness that 1S a tion €0 eratlné Wave O, exang) e
plasmon oscillations. Resonan asnton excitation occurs, Tor ex mpl

one embdimenédatieoerhfirisingging superkrd 84 amdwtiresspalc! tay@it8h, dne superlens
34 mayi%l %CStgqutx? Q?greo?@im VMﬁéQﬂbé}ﬁ%&%@@H@'&iQﬁ}lﬁWﬂ RO Ehuator

i
sign, that Is, s -1-.; -Ed . In embadiments of the photolithographic system
of evanggesRt Mg hi@ther than an amplifier, and the photolithographic system 10 may be

able to resolve only features that are larger than the diffraction-limited size in Eq. (1). For
example, in an embodiment of the ﬁhotolithographic system 10 operatihg at 365 nm, a
superlens 34 that is 120 nm thick may blur features 22 smaller than the diffraction limit. See,
€.g., S. Durant, et al., “Comment on ‘Submicron imaging with a planar silver lens’,” p. 4403,
Applied Physics Letters, Vol. 84, 2004, which is herein incorporated by reference in its

entirety.
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spacer layer 30 and the superlens 34 comprise materials selected to

satisfy this resonant condition, a broad range of plasmons may be excited
WhohgHstraAasmitted by the spacer layer 30 and incident on th@€tideaedys000299

34. This effect is known as "superlensing.” See, e.g., N. Fang, et al.,

"Sub-Diffraction-Limited Optical Imaging with a Silver Superlens,” pp.

534-537, Science, Vol. 308, April 22, 2005, which is herein incorporated

by reference in its entirety. Accordingly, the materials comprising the

superlens 34 and the spacer layer 30 may have pennittivities that are

substantially opposite in sign. These permittivities may also be

substantially equal in magnitude. In these embodiments, subwavelength

{piRgRatiop GAHURL DY NG LYARCSHEDANAYES 0 REHREDPEomprise a material

sub-diffraction-limitéd imaging. In one embodiment, features 22 Wlth sizes
that doqsgAb RPSHESBISIB AR BRI FRSEVRSET (IS A6 3onHe i ERpeRe e fohmepapsideyer 30

and supld¥gis3Q ardithsi sunetiens &4 mayeaﬁlﬁ@Qgt%r@mlwmma@éﬁnmvmes

provides superlensing. The thickness, of the spacer layer
that areGiol SRS DA, TSRO0 Wt PGB spneerample

embodilayet ﬁmlmmtmmlgmaeﬁimﬁh&eemiwt@ahe @¥an6sSaan) and the
waves, the throughput of the photolithographic system 10 may be

spacer WP risorRmBTBBHIAEM] @mmé—ﬂé;)eﬂgofﬁ%&y%%?p?@@wmmﬁy may
f h h
be comig}/ El%ch): tMﬁe %tlg)%rt 'CI§1§SSIE 19 é% op%g | % 71§lo e ater:als as

hIC ness o supefiens 3 ecte range of BArn -
well. 200 tun Values out5|de this range may be p055|ble in certain
%dlm arslens se fef7ecc HOW VeruCa rera% *ehh ht that ma
ess of the supe ens is 100 thick of to opt% %ubstan & Y

be imamamdémalw&sevaﬁégc@uﬁwéee@my@b@m thm@egup@m@mosmgfer 48. As
descnb&?lgﬁ%g %G%&éﬁﬁt‘?&ﬁ]ﬁ%ﬁg’&l&l@&ah{eﬁ@gﬁ}% hﬁlffﬂgcﬁ%egfﬂ}et layer 40 is

features 22 to be imaged or to have a thickness that is a fraction

mterPOScsSe‘?awwa%@me% reRBHAfe Ld thy BrEeTsbEmeftcasy ngu various

embodlfﬁénfﬂ,agiegiﬂr&rafeayaej G@WWIre5sab§t29tfanypttahsﬁhesmp&rlergm%dn@ﬁsmg
5 mu I er of. sﬂveg) If the sugﬁrle too thick, lt me%yact s an

waveteng i s W P s PP aTdn A SRR Hhr 40 my ao
provxdephwnhﬁgramamgy&temellaynaquélcabbmamsohﬁémﬂy%ﬁmneplnhawlreontact

with thlzaégﬁéxlﬂéﬁ@{ rﬂﬁiéa?ﬁoﬁaﬁrﬂlﬁ%ﬂ ﬁ%eﬂ%%e(}i}oﬁa%%a@%% M iens 34 from

diment of the photolithographic system 10 operating at 365 nm, a
ContaCt%Bbﬂ@d%l‘S@%ﬁ%%meaﬁ?ﬁ‘t’rﬁﬁ( may blur features 22 smaller than the

(hisagtion AmicSafed Gbove DiatthRldialy OrfBeAb ARag WIRISHRB a liquid or

ima with a pI rS|Iver I 440 lied Physics Letters, Vol.
solid 15 T S8 SME R o050 TS PEPe BHEe 1 AR e oreenic
matenaBO@X'@&itBhﬁ?ﬁfﬁlUﬁﬁﬂﬂﬂé(mm faO48iConeeriselymientaiicligle, for example,
ethyl e‘i‘aﬁlgp%%%ﬁ‘éﬁa@e(@éﬁ[e%%oﬁ%%ﬂﬁ&aéﬂ%ﬁ‘”ﬁhrate (EL), propylene glycol
monomethyl ether (PGME), or commercially available bottoﬁ anti-reflection coatings
(BARGCs). Additionally, other organic materials may be used. The organic material may
comprise a liquid or a solid material in various embodiments. This organic layer may be
chemically compatible with the photosensitive layer 44 such that the photosensitive material
works effectively. To reduce internal reflections and to improve throughput, the intermediary
layer 40 may fill the region between the superlens 34 and the photosensitive layer 44 so that
there is no air gap between them. The refractive index of the intermediary layer 40 also may
be similar in value to the refractive index of the material comprising the photosensitive layer

44 to reduce Fresnel reflection. By matching the refractive indices and eliminating air gaps,
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that does not possess plasmon resonances near the resonant frequency
of the spacer layer 30 and superlens 34. Suitable materials for the
WaSAlIresI #13, for example, may have permittivities that are notRub&ERGtiaN90299
equal to the permittivity of the superlens material. In an example
embodiment in which the superlens 34 is comprised of silver (Es -2.4 at
365 nm) and the spacer material 30 is comprised of PMMA (ed 74,- +2.4
), the features 22 advantageously may be comprised of chromium (cc.,
A-2, -8.55). The features 22 may comprise other materials as well.
[0049]The surface plasmons excited in the superlens 34 reradiate light
that may be imaged by the photosensitive layer 44 deposited on the
the inteﬁﬁ%ﬁ?ﬁ%%PﬁWﬁ%Rfﬂﬁ:sAg%g&%ﬂﬁﬁﬂc%%l’i%g'i}@t%ﬁrﬂ?éiﬁéﬂwl%H§t§Qt%9d the
in Figure 3, the intermediary Iaé)%r/ 40 is interposed between the superlens

photosepsitixe daves 4fqait BRBISEEH & ESERa0 o hgriBltolithesHiRhf &ystem 10.
Additiotialgymadiaryaiayen¥étisssubstanti sl tiasisanis sdverta dighhgamepyisiagerial that is
.. wavel gtps thﬁlt are transmitted b tﬁe superlens 34. The intermedia%1
readily SOV ISPAES RRSUIRE 1AVl S biote B tRE 1§ GFPr-ing some or all
of thesepliciose nbitivet enateriadrdafrombpb yeioa ncontasimrnthrtie soperfectsrers such as,

for exalfipiD/atQhANERRY AsLALRIdRIgecRRIRNesURRICaS AR IOMe. (Rolla,

contact with the photosensitive material 44. [0050]As described above, the

Missoushersigiardidgiel 46 may(€ompiisisa Il BIBolicPipksyin E8rtaiMarlborough,
MassacRB&eYInBentskhete sy ayeid Qraay OMPISRAN adRtnaterials may

lso b material. Organic materials suitable for use in various embodiments
also be jisetlide, for example, ethyl epoxy propionate (EEP), cyclohexanone, ethyl
{aosate (ESprpeopylentrgdycs bhtrophethiitieipempBGidEmor Coryniekcigihtate a
superler%v%ln?ﬁla%eb?lit ?ﬁ%t%%%r%gls%%urggr%?ﬁgg %%é%l’%p%géx)ls %gdlﬂgggé ’egi[ggtriiments, the
organic materials ma)P e used. The organic’ material may comprise a

superlenfpgid‘or@ydifdsaratatisl frovauseck etrtideliraesner FyrrpAGanidielyenayapmprise
the sam@SEREMILAlYcampatitle.withitherphpiosaisilvgday esftdoiudl hakheayers 30

_ photosensitive material works effectively. To reduce internal reflections
comprisgh P> rive iR digh e, PRETAIIMEG TR 48 Miap HilttRe rdfbRess, and
separatibgtvfate shpeslepesiens wiabnel thfqdheioseo st toyigrrddisn that dh@ieriase the
resolutiog S G2RDEWE &éhﬁeﬁﬁuleh%%ﬁfrﬁg}"éﬁ index of the '”‘3&@8@'@ 18889 40

also may be similar in value to the refractive ndex of the matena
nm supedenprising thegphasted dysitive 28yemasitentetisesedr résnel PeflmctirerByses, each

separater@q}fl?- rghgfr 815?&3{}49 LQQ{Qﬁﬁlagﬁg}?gg‘mmg.aikg%et}t%i@@m%}meﬂts

layer 40 provides good optical coupling between the supeéerlens 34 and t
and desighs ednstivieiayer 44 and improves the efficiency of the

plsmlithogngnipc systesnebihidaditionadlyatss certaiongbaaadine Bts tHenear-field

. Intermediary layer. 40, comprises material that is readily remoyable from .
POt NG ) dPoR) O BEMHGS i rRIRG LRGP A 54 with
operatinpegevdesigdt tharfcteristicmage abdiialitetirorn Plamytberphwestaisitive layer 44

depositdBYHRACUIRISRHEB GSHIALEXRMBIR, Spladant GRY é%%ﬂ%?t{ﬁe Nggl@g{rce 50 is

Carolina), Brewer Science, Inc. (Rolla, Missouri), Sigma-Aldrich

selected, tguhe IHERIETT SKRNEPEBe(RhDwNIGYE Mudsatntrbattsnay eepsprised of
photoreSXikankegyefatng tthianagawa,, JapansralthengeatenalsoRnay1aisaketo about

800 mg,s eg&tending from the extreme ultraviolet through the visible part of the
electromagnetic spectrum. In some embodiments, infrared operating wavelengths may be
used.

[0053] In certain embodiments, the photolithographic system 10 may use

relatively inexpensive high pressure vapor lamps. Various preferred embodiments, for
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100511Some embodiments of the photolithography system 10 may

incorporate a superlens template 14 that comprises more than one
wapeisnsgld4. In such embodiments, the superlenses 34 mayP68/US2007/000299

separated from each other by spacer layers 30, which may comprise the

same or different dielectric materials. In one embodiment, one of the

spacer layers 30 comprises a gain medium for the operating wavelength.

The number, thickness, and separation of the superlenses 34 may be

varied so as to reduce diffraction and to increase the resolution of the

image of the features 22. For example, in some embodiments, a single 40

nm superlens may be replaced by two 20 rim superlenses or four 10 run

examplSYB&E %§§Sa_%g¥l}§?£§{ﬁ56%f;\6}a}ﬁ§f§ ofdiglecipcimateratsyghast operating
FMMA. A vanegﬁo other arrangements and de&gns are possible.

wavelengds of pRAWeH 2 Behemate ANy -ildsirass e ineNPisRe lisht sources,
such ad)egr-figldrpeiolthogaphaystamylBe Aulight SCweRRH, Previaes ltgbtoperating

represented by arrows 54, with operating wavelength X to form an igpage
wavelerglh B SR 55 A R S SHE v R P TN GHRG chrciency and
lower nsgmicanceictatsthierek8imbel ape ligingswavelengshbefitiel lighddidiorcalg0certain
photore%%s?se .Lgﬁg?tgvteotg %%w}?%%\tglreggggﬁiﬁ&tgg tHQ%gﬁc IP—YI%é %ﬁé&@éﬁl’b‘éﬁ@ive and
may be comprised of photoresist. The operating wavelength may, In
more rofaserathrserpect drrribetRe conmieraolrB o Hmcakicaamg e asHsts used in
decp ul¥URIRE pitaiaiehiRrAYIhdhevigihle Ba glthe plRetHNagRRlife wavelengths
spectrum. In some embodiments, infrared operating wavelengths may be
may be ysedias $6E31in certain embodiments, the photolithographic system 10
[0es4)se rdiptifedyuire qrensiyddigingra ssuerpmpar thapisotvaieinse layer 44 to
xa (E)Ieé may pise a.hlgp-gregsure \{qggrgi&;ﬂ at @
I Rgths of abbut 365 T

. referred embodiments, for e
light S R ok P e i e S

predeteﬁﬁ@n@dmxmmwﬁh@tmwm/émngtmItghtespgsgesﬂmonaysglefppnq upon the
operatif @RRBNEHEIME HRRE RNV BLH R 1 HOWEY GheReLAUE BNR ARRIAHRTand the

wavelength may Ccomprise a visible wavelength, light sources that have

throughgifi Rl tBErEIEREFIETETSUAIE dhintdsphtassatita Pt pa s dgyrloped and

etched wﬂge&lﬁlﬁwbﬁﬁ§aﬂiﬁ&ﬁdﬂ@m”\)&a£§fﬁﬁﬁt&{aﬁig r@sﬁiﬁlae@.sithéaﬁe MisHY@iment,
avelengths, su s the mercuyy I-line. are less_expensive and more

the tem e B OO e RSN S AT At S Rt R el eth at a

flux of &siybqu’edomm oftaVisietplypt@ithagraphayi @ vervilpestiof, ligiptosure fluxes,

and expIEEHARLARALAING VAV SIRAOM M, B VS RWELL L AP #LT BRample, the

features 22 may be imaged by exposing the photosensitive layer 44 to
eXpOSUIEHNS ANGY tHE S BFat f§RBde e ABtRUSE dopradéne i tfsicaies s time
s a predetppmines expRstientUx Tie expRsuee timeand the produce sub-

) expasure flux may depend upon the Qperating wavelength, the.
N R R R

with witideudhpes chihi wpéﬂénsxt_wnp&atenlﬁgfébe mba?daewﬁsiw&xmyetmdrmnt or
blurring’€ ACYRIORCEhINY SIRARANSINGORY eﬁﬁ%&#ﬁ%@!‘iﬁ”?ﬁgﬁ%&%@%o is disposed
gp , the tem pﬁat

rocessing techniques. In one embodime may be

directlyfpbwaeshisossgrisiigisnsd Havitidha Be5nh elispaenihg e rgh e witalkle. For
exampl®f BMMieRAf0E 3dime,ohoaisssads Qibelsenarating wayelendtione or more

. exposure fluxes, and exposure times may be used in other embodiments
mirTors oPHESy BI19. PBFeRBHTBleS Bk BEN BGiE My it dfr it >4 onto the
templatsd@ondshto coiifigestdepending hrhthewxpesuie: flilbo possible.

[0056] The semiconductor wafer 48 is supported by a wafer stage 58, which may
be configured to position the wafer 48. A controller 62 may be used to control the vertical

and lateral positioning of the wafer stage 58 with respect to the superlens template 14. The
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100551 The light 54 is incident on the template 14 so as to produce
subdiffraction-limited images as described herein. For example, in one
We@pbotsmsedt, features 22 with widths DI as small as 2./ 6 mayp©&/UsS2007/000299
accurately reproduced without enlargement or blurring. As shown in the
embodiment shown in Figure 4A, the light source 50 is disposed directly
above the superlens template 14; however, other configurations may be
suitable. For example, the light source 50 may be disposed to one side of
the system 10 and one or more mirrors, prisms, lenses or other optical
elements may be used to direct the light 54 onto the template 14. Other
configurations of the light source 50 are also possible. 100561The

wafer sBSEICONHUCIONWaIA! 4B (s sueBRAGd-RY B WalRisge BinWIRRmMaY Bfections

configured to position the wafer 48. A controller 62 may be used to control

and/or thea ik dirrgtiQteral PoStsmy Hitn¥alarsiegtad BENRR FiIsERd &9 tHat the
photosestipedangciemplaienkisehic oviian stagr b8snd-igute: 4Ramayldef the superlens
configyred to translate in both horizontal directigns and/or the vergical .
rempla A S o S el e e R it Rl o ssise
in positiolnotgsbasitafer| ateme S8 emdhe senmicomagdior plaf@tsa&is'\in thﬁ:néariﬁeth:b near-
field of]ﬁ%ﬁg‘&ﬁgﬂg&e@iteﬁ;%'%Eﬁn?rél1@@208&‘%}0&%5&@QVCS%%'@&]{,%&W%&E network,

eedback system (not shown) to assist’in positioning the wafer stage 58
one or BHYSNIPHERIENRRTE e Phatyselssivaitayer AurRais ruHAle dasf ¢patrolling the

wafer stBURSHENSeRblHBEONEBHEF Bt FPRPHSR GHFQMPHILUSILPWIEY be used to

network, or]%or more mICroprocessors, or any ele%{onics or ag&arat
BRI

S
move and pORAR NS NGHe trafR FeRe sy in maﬁ?gsmaﬂer
than theOk piezé®| estsipdiivierTigviestAnalibein sehkte houaraitapdsitiay Hecof equal or
wafer stage 58. In some embadiments, the template 14 may be smaller
areater R o SR S I A ey be
configuyedfasdudl-wgik ringreatsicobias Aseoriing 9t ethtrotitnass ofithe
pRiithogiaphig SYRIgm dhmaw becopliguisd LQ{#%W%&{WQ@QW to the

. Stepping, scanning, or other arrangements. [0057]The superlens template )
semicongpeipn Wakes fiShBrItaF TR FeSiRt PR Rk sERfitTRBlR foTRBRET B8Yhpeafixed or it

may be SHpPaBt{NOrshovi}olibe deroplate sappottMaybe dxedi R itioayHden) may be

used tor%%\rll 1%|1e 'th—eher{l%%réglc{)elrlﬁr%%%goasi I%B%Irat% e@é) I.aiﬁ]e%?err‘g 0{%enr1épa(t)et: SPPW% some
may be used to control the movementand positioning of the ‘superlens

emboditegnsiatee Mafhr segreS8miodiméntst el wefessdge S&praybaytbecbafigured to
move thOSRARIRIE SRR ANAPE GRRIIRD J IO E D 8S UPRL DS IR ort may

14 with respect to the wafer stage 58. The template support may for

for examgplahg|adiesiidigorEirs B i ARs IBIve dmshivld [y dhasepticgrluctor wafer 48 is
in the meMigoRJUEDRWAREARISIHheoaar figihefdhessupeienmiempirnbht of the

.Figure 4A shows gn embodiment of the photolithographic system 1
photoli e SRS 0 RS e S1ESai JFEAP REo 4 i EECRb gy the
semicongafer48afpr otherlenticaimeamidthmie| tiv ecpositigrsitbtisesb these components
may be C@MPRARENELPAYK G 4! 8‘%‘}?%5 0L EXAME: i@@@%ﬁ%ﬂqmﬁ%ﬁdﬁr 48 may be

semiconductor wafer 48 may be secured to the wafer stage 58 an

secured isHiscwalehaoecti8 supdifensedabprtdesurotse owRlaoHtigurations
ﬁr@sfsiso pd@fjtg@leoﬁlﬂg@&amﬁla;éaggmgggpl_@gp?pmea' m@mﬂlé%?\aﬁa%gmphic
nrguyre Ifferent m Include adajtiona components. e oraer
system F e cORGRSE e S e R L AL R SRR R ng The order
and arrggapenenfstmeayobecarmyecky be diffiudchiadcb sopon efiththemsgelvests may be
a ifferent. For e ' r fli ources. b0, wafer .
removel X RE SUHEGL o AR R A RN WO ARUCrR Al o wide
array of Olighly beueensfigedvedaisetaeidédanedy epsenliesnddctoray be used.  The

photolithographic system 10 may be configured to use a wide variety of semiconductor
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wafers 48 and photosensitive layers 44. The superlens template 14 may
be arranged and configured differently than illustrated in Figure 4A_
waeeBdBIRIdne embodiment illustrated in Figure 4A, the internRSNar§2076100299
40 may comprise an organic coating deposited on the photosensitive layer
44. The organic coating may comprise a liquid or solid coating in some
embodiments. However, the coating need not be organic. The use of a
coating, such as an organic coating, as an intermediary layer 40 obviates
the need for an adhesion-release layer in the photolithographic system 10,
because the photosensitive layer 44 never makes contact with the
superlens template 14. 10060] In various embodiments, the
wafers #RGHBECHBRYNEHAO mesiaias the Pesiioning RhipaRhPIoseRSHYala%gEd and
44 with respect to the superlens template 14. For example, as is well
configuigdiffereaty trndlindrmir abipretidogy may be used to provide a
@aBstantially sensiaBbipricaliseparativnbetnern 4 Supenilensdflaandayer 40

the photosensitive layer 44. The intermediary layer 4Q m royide .
may coppEIse AR RIERIAL SOMHIE ARRS TR PReTte RRICRSDEUNA JAyer 44 The organic
coating phgtosensitve rhnqmctlai' 4éliaisckb_re:im@iarsmag@IﬁBcahmthB.tglﬁng@e coating
need no?h gugtﬂgéﬁ)@?twe}pee JHeToe }?gr,yé@f?elé%mggﬁﬁ%ra% € LUSHIONING e diary

and may prevent damage as the photosensitive layer 44 is brought into
layer 40nelayifisiithraxeatitjoroamedigseeriaass kyddschiscehpitithogmphic system 10,

because! HE PREQIAYsAYENARLMABIRY KR IGLRRICAH BOBR NG LREeM IlRe 14.
@l#)erlens 34 and the photosensitive layer 44 so as to increase the

9 ncy Shd 2iebtig ARbedmmRisnotbhitnBrEp Rty stayFi o ooBetses the
positionifiglitess @hiftedaterivediayyrlaven4d sbapdet he shefiaipatlyibirapihati4. For

the |ohoto§l sitive layer 44 is withip the near-fiﬁld Pf the supberlens %4. In_.
example, as'is w own in-the art l%urren ‘ﬁ:hn tec ng 0 ma¥. € Eﬁed 0 %rov1de a
Some embodiments, the thitkness of the inerme m%}’coa ing 40 may be

substanfialityecrmstpmiof Srtieal- SDOGon. ddtererativiedy suhertiskAé smdf thre photosensitive
layer 44iN fﬁﬁ@‘&%ﬂ%’emﬁg RAOMay Reyseiecied 10e s rar able-inaluedR tbatite 14

the spacer layer 30 or the superlens 34. For example, in one embodiment,

with regpectniriife SeRtiHyeA#lAbd s Uba 0 afT FirgEkR Lo fhtBeismplate are
brought&ﬁge@wf'menh% the-thickaes$a0bihm infeyrardigns GdatingiiOninayaa dherevent -
range from 5 nm.to 200 nm. The coatjng 40 may he thicker, ot thinner in
damage e IO 0 4, b BARENATLT (O h LG 0 Bl Bty Superlens
34. Asrednsmldb_ﬂé frormith elgh otoresistidd. laycer?dlmmbmdim@lgofﬂdr WableQUpling
betweeﬁqgecmr{? M gﬁd’\‘tﬁé Qﬁl%t%ge%i@@é’ 199&% %\‘»ez% Qéf i?lt&@QéQQh@’ g‘ﬂiciency and

chemical solvents or rinse agents. Other techniques for removing the

- throughpgkahhaidip W Eperarhin 6yed™Ld062]In some embodiments, the
joterpediary£aatiRg-c0BPHSE mecRIE@NIY Ohyer 40 should be sufficiently thin so

that the photosensitive layer 44 is within the near-field of the superlens 34. In some
embodiments, the thickness of the intermediary coating 40 may be in the range of 5 nm —
1000 nm. Altemnatively, the thickness of the intermediary layer 40 may be selected to be
comparable in value to that of the spacer layer 30 or the superlens 34. For example, in one
embodiment, the intermediary coating 40 may be about 40 nm in thickness. In other
embodiments, the thickness of the intermediary coating 40 may be in the range from 5 nm to
200 nm. The coating 40 may be thicker or thinner in different embodiments. It may be
beneficial for the coating to be easily removable from the photoresist 44. In certain

embodiments, for example, the coating may be washed off or may be removed by stripping
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layers. These layers may have similar properties as described above with
respect to the coating 40 shown in Figure 4A. For example, the layers
WOora)HgvB18imilar refractive indices to reduce reflections. In s@&EUS2007/000299
embodiments, the different layers may have different properties. For
example, one of the layers may provide easy release from the
photosensitive material. Other configurations are also possible.
100631Figure 4B illustrates an embodiment of the photolithography
system 10 wherein a liquid flow mechanism may be used to provide the
intermediary layer 40. Many of the components in illustrated in Figure 40
are generally similar in form or function to those illustrated in Figure 4A
with ch@&RNYIIRLRe Sinthst discisseshercrPhieaars RANSIHITRIRRE8Rg may also
100641In the embodiment illustrated in Figure 40, the intermediary layer
be emplaye formed by injecting a liquid 80 from an injection nozzle 70 such that
toeskquid 36 Sews batvaandite, shpaHenmtanplaiealih@nrdiiigises a plurality of
layers. PROIQISEIstcoated cemiconductor waler 43. The Jaud 83,5 (amoved bY (4 ihe
YIS an mstakeynozﬁ'e)ﬁ‘flﬁe MtakeMozle 74 may use suction to femove the

coating HEHBM Ntﬁig@e o orzteaniplegritic/hams Mtw@ﬁmﬂ?gu@rdﬁive indices
to redufNEEARIPAHMER]S AL USG5 RO DOFFER QT ﬁ%k'%'%g% Kifferent

intake. In other embodiments, the intake nozzle. 74 may be replace -
propertighe Bprfivpensiai 085 06 tBA VAT rREvE IR S UTE ST FdERMBesHRpSpsensitive

materiall QOTHRE GAMERNSH & Brexieopisetihie. positioning of the wafer stage 58 in
substantially the same manner as descriped in Fil%%re 4A. C)Etionally, the
1§ 8T

K% biler Eisy Yo riBTREs 8 STRREAERS 1§ eIt ae 10
whereinreliguiedifsonritichaysiamaprHanseghdpeovide ibs HleamadidryAasepdtatdiany of

the comnOZZI C%nlﬁrl%lslg'r %]é) }ric’ E"? Vm‘}e %y bee %%(eagafp SS?I?I] ‘Iaaf*a {plqgrdrinm(%%?ﬁction to those
168 e |quu§1 may be stored 1ma resetvoir tnot shown) prior to

llustratigjestidfigues tHAsysi@nvild thrblgh thaliejedifonssod zkxFptinnsowgard to their

differen€@bodiments, surface tension of the liquid 80 may provide the physical
mechanism through which the liquid spreads in the region between the

Kf98hens Imathn gRe fimstels hitrote i Figu e &y iE AT 2RO is

formed B9 MpecaISO SWdaiiNddhecse micaeucsar waies 58 taprovistera:fioyaRf Hte flows
80. .In some em e liquid 80 removed b intak

liquid 80 odiments, t h
betweot b Rl RN 1 BB L5 oL P Vet 46. The
liquid &mbodimenrts themeimekedligald 86.is Tiscantéde frorzithd4ystermdd suction to

remove AEIRYAIES, PUHRRS (PR SRONIL, QY deiped tﬂé’ﬂﬁ&é&@%ﬁ%@i@&@ﬁ%, other

‘the system 10. In some embodiments, the controller 62 may control the
embodigiGaipsadya¥te CoRtel theCratdefalety Brihetiyirist Betiedisse. In other

embodiSieAEIeRs template e andihe SRIMGORBICHY Walek 48010 0BAIEN@JOsidwn) to
remove E%l?erﬁ%ig%ast%gngotgéesqjsatgntq%.tr h%fecrog&gﬁgl'g fgg rlrlllggecontrol the positioning of
the wafer stage 58 in substantially the same manner as described in Figure 4A. Optionally,
the controller 62 may control the rate at which the liquid 80 is injected into and removed
from the system 10 through the nozzles 70 and 74. A separate nozzle controller (not shown)
may be used in some embodiments.

[0065] The liquid 80 may be stored in a reservoir (not shown) prior to injection
into the system 10 through the injection nozzle 70. In some embodiments, surface tension of
the liquid 80 may provide the physical mechanism through which the liquid spreads in the
region between the superlens 34 and the photosensitive layer 44. 'An array of injection

nozzles 70 may also surround the semiconductor wafer 58 to provide a flow of the liquid 80.
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superlens 34 to the photosensitive layer 44. Accordingly, the liquid 80 may

have a refractive index that is similar to the refractive index of the material
W@ electerd by the photosensitive layer 44, e.g., photoresist to r@€d¢es2007/000299

reflection. Additionally, the liquid 80 may be chemically compatible with

the photosensitive layer 44, be of substantially uniform density, and be

non-contaminating. The liquid 80 may be substantially transmissive to light

of the wavelengths transmitted by the superlens 34 so as to provide

sufficient optical throughput of the photolithographic system 10. To

prevent spurious reflections, the liquid 80 advantageously may fill the

region between the superlens 34 and the photosensitive layer 44 so that

In somet}&ﬁ{goﬂfﬁx%s‘é‘i[&qQQ'ui@@@?@&l& . %m&@%&@%&cﬁ%ﬁﬁgﬁmd within

water, and in particular, purified and de-gassed water. In other

the systeimpQdiisHess tilettherEBbod iy enpsd tead &b Hisraxigd Gom the
system qlbf’”@%f&'@ﬂﬁiﬁﬁ Qﬁhﬂﬁdi%ﬂﬁ%ﬁwﬁfﬂﬁiﬁ}b@f&ﬁgé’d T@?djé@tidlﬁgi@%ﬁ 18 into the
selected such that its properties, such as, for example, viscosity, density,
system {3 T PR ABSHIGRRI s, LFRLIS D2 B RINE Rty =P contrl
the ratetbéiiioal odnteréssillli®y, seevedtahle superldf 68hpldiguid Hods thgstemiddhductor
wafer 485 illustrated in Figure 4B may be susceptible to the formation of bubbles

in the liquid 80, especially in cavitation-prone regions near moving
Kifdates. BhbbievichBPresat heimsige tobstedétiontheabensfiornd, halt from the

superle@MaliRs Hh'@c&geﬂgﬁmqﬁ%puqn’A%@Sﬁﬂﬁ%l}? HSCRURIHN G0 ARSI e tractive

. is desirable to reduce the incidence of bubble formation in the .
index thatdfofitmdialsh s yeteitiys. iefionhiihe SBATErEmBRARHER Higyrhnigeeasitive
layer 444 S5RBIGRERN Ol SYRIe R {Beti Showa) Bidaiana file stiar [eieay Gtdthemically
shown) to control the.properties, of the liquid 80 sa as tg.improve, e.q., the
compat i RS o DRSS b Sy, Toreg vt i BE non-
contamip@07¢08TB¢ IRAT/ BB 20O HOCORIA BN Tkseispiic lolighmbbtimemelengths
transmitWEEHGHN GigE,4 184S GOMMENIY KORWNIE At 5:RaPIMEERput of the
_configuration for immersion photolithographic systems. Other
photolitbagseiiinsnesest tHe pho RIS rapHic ey s tothah liipedatl athpeageously
may fillCARIGHEIBBE SCtha SufireXa W h Bth HAbIs Ak (B AYINMRQhat there are
. _configuration in which all or some of the system 10 is immersed or
1o alr 88Hhmerged in the liquid 80. In certain embodiments of the
[hetdlithoghaphiiu Y StemalQ cierikte fioreciamyplay eradd, may ioqrapiiséag purified
oating on.th sensiti epal iquid. fl hanj
ana de g R o SR carbon

dioxide anjathieittre hderédpin§ bs diaiddhauotelsq e psal. AhsHauisbBSitay|hgeelected
such th4é SOPRIIRINELNQIresisteaRaIBOsRdoaiy IMAGRS, Ofthe RAleY) ddractive

i may be printed on the semiconductor wafer 48. The photolithographic
index, suraes eR6 ofal R3S SAN S YN M ERETEL Rt E N RS SRR g
[agess andAdicaidrabsopisgar BllayiilipataedionBighsudB layerscasuicspeble to
known int rt.T stems.and methods. can be used in a wide range .
the for B S 18 BB SR (B fovine
surfaceghBupblemmagidrasath o snerascobtpbeain Meweabions divtasgedvisiduc to light

absomtf&ﬁqrgﬁéﬁmoéplmmiC@J&(ﬁﬁﬂféfﬂnﬁ tbeisgmigenduetRicwalerif8dence of

the systems and methods may be used in other applications, for example,
bubble fgrmation Biiks BislBPeg BFpTBd s QtiERpp o BepphediBrRs may

utilize ANPPSSHIR, 856l system (not shown) and/or a filtration system (not shown) to
control the properties of the liquid 80 so as to improve, e.g., the imaging capabilities of the

photolithdgraphic system 10.
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100711 Advantageously, high-resolution, sub-diffraction-limited

photolithographic imaging may be provided by the present systems and
WOt However, the systems and methods may be applic®61&t52007/000299

low-resolution patterning as well. The photolithographic system 10 may

also be used with other types of plasmonic lenses. An advantage of the

systems and methods described herein is their simplicity of use in the

commercial fabrication of semiconductor devices. (0072]Various

embodiments of the invention have been described above. Although this

invention has been described with references to these specific

embodiments, the descriptions are intended to be illustrative of the

[pygsYion aind gie RoAIEEANFGIBE: IMiing Y %Edp@%q@@enﬁm known
) applications may occur to those skilled in the art without departing from
in the 3HeapR SPITSRA SRBRETHRE iVeHRBITEicaeRhe herr e fRigms.  Other

embodiflaior WEAHLIS RLAMMER 9stdmAl Dheiglilhtgrahitsystesddbpurations, such

exposjng g photosensitive material hayjng a_first index of refractjon and
fside l%ﬁ%’jh Gih R il

=, for epBlfs Uiy ARG, R SR CB iR "4 of the

system pliralityohéeatdires thhtrergpagubetdigaid IRfht;, In @idte etnbothatentl of the
photoliciFR2RAH orVrard 6 S RUBYRLOPRINE IRRINEP SABAE!S W ting on the

material being substantially transmissive to said light; a superlens
photosegisfive arptempiatd stdalaie darcmabenisiand rearward of said

@sensitive Patenal aamdy oth el IHAIRBAANIRUSTBOMNRRBRAIY enable the

.superlens and said photosensitive material, the intermediary layer i
patternipg oS RIHERIHEANRIFE At aAPRASHISIVE By Saitt ROmPEataRARAETs st can
be expobedngudifferers thioth s aidtphato sangity emnate ral ik e dnirivnadisry Jafer 48. The

s ERSEO TR SR, S, o g
layers apdrimpeimisoblomingsistalloying of portions of such layers as is well known in the art.
The systems and methods can be used in a wide range of other semiconductor device
fabrication applications as well. Although the system and methods described herein have
been discussed with regards to photc;lithographically patterning the semiconductor wafer 48,
the systems and methods may be used in other applications, for example, to pattern other
types of samples or products. Other types of applications are possible, as well.

[0071] Advantageously, high-resolution, sub-diffraction-limited photolithographic
imaging may be provided by the present systems and methods. However, the systems and
methods may be applicable to low-resolution patterning as well. The photolithographic
system 10 may also be used with other types of plasmonic lenses. An advantage of the
systems and methods described herein is their simplicity of use in the commercial fabrication
of semiconductor devices. |

[0072] Various embodiments of the invention have been described above.
Although this invention has been described with references to these specific embodiments,
the descriptions are intended to be illustrative of the invention and are not intended to be
limiting. Various modifications and applications may occur to those skilled in the art without

departing from the true spirit and scope of the invention as defined in the appended claims.
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3. The photolithographic system of Claim 1 or Claim 2, wherein said light

comprises visible or ultraviolet light. 4. The photolithographic system

of any of Claims 1-3, wherein said plurality of features comprises metal.

5. The photolithographic system of Claim 4, wherein said metal comprises

chromium. 6. The photolithographic system of any of Claims 1-5,

wherein the features have a width that is smaller than the wavelength, A.,

nd adjacent features are spaced apart by a distance smaller than the

WHA%J&&W&I ? 7. The photolithographic system of Claim 6, wherein

the width a ci re ab ut 16 or less. hotoll

Fetom A R SRE S ST T A A SR QL Sy frs
index ofnref reatisiranel thsﬂosstwtspagmmam repidiayletength 9\, Bhiel pysiéntitongpaging:

system | are forward of said

s.ubstragI)ﬁj %'%%ﬁ%%@ﬁ%%gr %IC s?ést%eﬁH ?ainy of Claims 1-9,

Wherelrﬁs@ﬂ@tﬁlemﬂﬂt@ﬁaowpm@ﬁ ebIgarb iy alibtieicepratee features, said

LohoiEB PRl AR BSUSHEM AL SR GlARSi Infyherein said

dielectric material has a thickness less than about 100 nanometers. _
a superlens disposed forward of said dielectric material and rearward of said

photosensitive material; and

an intermediary layer between said superlens and said photosensitive material, the
intermediary layer comprising material substantially transmissive to said light, said
material being different than said photosensitive material, the intermediary layer not
permanently in contact with said superlens.

2. The photolithographic system of Claim 1, wherein said photosensitive material
comprises photoresist.

3. The photolithographic system of Claim 1 or Claim 2, wherein said light comprises
visible or ultraviolet light.

4, The photolithographic system of any of Claims 1-3, wherein said plurality of
features comprises metal.

5. The photolithographic system of Clam 4, wherein sad metal comprises
chromium.

6. The photolithographic system of any of Claims 1-5, wherein the features have a
width that is smaller than the wavelength, A, and adjacent features are spaced apart by a distance
smaller than the wavelength, A.

7. The photolithographic system of Claim 6, wherein the width and spacing are
about A/6 or less.

8. The photolithographic system of any of Claims 1-7, wherein said plurality of
featuresisformed on a substrate that is transparent to said light.

9. The photolithographic system of Claim 8, wherein said plurality of features are
forward of said substrate.

10.  The photolithographic system of any of Claims 1-9, wherein said dielectric
material comprises polymethyl methacrylate.
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12. The photolithographic system of any of Claims 1-11, wherein said
superlens comprises metal. 13. The photolithographic system of
Claim 12, wherein said metal comprises silver, gold or platinum. 14.
The photolithographic system of any of Claims 1-13, wherein said
dielectric material has a first complex permittivity and said superlens
comprises a material having a second complex permittivity that is different

from said first permittivity such thats rface ons ca roduced b
S5k ligtthe PG g B3t RAGRaE 8 By o g 3P IS ke cletectic
materlwmmmma(dedmmmmmmmmabbmfﬂabmmplex permltt|V|ty and said

spperlens com sam terlal having a se rﬁuﬁi complex pe mittivity. the
rggl par?%?s%l ?ﬁstc%r ARSIy |ty Xn SUHY pari éal a%k5 Superlens

comprisesomabomplex permittivity having opposite signs. 16. The

E%%gllgm |tt|V|ty5é%6h§él§) &EFH ]Oqagwaﬁ{eelrgmto It og%ﬁhﬁe?;g%%ﬁl?ﬁ silver,

gold ogptatingrs.or Claim 16, wherein the absolute value of said real part of said

figst peritiivis el gavabiodhe Goeglitsvalye %ﬁ@r%ﬁ?%bi%a&electnc

of said second permitlivity. 18. The photolithographic system of any of
materid|BAna it ZOMREPe RESE H'%'G}béﬂ%%%&ﬁoaf LT PR RY568 StRSteH R gy second

complé}f PERMIUR/ fBAINEES UHeieAD fapnary firiddefaaif, gﬁ@ﬂWtﬁﬁt%ﬁ%@ plasmons can

features. 19. The photolithographic system of Claim 18, wherein said
be progqugé@/ ildhbied from said plurality of opaque features by a distance

ofdess th?g plhﬁwnﬁtﬂ@ragm@r@fyéﬁm of argooidfr?avh@tqhgmﬂ@ml@m@ ;ss@@emelectric
w rein sald surface Is s e rom sal ura It .
materig [ Ty el B L AL T G A Deving a second

compl@dpﬁ’mmtphu;pltﬁumm ofy stidrfiostacompl &2 | g thAQy witbteéreaigart of said a

hoto |t|ve rfa closest to said superlens that is in
secon k(fgnr]learﬁ {n dF] ngiﬁ?gg >

16. The photollthographlc system of Claim 15, wherein the real part of said first
complex permittivity is positive.

17.  The photolithographic system of Claim 15 or Clam 16, wherein the absolute
value of said real part of said first permittivity is substantially equal to the absolute value of the
real part of said second permittivity.

18.  The photolithographic system of any of Claims 1-17, wherein said superlens has a
surface closest to said plurality of opaque features that is in the near field of said plurality of
opague features.

19.  The photolithographic system of Claim 18, wherein said surface is separated from
said plurality of opaque features by a distance of less than about 100 nanometers.

20.  The photolithographic system of Claim 19, wherein said surface is separated from
said plurality of opaque features by a distance of isless than about 50 nanometers.

21.  The photolithographic system of any of Claims 1-20, wherein said photosensitive
material has a surface closest to said superlensthat isin the near field of said superlens.

22.  The photolithographic system of Claim 21, wherein said photosensitive material
is separated from said superlens by a distance of less than about 100 nanometers.
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22. The photolithographic system of Claim 21, wherein said photosensitive
material is separated from said superlens by a distance of less than about
100 nanometers. 23. The photolithographic system of Claim 22,
wherein said photosensitive material is separated from said superlens by
a distance of less than about 50 nanometers. 24. The
photolithographic system of any of Claims 1-23, wherein said intermediary

layer has sufficient thickness to protect the photosensitive material from .
g T T GO i S Re e ™ L Sat BHE B RHOGEpRlve materal
is sepapststtironf Gldisnd end ey eidi saittédelessthianabaye isnanormernanent
suych that the s lens can be separated from the intermediary layer. .
out TR DR S A AN E S iAh S ntermeniary
layer satdififthiegt dpttknssstenprofeCldiva potnsaisiiine Biateiald orsaidmage from contact
ith t 'Q;QEPEQ i ry layer has a thickness less than about 100 nanometers.
W rg i egé otolithographic system of Claim 24 or Claim 25, wherein said

iermed e yphoel thagrspiiic iveler| @5 sGian 2o Brenrdmbntagnediayglayer is

non-per HERAP QIR R RRLCS YIRS AN CIANRS BArs thWNRERRSRA 1ayer without

intermediary layer comprises organic material. 29. The

damagh Lt NRlReRIsE \«§/81dfiak any of Claims 1-28, wherein said intermediary

lpger Comﬁrb?%‘ﬁ)ﬁtﬂbﬁ%ﬁﬁild@"ﬁ% 6f9@|%ﬁ3rﬂ@iﬂ§e(’ﬂ QHQSWM&H%Q intermediary
substantially equal to said first index of refraction of said photosensitive

layer Nasadhigkness egs §1q0 ystem of any of Claims 1-29,
wirereinma@giastieliognasfc el seiel ol Criity 24 teatikies 25 woekepeddd Raimediary
layer H%Q%tt s nnseigg/ %ﬂaerg igllj'out 50 nanometers.

28.  The photolithographic system of any of Claims 24-27, wherein said intermediary
layer comprises organic material.

29.  The photolithographic system of any of Claims 1-28, wherein said intermediary
layer comprises a material having a second index of refraction that is substantially equal to said
first index of refraction of said photosensitive material.

30.  The photolithographic system of any of Claims 1-29, wherein a near-field image
of said plurality of featuresis produced in said photosensitive material.

31.  The photolithographic system of any of Claims 1-11, wherein said superlens
comprises a first superlens and a second superlens, wherein said second superlens is disposed
forward of said first superlens and rearward of said photosensitive material.

32.  The photolithographic system of Clam 31, wherein said dielectric materia
comprises a first dielectric material and a second dielectric material, wherein said second
dielectric material is disposed forward of said first superlens and rearward of said second
superlens.

33.  The photolithographic system of Claim 1, wherein said intermediary layer
comprises a coating on the photosensitive material .

34.  The photolithographic system of Claim 1, wherein said intermediary layer

comprises asolid.

=24 -



31. The photolithographic system of any of Claims 1-11, wherein said

superlens comprises a first superlens and a second superlens, wherein

said second superlens is disposed forward of said first superlens and

rearward of said photosensitive material. 32. The photolithographic

system of Claim 31, wherein said dielectric material comprises a first

dielectric material and a second dielectric material, wherein said second

dielectric material is disposed forward 0 aJd first syperlens and rearward

il SHEHITSEIERENE Yoo Ao IR Sy S BRI aver
compriksepdibegin.said mtermedlary layer comprises a coating on the

tosepnsitiv m rial, 34, The olithagra h stem of Clai
‘%%relﬁ%al ﬁn e?r%lﬁe h'C & com@rfrgés 4'sond P eg 5OHRESNY @ n]'q("d flow

mechaplml(mlhfmg}wnmmwdmﬂ@iwm&jlwyéwm sald intermediary layer

comprises a liquid. 36. The photolithographic system of Claim 35,

further comprising a liquid flow mechanism configured to provide said
intermediary layer.
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