PHOTOLI THOGRAPHI C SYSTEMS AND METHODS FOR PRODUCI NG

SUBDI FFRACTI ON- LI M TED FEATURES BACKGROUND Fi el d of
woheo7loswsst i on [ 0001] The present teachi ngs rePa@rastm7/000299

phot ol i t hogr aphy systens and net hods such as for use

in fabricating sem conductor devices. Description of

the Related Art [0002] Conventional "far-field"

phot ol i t hography systens use |ight and a | ens system

to image a reticle having a pattern thereon onto a

| ayer of photosensitive material deposited on a

sem conductor wafer. Such conventiona

phot ol i t hography systens are referred to as

"far-field" systens because the inmage produced is in

the far field. Accordingl the size of features in
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far-field diffraction. The m nimum feature size Wt hat

may be produced using a BOKRKGROGAHP far-field
Ei 08k fleithdQebgphi c systemis W= k,- (1) 1INA " where NA
Ical aperture of the system | is the
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suayas tt%rq.lse mq”abrl agm € rcersfcg gr Ucf actor, which depends
hey aspec %F'Phg ‘v({ ﬁ11ﬁclud|ng for exanple,
Debhept&imeifnmkelﬁtedlmtr oduced by the specific

phot ol i t hography syste ,the properties of the

ot o7 PR st SRl T esen &b teobight and a lens
sydtém o Aeiage aStikleCiavir@ah Wakén ﬂhbl%o@ @E&hllﬁmgfmﬁkdéensmve material
depé%% m nust ut|I|ze smal l er _resolution factor,

rOTh nefIE AU WakeE, %ucéwrﬁw\@fln%aéra}tthghography systems are
refR¥E LERORL QN> SyEbhRBhdeQRe ilﬂ@gre%ﬁf)duc{eg Q@l%] thgﬂe[rrf%m Accordingly,
far-field lithographic systens include conplex |ens
the figg offieatuygs|in & ietiele pgtierp that ey bay repreducesicaroihlaygt §f photosensitive
t f c c
mEHIISR IR Dy leld MRPAL 0 HROTIIYES AR size 77 that may e
prefucghusing greascationd fer-fitld photobthogiaphic Systmeris| i mi t of
0.25 for half-pitch i magi ng. Thege conpl ex | ens,
however, may include many #&tiigat— el enents and are ¢))
expensi ve. [0004] The nuneri cal éﬁ%rture has al so been
wheP N3is @Be niiQvRYAT aﬁehﬂﬂresdf&h@ BPsteher & theGhivein@RPERL &S used by the

through air fromthe lLens systemto the sem conductor
phogetithography ﬁgstem 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.



phot osensitive material thereon, the nunerical
aperture is limted to one. Imrersion |ithography
woherrasmsiBhe | i ght propagates through a medi unmPOauISBE7/000299

an index of refraction greater than one has lead to

increases in NA. |Inmrersion techni ques, however, suffer

from probl ens such as inconpatibility of the fluid and

the wafer, bubble formation, and pol arization effects.

Further increases in NA are |imted, however, because

of the Iimted range of conpatible imersion fluids

havi ng refractive i ndexes above one. [0005] Snuller

features may al so be produced by using |ight sources

heoo4)9 ST hemeAPAT Bektife WAV 8ls6 NHBER SncreBIET Bbtver, in systems

yhot ol i t hogr aphy systens nay use visible |jght havi n fg
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Sone of these enbodi nents cog(prl se photolitho

featureg.y d{lEagoleb Aysteras. hgwissen alspeuéfen ﬁpntéta“é)yglfw aﬁowsased cost,

shorterqaﬁl {@9 egeghtd lofw%;' SHATRS Fﬁ%&: ?‘eesph@t esist that is sensitive to
oto ogr aphi ¢ system for exposi ng ﬁo tosensitive

visible nhglgr isathdrper gdambrg gobishdeith ofespest rtac aurlnmnamntammants than
ultrav1£l§tsgeggi§lv<¥Sh(t)tgfesfsght havi ng a wavel ength, |. The system

I ses urality of features that are opaque to
tlh@()d]l ghThus whae isenteaded armpplenolithoghaginosyetbnisothatue ot restricted
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bet ween the superlens and the photosensitive material.
The dielectric material__is substantially transm ssive
to the light. The int erWYI ayer conprises

@)1 al AURSHANbT ailffeyent LABSAINSSHtY 8 iR ihihtioh 3¢ didtioBed herein.

the materjal being different than the photosensitive
Some gpftthgseggmbodiments 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

D-



[ 0009] Anot her enbodi nent conprises a

phot ol i t hographi ¢ system for producing a near-field
wOomragesisihe system conprises a substrate that PET/US2007/000299

substantially transmssive to light, the |[ight having

a wavel ength |. The system further conprises one or

nore features disposed on the substrate, the features

bei ng substantially opaque to the light, a spacer

materi al di sposed on the substrate, the spacer

mat eri al being substantially transm ssive to the

light, and a superlens fornmed on the spacer material.

The spacer material has a first conplex permttivity
substanfyall ) transneiadive e the tiphtt witls theasattrialdeirgndi fieleet thap did hasosensitive
onprises material having a second permttivity with a
‘eal part that is negative. The system further
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light, thea @t 1IN LASQRSIth Y eTRB LR AR fudiG boliised Bfe or more features

superlens s separated fromthe photosensitive

disposegp@re they subshigte, | «;/e”?atwfes diedneo Sestntiplle apagqusr talthchdighta a spacer
i t

i K LS040 A LR BT o e

light, ancha speerkens §trmed @exh@ﬁpacelf matetipb nTheTstpecayBatenalmaedlﬁrsts:omplex

. £ f ures Ln the er
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ess. In another enbodi ment of the near-field

Substanﬁﬁ'&' B4 Kot dpHiledyatrefpctidte Theruptemapasiyees ayspr-field image of

the featGRETH A8y Bf PREBRNSI B LRk B [0011] Anot her
enbodi nent is a nethod of fabricati ng an integrated
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The di el ectrl c material is substanti al

to be pyfihy Acpeiens onelas Grilipors inh i PR SR l?FéWF%Iyérhght source

and thelhﬂﬁ)t@seﬁélﬁﬁé 1dyB eXh O bhéteédnditivk AyerMds b Firk©RBANSF ¥&radefon and is
[
responswegto light having a wavelength, A. The superlens template comprises a plurality of

materi a?’

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



havi ng a wavel ength, |. The nethod further conprises
interposing an internediary | ayer between the
weoeupErisets and t he photosensitive |ayer to redBC®US2007/000299
contact of the superlens with the photosensitive
| ayer. The internediary |ayer conprises nmateri al
substantially transm ssive to the light. The light is
directed into the superlens tenpl ate thereby exposing
portions of the photosensitive |layer to the |ight.
[0012] In sone enbodi nents, the nmethod of fabricating
an integrated circuit device further conprises
devel opi ng the photosensitive |layer, etching the
rearwat®Bifht Photoddidithe TRV NI HENBIBRAE QSRAS tit YgbstAYigNly transmissive to
- [0013] "I'n anot her "'enbodi nent of the fabrication . )
the lightetThsdohotosaesitive Jaypighasnm fest drdexnef Telastinneand & seroasivedo light
. n t,0Ss it I : [
having e T 0 (M oy SteGRERE JEBAIClRy tayer
betweeh theasupetiens aaditodiphmgosensifive lyemtetrhdute cohtact of the meptirigny with the
| ayer .has second . nd of ret t ] i I
photoseg e AT o TS TG PO RREL P e sPafefty sragspmissive o
the lighaf THedighindd disensd tnitey ¢henmtperl érsl temiphate dreretiynexpobiog ipogiting of the
h of.Ihq faﬁéic?Ihon met hod, the superlens conprises a
photosngifive Igyer PS8 n certain such enbodiments, the metal
qO0NRY | SEE Sdrh¥ &mbod@théhts, Othel kU UsA fAbeiddthlg an integrated circuit
Enmbodi ments of the fabrication nethod are disclosed in

device \{ithey HBPTEIE| Serloptnenthce PPAPSOSIF| 98T stilRRe iy matenal, and

removiflB iHeHoWs8hsfivd By&not her embodi ment, the intermediary
ka%er'conprises an organic materi al h other

i mektanother embpdistent of te fahrigpden psthad, 3 agarfialgmage of the
el b GFHLSHDASTRACLIEALE o EBBLGRI B bz
layer @errien wthesstbodhemndisg tohenatehsuntfodimprtr of dhpr ingthed, the
. . e |1 . he N .
e A8 b L9 P IRAARORIURSHL IR A0S e it e
of reframionodf #cdphotosemisitive conerils e dn pregtaind embodimeents gfiitige fabrication

roma fluid output port and renovi the Liguid fro
methody 45 giheert IE RS 2 BPO0YoT Bh I htegracte: erPegiients e metl
comprig&\sileer, gald, betithailfi.cat ed accordi ng to any of these

fabricatjpon nethods.. [0017]. Anot her, epbodi t . .

d@ Hi segmgog‘ﬁlﬁnfﬁ i%h ré’ﬁ?fz?:h%ﬂeé]ﬁ‘?ﬁ ee‘ﬁg‘g%ﬁeﬂgma which the
dielectR OhARERS icbinpeiseR tyilyndth {10 niethdcgfliteDeam anbBesS gt diment, the
) conprises nmeans for blpcking ﬁorti nsof the |light beam _.
intermediary JRYRr SORRPEET 7P GFeapicgRetcHAly QST FRPOGEREIS thefitermediary

layer chthpds®RRASoMEt h the pattern of |ight. The system further
conpri ses neans for.couplin% the pattern of light into
tIp@Ls] In certain embodiments of the fabrication method, the intermediary layer

comprises a liquid. In certain such embodiments, the method further comprises flowing the
liquid between the superlens and the photosensitive layer. In one such embodiment, this
method additionally comprises providing the liquid from a fluid output port and removing the
liquid from a liquid input port.

[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



pl asnmon generating nmeans and neans for protecting the
phot osensitive material fromcontact with the plasnon
wgenroaiging nmeans. The coupl i ng neans are subsPamntisalolyo0299
transm ssive to the |light beam and the protecting
means are di sposed such that |ight couples out of the
pl asnons into the protecting neans. [0018] An
addi ti onal enbodi ment conprises a nethod of exposing a
phot osensitive material to a |light beam The nethod
conprises bl ocking portions of the light beamto form
a pattern of |ight, propagating the pattern of |ight,
and generating plasnmons with the pattern of light. The
of the NIElithssdnd w fdiey a ganpm s Hgltoatd mkgnd fa¥hdenetiting fpldsheons with the

plL.asnons into di um subst antial | ptical l s
pattern B B sy i PRt BEBIS AT ANPTIBE RGNS into the
lasmoR BEn At pEs EArR Ginti Hcalb 88:Q5 68 REtAd e pPhBicREksMivd M@ital f tact
pasmc'cgnt act gﬁfi ng the nedi ul{ni? BRIII:gF DI%%RI PTI dl\l OF TI%IErom cone

with theplagpnegeteging meangy Tae soppling mepss gresbaanially frasmissive to the
light betaﬁlrr%@fh% Jr@t@ctﬁ'& RERRAER os‘éﬁ_sﬁcﬁ]ﬁﬁ{ ﬁéﬂt%t)gples out of the {)leasmons

) ph6t0[|thography system wherein the superlens tenpla
into thequpfsrtiingwemsaque features (shown) and a netal
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ional "view of an enbodi € super
photosdneitiyk atateriah keem lightrtgeagh  Theemkthné c@mpribes Hogimgepdrtibhaof the light
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beam 1§ ROUF < Yy PR B, PRI G BE ol BBy, 38 e glgomons
with the Hlpbm&h mﬂlthght)f Tac I’mf?a’ﬂﬁecf ﬁ&lhﬁi‘ p&ﬁpré#dstdaoglgxagahghtsgm to€the plasmons
) shawi ng .t he. erleps te ate di sed over, a
into a PRGIRCShERRTAIlY SRIcalY AERSRESHE P (B eisoualereait gf ghe plasmons
and proletyiag thdytoalei it maleBRPEIm ogiab Custy the nfedpg@hemat i C

di agram of an_enbodi nent of a near-field

photolitth?%Hﬂ§D§§§?g%T“N%F§1FHPH@RﬁMUQV%%diary | ayer

gi SePighrd 23k aN@pOel ¥ PEGIPRANBINMAINER FREE énodiment of a
a 0023] Figure 4B is a schematic diagram of an
near-1i

oRiPHthagraply sysirsavheied) theshperiins teinp]pigrieppsiges eppque features

: i ' i ntermedi ary | ayer.
(shown %ﬂ?ﬁ%ﬁaﬁ %&%ﬁ%@b’%@@gﬁm N PREFERRED EMBODI MENTS

1Q22)] \Bighou2 snbodisssattonel vidve of muembalimeunpf tlse superlens
ol ,t hogr systens. t ha se..a.Su | ens. t [ ate
erpin J0h5] BT BB BT P2 AP BB Py R S e
metal skpaglenelalerThi s superl ens tenplate 14 conprises a

B3 i .3, BBy GOTRAA 5 PSR, B e
photolithygiaPhy 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.



[0025] Images of the pattern 23 may be produced by
propagating |ight through the superlens tenplate 14.
wonowasisadn enbodi nents, for exanple, the |ighbPCcmag20e/000299

i ncident on an upper surface of the tenplate 14. The
i ght may have an operating wavel ength |. This
wavel ength nmay correspond to a central wavel ength of a
wavel engt h band. This wavel ength band rmay be a narrow
band havi ng a bandwi dth (FWHM of one nanoneter or
| ess or may include one or nore nanoneters. Suitable
oper ati ng wavel engths nay be in the ultraviolet and
visible range of the el ectromagnetic spectrum from

This su?éi’l%&d@ tehifflate MY-cBR1Prives a ﬁibdtrﬁt&)& 8 am6|aqﬂaetanf 28 c@npighgLone or more
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rar wavel engt Acco | ng
wavelen@ln oy soselwoi te atesntral eavsldngthr off ® wagelprgth b amus aravglength

nsm SSi V ht, of , t. vel
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includertit afrirAdis ﬁahamc&m Smmﬁuperaﬂnﬁg/vwavdasgﬂls giayeetio the ghtaviolet

t he ope n vvavelenthma sed. r|aI
and visihlg, kihe RIS lsCR RS SoIArL R o LOgAE s IE R and may
includef fcﬁttexsmi)iea&ﬁe P1iae WEeflerbiry 1h@ibs €X a*TBJSSE nngpkiﬁ)tdnn@ucmde excimer

Ianarlzatlon techni qu al t hqu sur.fac
lasers (3t Fiet*& AN ©OF 0T @wﬂ% SO 3@%—? ‘e aLPaT ccDke oF visile
wavele H &fé@ﬁév&ﬁ‘al Rl thgls subRlas idesditRat Mave.al liyweRa ostfert Gperatmg
erating wavel ength. O her characteristics of th

waveleriﬁh%@ light iUspth dnalpiing exifapeltayiolgtand SRR AV gAgEhs.
f@z@; depido oLy l;@tvahb@éﬂ%m*bédﬁwn%l tHe ARBQFRED S| ﬂ%t Sibstantially

e materi a e features 22 need not be extrenel K
transmis$iveto light of thempataging mavilegeth and srpyrompsige prtesiglhsuch es glass or

quartz. Z?B eF %Steagls @g %%@Ltla%ﬂealfah%raﬂahﬁgﬁlgl toTH¥hi GF0 ?t Speratlng

requenm es rom t | asnoni'c resonances o
wavelengh ahay benusefie Thy staterial Ebmpr'raing rtlileaisulxstmp rli8smayghavieen substantially

o s GEL RS B Bl rRe EhPAR S A e

surfaceGidyHd ather thamfistt en, ti tam um t.itanium suicide,
nitri ,SI| con nitride orth S Qr. ..
i@ﬁg& t %nvefsi’?ijc &bt zﬁ?‘iﬁ“rﬁ éﬁe’i”%&og{%ﬁl%ﬁ?gﬁh ?of‘ﬁ%ﬁ?ﬂ’t‘auy
opaquel t5 tHE Bfperafing \ifiﬁe(ﬁﬁ@ﬁﬁsm{ertdﬁ&raﬁfbﬂi&ﬁ&sﬁsf i ﬂi&ténﬁhﬁ@ﬁpmsmg the
froml nmto 100 nm and

featuret, i e oot BPY 817G O SEEDA LGN AQEQE e RBRE Ry the material

The feéfﬁﬁés@@ 128 0hd: 3R2KkreMRE {18 W Sifenddteniiy 128t Prafshited thibugh the
%(:Sltl ng a layer of suitable material that may he
substraig theddeisiopalby lﬁ%‘é"&aﬁé‘abﬁlab/é?ﬁ?“.?@ at frFagFeientb P e e plasmonic

resona®@{ 6f mPlaRGATHd §fdtem. 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.



techni ques usi ng conventional photolithography are

used to pattern the features 22. For exanple, materi al
woOhet7/0888180 conprise the pattern 23 is deposit edTas200M©00299

substrate 18. Photoresist is spun on, and the tenpl ate

14 is exposed using a reticle or mask configured to

produce the pattern 23 conprising the desired features

22. The photoresist is devel oped and etched to the

substrate 18, leaving the features 22 adhered to the

substrate 18. This enbodi nrent may be suitable to print

features 22 having pitches and sizes within the

capabilities of conventional photolithographic systens

tdoas] ex rdefinet A3 aimnsi e produet] diyi depositicga &syer of suitable material

toresist to . pattern. (0029] In another.e nt .
ot 8t G B S5 B O0ZE) oy HebehufERa g rocessing
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hotol 1t E%raphlc systens produced,
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Photore??é@fmslpﬁn oRORRI GIEROEbARN £ isBposd ddifLa QIS Sﬁﬂaﬁﬂc&ﬂ%}ed to
etching or electron beam|ithography (EBL)

produceChg rpg@@np'ﬁrqqnmf@m%émdmlf%ﬁta{ﬂﬁﬁza hegerssist iy dggsjoped and
etched P(? thie %glr{tloﬁe llhmléa%fll Vﬁle ﬁ:%td}éso ‘égcﬁdﬁ%ﬂedoto ttﬁm%h@éx%?e 34, This

especi y those wt scale features 22. In one
embodigwhbaraye he , sultalite | tiot tmgr ﬁﬁpﬁhyesr@? heving auitches gnddiggs within the

capabnlﬁ% o? fQBV?nﬁlﬁgﬁpﬁg %ﬂﬁ %Q%l? ?Xtergl_% tglgt rrééﬁo\é\é gﬁ%t!agémm%erﬁatenal

mwhasbhbhﬁgﬁanmmmmay be used to produce features 22 having
in the ra 0 ran
BothoEr adhminber R ae i Baerar 22 Ui Py @R psn ayond the
capabllﬂja)/oféﬂsﬁéh b&npegtibhak dphol 6888l baséd) ups}e)tdhtﬁegmpms Sbm&ms may be
di ment of the pattern. 23. The ttern 23
pmduc‘?dﬂtéﬁd%?ﬁﬁngg %a ¥aﬁ1tﬁr%edaﬁ°8”i°§ r‘F@ &t o ?r jegapple. some

embodlwﬁemﬁﬁl diRe PREGRE SN Oeahf AW) eétcﬁlhgltornabfctﬁﬁl pédnitl@lography
é near-field photolithography system 10. The
(EBL).p h@rg%pmwk«obﬁam Lihogrphy aéw&gawﬁbamay Brapss IR {igifgd-volume

producfiPrafink bty F2CEPRAEIAT thbid&Fitte Zdnadlebald1dbat@feS 22. In ome
i ntersected by dne substantially rectangular i ne that

embodigrentt KR lshograpiwpaay b@gseérto ppeducy agpag copmprisifgean array of 60
nm w1d%%a§6’\xlﬁgs diPa 'P?o Jéll)r(l éﬁéfl gﬁ%h%}neg%gﬂﬁﬁtem @@.ogapfy H14) Be used

by way o0 I nt ended
to prodii¢anfebtutds223pupE @chtthm ihgtrangerfeor? 30inm toh#0 nm and preferably about

ing of |ines
40nn19%m£§%31$§9éﬁ%§¥an |dﬁ€%é§0bgggﬁ$ggﬁd the wi dth of
[0038] 22 dFigare i edepiats bharntblodinwing tdi’ thé pbtt¢m52322é\"h€2mtem 23 is
pat t ure 1

imendef 5 aBaRp ey BB Are wabmtyarooopsef s et5h i thos may

be prin$dth pE $hé Rdarcsd Ipyuufcﬁithc@ﬁ@lgt sfysrent han Tixe pattendSpeanpdses four
osed on

in Figure 1 e di b
substankally pRgHE) Zl&éiﬂt*@?%@f@f&ﬂﬂ&@ﬁﬁ i1 i Tl e mqraseis by one
substanfid 1P Sestaffuldreidd (iR edds 3G Tishhgude Péglcﬁrl 226. anigk number of lines
spaci ngs than shown in_Figure 1 na%
selected to be ilfustrated 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



printed. 10031J Figure 2 is a cross-sectional view
along line 2-2 in Figure 1 that further schematically
wokbarggrisases aspects of the superlens tenpl at epd#/US2007/000299

Li ght, indicated by arrows 50, is incident on the

tenplate 14 and is substantially transmtted through

the substrate 18. The light follows an optical path

defined by the system 10. In the enbodi ment shown in

Figure 2, light is shown as being directed along a

straight line that is substantially perpendicular to

the superlens tenplate 14, although the light may be

i ncident on the superlens tenplate at other angles in
may bOURPEsedBAORE FEBYLSte T8) eAtdﬁftf&a 1Y, Parerd 2 380h prishRY YWRAEr or lesser

used herein are made with respect to this propagation
numbegy plofqapusps 82 anddiffexgnt sizpoapd shecingst ther shpaphntifigurgh may be
pnntedthe superlens tenplate 14 to the target (e.qg.,

phot oresi st on a sem conductor wafer). For exanple, a

fle3k]l el EFrmnre 2ma)a @esswctiomai Vm@Nfamn\g/drmt Z-2earRigne) 1 ¢fat further

i fothe first. an go d.el enen are
schemaglcﬁﬁg ﬂpugtrg%g ts ofI tf] gﬂ{pexr‘)ltr:%sptae ? i Fd&]g,hm?ﬁggeg é)é/oaﬁra)ws 50,
is mcxcblneme e teafpate 14 afxd d¢ Jubstanfislbpageneged Hronghthcbabdtiats18. The

ment. (0032] The su lens teppl ate 14 yco rise
light £lo N3 R GRtisAl Pk RIS B ey B OT ot M PRar AL hown iy Figure
2, ngmsi@emsmlaamrngmreawa BorUP SirhigRSlitAthatl ﬁesusstaﬁﬁm@rb%rﬁ%dmular to
e fqorward of the spacer l ayer 30, which may
the supegiine

be
fanrfte; We afthonaly the light mayghs incidesh gpdhe avﬁsaﬂéns template at
other dn@RE Uh &thet2@notimEME MetheOR s S‘Fﬂr()\ﬁﬁﬁ’ A5 9kal¥fd” used herein are

substrate 18. The pattern 23 may conprise features 22

made gy 19§Bech it Propreaiien daregtp@rwﬁ@e rbght atheg rl@ngxnhalsmh tr@igh the
superlén$ tgﬁlf;ﬂa@(?qllt ® B% Bl e % 2 %gha %Ht] &fal ?enjl-'}‘p&?c cl es ffr) For

refers to the pitchof "t est sca
examplepa fingd chempans myzfs sajdntolteel fbr\pmﬁc(tﬁarmg) pfj2 s¢c0B@ 8lemfmt if the first
t Ll aphi,c ,syst e
and se?t%m‘@&%?}%gts %r lcﬁ%y@? s?%) ?185 ﬁ% 19 %P éer&gsg H%h ]lhee?’;/l el,(J:PIé element
before Qfterhifpropegatenthidugh thdnﬁn;t thmedi. ffr action-linmted size

S0 T supens ERRAG 14 By croeto Rt abtions o fh sustrate 13

and thRatvass m avmpdéeh 1@\er\aloeurle|arwsu@\er1e§1s\/3/4 Thige Wp@ﬂﬁnml’: 0§ be forward
featu 10 nmto 10 m The spaci ng
of the fpacGe {:@E gﬂ%{)‘a{p I ard R dhe ’Fleamr%% mﬂlgilrf%ehcm sample
featureEQQa—QZ@ff&In%d oa @RFaRIBDEF MRMNHub&fatt 8. The attem 23 may comprise
hot ol j t hogr aphi ¢ system 10, an ar -nm w de

featureh 23 gt ing Yrh Be 2pdrrsersiee Lon T&lenbe}gt% ecthanStdeﬁned to be Dy-+D,.

The leAth QclieNO! dbmrhdidy SR &gtﬂ%e%i\fﬁlel?f frradiIRst BBYe B&BEs 22 in the
nm [ 0034] I n sone enbodi nents, the pattern 23 may
patternZgnpin halé-péch épsgieg.Cailkal/df features 22 such as, for
l e,
???Jaﬁggl eéﬁrbgr@ﬁr{tg%ét cgnth eééagsﬁl_erl](QBﬂostohﬁlbgl%ggﬁ nzgtb@gﬁ)' is t}%ehablhty to
reprodycgreapish 0§tfgerf&@tiumg 22 thatoarp emaémbfbdm ﬂmﬂlﬁractlhe-lpatddemm Win 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.



23 may conprise features 22 that are non-periodic or
that are a conbi nati on of periodic and non-periodic
woanposeniss. The features 22 nmay be substanti aPCy/US2007/000299
parallel, as in a periodic array of nanowres, or they
may intersect. The pattern 23 nmay conprise features 22
having a symmetry, such as |inear, rectangul ar, or
circular. The features 22 may be rounded, circular,
triangular, rectangular, rectilinear, or may be
irregular in shape. In various enbodi nents, the
features 22 may correspond to shapes of different
features fornmed in layers on a sem conductor wafer. A
\oe33) I angesfic QRIBQHIMQPQ% p&BRHh 1 BUEAY IBRrise a periodic array of
arrangenents spaci ngs and S|zes are possible. T0033]
features\@ 2 Biesln as, nfax; w@lg art WeraSp@fcwrels,ayiets, icircléiss pogsdtrigngles, or
rectangiégeﬁig Eﬁ&érﬁ&ﬁ r&% f&ecﬁ{a Et?nézlnt&?é’r% odﬁ&gén% the pattern
pat ter ures urface
23 ma)eocmm';pise feathe:s 20pbkatl @e soh-pamddit ©r tiht aeya bempinsanar (74 pehodlc and

non-pelil%cgc C %ﬁ:lf)%nla qg ilg-x EFE%&%L%}C ?}lr%é); glilbosga@ttle ilgg ag 1n aopenodlc
array oSW refpdratheyinal liiterse@. e pacérini 28 tnyly Ed&lﬁﬁﬁmfeam*estzz having a

ght_of .t he operat wavel engf h of t .
symmelgy R 36 1o, B o eLIPh g rogiar | The EAmenit mpydggoppied. circular,
trianguladGeStBaGR4r, FRtiBhER| ol BayBY Bregand i€ Q{Hpﬁohn Qfiridds@Mbodiments, the

characteristics and physi cal Stabl|lt%%$iépaddltlon

features P2 ghpaictensddi forhabes; wé diffsrset fra gk igplayers on a
semicohfilesr Wifef. €fA 35dd @RS b btha! shia EesV %ﬁ@%{r&?ﬂ&nl% a&n&fgeﬁxgﬁs spacings

phot oresi st as di scussed nore el ow. The spacer
and sizggare ppefiblehoul d have the ab| | | ty to withstand the

émﬁt ' ORs Qﬁ \I\nlﬂﬁl ﬁ%ﬁ?f h eﬁzert br & :sgi &b ﬁw[e gglég%ti'ate 18 and

ep05|t| on nat e ng t ne superl ens.
the fea@pcier thnmoer |Aaﬂt@ m!stymg@ﬁme aﬂ:atyres @Apmi the sndawoifd diot ¢éxagple, the

superlegﬂ %{ Ilgtmat s }? Fg Fa%g QQ%' thr ?lpegl%aceerslayer §Oh on the surface 29

r zed
of the p.é:tsmattet 18s1 The s@acerllﬂ!yeg éSlﬁ)edi(ﬁhpnsIehet facen mtatevllal yhaoﬁs gubstantially
are

a co jch, ha art .
vonsef B % 1, 2 PSR B AL BB et By 10 1
advant4peosy fok khe siﬁ@éﬁﬂﬁiﬁe@eﬂ td h@ve\/%)b@ c@ﬁl@:‘bhoﬂlﬂovtr biearhdt@stics and physical
ting throu e medi um For conveni ence in
stabili eﬁﬁ?f?‘ﬁ?% n SPRRAP %&POH@P%% g sragpromatesial Basan infere ot%¥efractlon
similardn PRGBS tHa¥ bf theWhbotor&st 128 disdBsse® dlord dlty BHIG®S 3‘ hé Bﬁacer material
i.mag |naré part |s explicitly stated for exanp

should thaye s, @Bility, te puithsiaspibextopaation of dhe ;superb%ﬁéctfw grample the

depositiBA{ FFrhab$al TONSInR O dup¥@eRer M t i vities and may be
sui t abl e spacer nmaterials. In one enbodi nent, the

J0036kr nBpaser materinls ey geporllsemprish ngscorndyetivex matsrials. The
electroﬂ@%ﬁé@i@ tﬂ?éﬁ&erﬁ@st Qial‘fl(a)éh%e? n(a'? )ma‘}r 15@51&’9;&%&%&%[ Berméttxvxty, £4.

erials such as artz, glas or SI g 2may
In generaly theiperyjitiviey of ayveateliaa@ is Eo;|t>nrméefxeltnmnlzearq wmhxh has a real part and an

1magm\%§ \)glx%e %{éhingfrrgttbda Wﬁs@eﬂm ﬁf d%( eernldsé gtﬂé% av:talﬁré%th of the
light plppaga'tihglthmougbﬁmmytdmhs oFdnecamrenﬁence 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



[0037] In various preferred enbodi nents, the super
| ens 34 conprises a layer of material such as shown in
weoeionrros183 Moreover, in certain enbodi nents, tRET/US2007/000299
superlens 34 conprises a material that may support
surface plasnon oscillations at a frequency
corresponding to the operating wavel ength | of the
| ight used in the photolithographic system 10. Surface
pl asnmons are charge-density oscillations that
propagate along a surface of the superlens 34. The
anplitude of the oscillation decays exponentially in a
direction transverse to the surface of the superlens

parylend4 Oth&lemhtBEi Sk fsﬂ&ﬁaﬁ?!ameg‘laﬁ"' Sr SHPEhhEBSs uddl RPhd ﬁﬁcer layer 30.
spacer | ayer 30 wi |l be capable of supporting surface

For refpfeneanihe RESEiitivRY jof RMMA tSr?é’Pﬁfé(ﬂlﬁf“F’m Ftal agyavekeagteicahout 365
nm. Offef ﬁfaieﬁlals'aﬁd ek gkﬁfﬁttﬂﬂﬁ'estrﬂﬁy RES Bl hidavi ty of the

superlens materi I'S negati've. Accordingly, the

40341 | enls Btiowe priewed emb@@meats theagupplenp 84 comprises a layer of
material E?ni‘r,h? gt el'{ I Zeurr ?‘y u\}‘fag%eg?/i%@oevq u:{r‘)(r;ncie%éttg{nvértng?dlmep tchehsu\;)erle:ns 34

comprigegat nmeeqaermat trhagt tsupporandirfiey fesrson t@bilhtmm eiti al &equency

comsob g I G5 i L S5 210, S0 LS, A0 iyt

10. Slﬁ'fhf:é ipcreisﬁfcbhb VareS Blgdrbe- d&{m?rcﬁdlllhﬁoﬁshﬂaﬁbﬁ)@hg&te aloak Uesitface of the
| part fhe permttijvi so that the surface

Supeﬂeﬁf é%mar e gaplitydeiqldhe osrallation a@@teéﬁw%ﬂt ipl}y i a dirpefiqn transverse

to the SlIBE oBWRS S¥periRhS 30 athe hAPRSE bEiARIUAE SupdrlRfs 34 and the spacer
ern1tt|V|ty i s negative for frequencies snaller than

layer 38 hréill frezpaneble of gurnesinp surédce plaseies gsgillatiengyifith permittivity of the
spacer CrﬁaﬁgHﬁt iSOBoQﬂO@' andC gélﬂ'ﬂjct%ltg' B ¢ tsﬁb&le%gbﬁ%ieﬁgptlsc' negative.
he netal "used for t superl éns 34 is such t Its
Accordm@xrme fsnperlran B¢ exameds ntﬂ’ﬁ%ﬂﬁ\l dbaumay be pheracierigéd by negative
t.used. i e .SyS e : -
permzttk\llgh Ssirp txg ({Emé%ic ﬁlﬁé Sﬁﬁgbﬂoﬁ’a hjr%%\?e%m%s, ;Echs? %r%&ﬁ% Ihg’ve negative
permittidtiesmndsnay bbstabixtreateaals forahe Nmrlsnmfﬁ# I hrtsrt&da embodiments, the
. . because.the col.lective, exci.tat conducti on
imagingyaatt oh PonE s BrbarPiEat SHEefl s tkedRe s e sbsolue
value opthieC adal fpzerUenpemsitivity € hiest @ehagiaae Plssmde badiBatioishdo not
f.or. exapple, alum un1 copper, chromum or
S“b“m?%HYQS@Hﬁeﬁggrﬂﬁxﬂggﬁnglthe superl ens 34 material .

QB3] MElehictdls tBYpeRhBAviDe i€ MBEANedtor [RRB%)cid Emaller than the

superlens 34 is deposited gn the spacer | ayer 30 by,
plasmar Bpquepgyef eele‘é’(f’éﬁdfla‘lh?dﬁetakﬁl?f’t‘%‘ﬁ“ﬁﬁ baeniAcgprdingly, in certain

embodMERes ittd ﬁ@ta@ msééﬁf&gh@m%neﬁ@@m ﬁl@ﬁ&hatmgplhﬁﬁ&ﬁfe@%cy exceeds
between the surface of the spacer |ayer 30 and

the vaciypt feguepcyt Heths Jisht Iuéﬁ% ns@mxﬂ% plOandr isomg enebosirperfs, noble
metals, %Efx a6 Srof QH&HH%S&l\%P dr %Qfdr lﬁg@tl#] ﬁﬁtaﬁﬁ%aéﬁ@g Y er sugerlens 34,

sur ace p asnons and dlstort t he I magl ng capabl
becausgfthe heollshoyo| sxchatigmapii eonsipstienn eiwronﬁ @mlélee mdoglirfasat plasmon

oscxllat% i e Be ?)g{\;\/cdlefg%%gé}i@ . gt Iﬁufét&@lc Emib3H ?ss Smgfggu Llﬁ'ﬁ' an frg)rpyexample

aluminum, copper, chromium, or tantalum, ?naifqoaecuesed 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-



30 and the superlens 34. Snoot her or rougher surfaces,
however may al so be used in different enbodi nents.
wOQowPRIFBgure 3 schematically illustrates furPOemws2007/000299
aspects of an enbodi nent of the photolithographic
system 10. In the enbodi nent shown, the superlens
tenplate 14 is arranged to print imges of the
features 22 onto a photosensitive |ayer 44 di sposed on
a sem conductor wafer 48. Accordingly, the superlens
tenplate 14 is di sposed over the sem conductor wafer
48 and in particular over the photosensitive |ayer 44
on the seniconductor wafer. An internediary |ayer 40
plananiea {9;95 Ifgéae ﬁﬂlgﬁﬁésg %dt&mlgéﬁ&ls%aﬁg&tkp Surface plasmons and
sem con uctor war More particularly, th
distort thqtlmagum capgbilitgseof the phgtodtl@,gmcc Systewe & {Ihgne embodiment, the
root meian \ce]{{éellrrlggﬁrsfg’cgé a0 rcr:gsﬁ gﬁ‘&%ﬁ Y pns'dlyté)le\ﬁ%l lv@{ rbo hogéjslyacer layer
30 andcthepsupsgensad4mt &mmﬁhersubsds@hbr ahffgcee,phowaskdrymay also be used in
rans SS|ve to the light propagated through the
ddﬁ”agﬁﬁg?gl @S -enplate 14. This naterial may be a fluid or

em(m! i d pigd raméclt&maxcdnﬁ lIRGtraleS fithed aw@mw&dlmm of the
bel ow. [0042] The photosensitive |ayer 4

photoll@e&aPP@eSﬁm oWesil8 the repbodiment, shaws, ethe osupﬁ@ens femplate 14 is

mangean%r iitigha g@é’%fﬁb@?&h&é@@@gﬁﬁ&@ pHdteAR T Bayt BRI digfbRed on a
ate 1 Conventi onal sem conductor processing

semwoe@e,cmﬂ wals 4ty Mreordinglys dhes sinerient tpRplaisy ddiist dlél?ﬂséd over the
semlcoﬁmtcﬁema@é}nqgcw nebekiciBr dviroff H&% ol et 2N on the

nmthick layer of negative 8 otoreS|st
semicodysiar VSyfert: han interriadivey layer#o & l@WP@hﬁhwumeJ@Rs mnmlat}:]m and the

semmoH@L)’ct(prewM% Mo% ?)Exglchﬁ? gn ih%uiﬁgergg%lilsa?ye\f:ak er djﬁ(p n%"méﬁcﬁea tl].)gtween the

as me e use
mmm%m®3ﬁemb@wthWdﬁmﬂnpﬂaﬂaﬂé t he photosensitive mat eri al .

g@gﬁf‘] Afﬁ Vayl emqao gr%rtsg nﬂéfe éﬁltltlgg'g%harx Ia}geaxl't cthpr?srers OaWFc’naterial

s ifc) gt on t
substansiglig bamtallgltfamsmrs&ne no tﬁedighlt prapagited teosghbtht rsapaleils template 14.

. ight that i.s.jnci d n one o e tures 22
This matamiy P Pt acRBE i AaD B iPGAITe R ACTEohBore flly below
i[mzqient TRE pRotbaakitive 15’5%r RUORaE 8618 risdpHIgRs kN at ﬁ;aé‘eﬁéltwe to

er 30, mﬁlch is substantjally transm ssive to

the owrﬂém wapglengihy Ropagaied Shoygl dhe Supes dlemplate oy uFégwentlonal

semicoRGucESH PkdceEsin déJQE&hnRE&EaﬂﬁSﬂ BY VRMER Rt thepHAREAst REto the
far-field and _evanescent waves that are present only

semicopgincterawafen A8+ jlajoge empediaeng 148 vas thigk layer off regatke photoresist

[NFRld)iéeJéiﬁL' lih R VIR SHbHeR Mi%ﬁoeflékftmiﬁc@(@SRﬁvi?& CRR HAaYRS. Other
for exanple retain the size and shape of e features

techniqpgs hethewelhnowaveshd art @hevelhss thoss tetdipere dlﬁcqrhféi may be used to
deposufsa?xlfrg{ollx‘ @r?eiya?elzthégagl %n%ﬂﬁ/e%éi’éﬁ 10f @ wavel ength or

Acco y, in various enbodi ments, optica
do3gy fA@mhewarie%gnte 8i bghisindivetedely awows 196, is incident on the

templat@:qqttﬁa%y g’\h}s.{a\ﬁ%almgr{sinﬁjtted through the substrate 18. Light that is incident on
one of the features 22 is substantially blocked, whereas light that is not incident on a feature
22 propagates through the 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,

-11-



may have a size and shape simlar to that of the
features 22. Therefore, evanescent waves can be said
woOaoasigi3 subwavel engt h i nformati on about the Peawse®3/000299
22. The near-field photolithography system 10 uses the
evanescent fields to expose subwavel ength portions of
the photosensitive material thereby vyielding
subwavel ength resolution patterning. In this respect,
the near-field photolithography system 10 may capture
information present in the evanescent waves and use
this information for high resolution inmaging and
patterning. [0044] Since the intensity of evanescent
retain HO\sR SIRL e XPDB EBAtuANs| 2D Wokd) thACwads indthei fif-BBldCeven if the
fromthe features 22, it may be dlfflcult to resol ve
features A2\ | Bn g ardert of o vzaz/elerlg&hh O pHrallsEenAacpidinglyy &t various

embodﬂ'lﬂan'tss 0I g&ﬁte%g é@tfr(;lgcévgﬁ%@éntq}egdssitn@ﬂgﬁt (f»r{ dﬁt&@osensmve material
eatures 22. line array with period

may hayp a sigetasd skaresingilat tarlead of thedeatupdsi2Zh T}h@ﬁpm eppsopntpfaves can

L h e S. [ - I d
be sa1§ D&) 5 %\r!nq'P Zﬁgﬁw,gv\?\%@gtg érggﬁxgﬁg)ﬁemﬁé}tmk é%? €S %2] Th@ near-field
photolithogmphy Ispstem EDuseAShcaﬂvwnsmpﬂ Belds h@exi;maysubwmgﬂéngtm portions of
the pth;ﬁM%%fs%we mgtﬁm)ﬂp éxlgnéet P/n)ae ! oreTu Hv&v%?e%athgrggolﬁﬁﬁl)qn f f% %rﬁ%x%s In this
respectp et osedizld phaolithperaphy sysehoniag @aptur® (mfgf'rﬁatorﬁprcsent in the

tance from.t.he featur 2, the subwavel en
evanestont HARES TR LS Pty oniar e resbRii NieBE Tl pagsgming.
ljo@t4] angined! hef ﬁﬁéﬁéﬁt?sohaévhﬁ&cérhtz Savkardihyst Eﬁibbﬁehﬁally with
diffraction limt in i maged.

increasiRe; Hggrcesize 4 %?Wgew 5@%%#%%"&9 TN sﬂ[o“'@h%length features

22 if the\HRBIdseeti 3 a @48 Nt 4t R fitheNdista¥icd ot @e features 22. For a
evanescent waves. Optical enefgy incident on a

line arpayapitdir eeringr Padhe gharegterisip slistairs émw&wlwéh dbephisgsity of the
into plasnon node as a result of
evaneseqab wiakes ¢reays is Zgh?D/ %)/\Zla—r azilié;r/ dy i rrwyelséd éoiippemiginity of the

of a forward surface of the superlens 34 and ma

spacer ehilar'e anExamelp it decardengily e PMMA (44 ~ TAegis {1 nm for 60 mm
maeoi GBS i e RRhOR o EEG B SBS o Lo i taer

44 is locutdd hﬁtdooglﬁat Resp41B tfrdrh ABOBEALEES IZE,atHeoéth&thllléﬁgthflﬁformatlon
. .exa if the materials conpri sSi t he superlens 34
carried NG enssChod AV B 3 137G SRE B BITS THAUIE Sices lareet than the
diffract®d iikhittih ¥igt {19 sndyidtimab&d. subst anti al Iy equal and of
[ﬁ@PSIte sign, that is, es - ed . In enbodi nents of
t

Shhot Wl?@ﬁb@#ﬁiﬂmb@%y@tw pertichlagnibeerys the spaedqns 34 may

enhanck BEhtAQitAHhE REaR4BEE WalSs. %pt@é%ﬁ'@ﬁér%? iRk bff‘h%earward surface
selected to satisfy this resonantcondition, br oad

of the supprdensot* R baBRAYPIRhinte elaswen meelesywhich lre Wanqé b airesylt of the
1nc1den|9¥1gﬁpﬁ0299a$ %eﬂg?%ﬁﬁ){(ﬁ@ c@t‘i}ﬁed Q&tl giezpF or¥ard gﬁfa%g%?%eg.ﬂg)erlens 34

fect nown "as “superlensing
and may, prépaggic totthalphotos@siivel lhyeraidt | Biee bupeilest34ptayqabvide enhanced

I ' hth,. a Si r erl " 34 537,
energy g@ggg%t%& t.:o g%g%l%iperx?ﬁ&k(ﬂ], Sggﬁg?&\?\ﬁll on OSﬁIHatIOI}]S Resonant
plasmonreg citgamatcedrspforregbmplen ifathe mait&rkalsecmhplﬁwg 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
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Accordingly, the materials conprising the superlens 34
and the spacer layer 30 may have permttivities that
wanrey7gsbmsant i al |y opposite in sign. These PCT/US2007/000299

permttivities may al so be substantially equal in

magni tude. In these enbodi ments, subwavel ength

information carried by the evanescent waves can be

used for sub-diffraction-limted i maging. In one

enbodi nent, features 22 wth sizes conparable to 1/ 6

may be resolved. [0046] The thicknesses of the spacer

| ayer 30 and the superlens 34 nay be sel ected so that

the tenplate 14 provides superlensing. The thickness
conditi®, alBiBad RRge bf bRYBObNSMhal By dREit&EbEhERdrdnemidged By thb&pacer layer

range 5 nm-200 nm_ If_the_ thickness of the spacer
30 and |ingident 9 the sHRATIETS BtesTYF 65EE S KRAWD (36 o SURSEYSINEN g BRE: &8 N.

Fang, epgl ReL aYaRR e RIimIRY Qﬁ)tlcﬁlhﬁl %ﬁfg(bwﬂhﬁ’ divef SJﬂEﬁens » pp 534-537,
phot ol i t hogr aphi ¢ system 10 na reduced. on

Sciencep il Ok rhoHl (e 20D cuhich iy bereBOINAMPOEEbY sxfemnapim it entirety.

Accordtr%éﬁﬂ-ng % Cé‘}ngﬁgmgphéf; E@?eg%gg Plﬁreaﬁxdqgg%ﬁg&?%gmf %0 may have

permittpaliesc that are Sblestantlatlllyreomﬂig@ 1me1§1 nrﬂ‘heze)(pemmttlwallewesay also be
ide . this r |b| certa

substanglﬁ_@i g“gual b énagrll.he super ens e tg ﬁ}ilp)wavelengtﬂ 1nfanat10n carried

by ther edaresdknt fwives ti denessd dbr tshub chffrxetlbmhﬁmﬂs@ imagif®. In one

embodlwgﬁgg%rgrﬁt? 9@,3@@58%@%3@ Ial’%ﬁ hang’grrf' ‘éec%4 i's

wmgct edThe tiialeessest bif ek eSet QRAIAOhE] tthe tshiferlens 34 may be
itch size of the features 22 to_be im

selectoth 3 B heOERIES 4 PR dossReR paine o%h%@lqlwesso%ég%fswgr layer 30

may be/\RIRtRANG R, in MY rLBESBRINE ~ 20bGm. HNhe MG IR GF RNpacer layer 30 is
designed for imaging an array of 60 nmw res at 120 nm

many tgpescareaten dhapuiher desay agthaf thie eyangsrenhivayge rthe throughput of the
photohﬁio@’a%ﬁrc dktelD 0 é RBSced? InSordeOnidditiknt, ke §F3¥erqg§rr]er 30 may

an attenuat or evanescent waves, rat her t han
compnmp#@ fundayer g BMMé\ pRthey thicknpgscs @ @lsgygssmh: 10 may be
to
§o0en | 0 FREM NGV b SRS ﬁh@% B St BLORS n%ff tmle Bfee of 5
nm — 200 esmbo¥rivesnutside thés phxgbaha}t beg:oamhlnecnsqesﬂaarrerﬁbodments The

superlefxge ttI l'li](gh’%t 383 baedifted ug&r ngllcfmess toﬁ qﬁt %1#)3 rI%xgsOfié{] 1s too thick or

iTae PSS
too thiali fSubatahmlnedhamdmenBe;é ,eveneggcent Svave rnazr}t ocair ifilthe superlens 34 is
selecteﬁi go ave:nat %‘9‘51%25325’%%%? Tee{ﬁargggll;g qé’é c\g_ éltzta é’ lé;}?en rﬁ.u?elzssz etro be imaged
or to hAQQAhioMAEE thitsishefr&itiani oTaRs @ﬁrﬁ@w@yelé@tle rfoneganiple] 2810. In
mgntlret [004é%ernversely, In variqus enbodi ments
one empginegtd G REGOT IR 2t |¢108S st the superlens

34 mayRESHPS ﬁnﬂh?e?@@ll{r&s IR GEPer B8 R4 L RN BRRNA M ayf dc AN MYenuator
of the spacer |ayer 30 and superlens 34. Suitable

of evangggeat aves. frgfher than ag Ampldisr.oand the phatelithgsaphig systaxy d0 may be
able toRESINL Sﬁl\j"fga\tﬁ%s iR tar@ Lo ddFhars HRSi BRIctiBh I niQiU@Le fnoE& h&). For

pern1tt|V|Hy the superlens material. |In an exanple
example, in an embodiment of the photolithographic system 10 operating 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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enbodi nent in which the superlens 34 is conprised of
silver ( es -2.4 at 365 nm and the spacer material 30
woowmsmidsed of PMVA ed w+2.4), the features BET/US2007/000299
advant ageously may be conprised of chrom um (ea -8.55
). The features 22 may conprise other nmaterials as
well. [0049] The surface plasnons excited in the
superlens 34 reradiate |ight that nay be i maged by the
phot osensitive | ayer 44 deposited on the sem conductor
waf er 48. As described above and schematically
illustrated in Figure 3, the internediary layer 40 is
i nt erposed between the superlens tenplate 14 and the
@mtspser@bﬁoevs%w Y Saridd: ethBodiAehQUeheSBRARs BN cenpridl& material
I nt er medi ar ayer 40 is substantiall transn133|ve to
that dogs rgcmp‘)émpégmﬁg regepaicen feardhe mespnant dregpencyrafithegpager layer 30
4 I
and suﬁeﬂgr\llss%tg e%l.lu rﬁﬁtep-arp?%ﬂt Lg% ?%aggrg %ﬁr @#Wﬁé)le,%%v@ p%ﬂmttlvmes
that arqomitsabetamatllyvmuahtoethp germutivityool ﬂhmpcrlﬂns goattaalt Iwianhexample

h | 14 d
embodigiy 31 BRI PR spRTo 3807 nEPSsr TalvED fErer 16t 26 ) and the
spacer Hﬁ&'i—ﬂis 56 §’§ Ed §1§5§t ?ﬁ"l\%ﬁéf’g L QQ 5f ﬂ‘ésfeﬂﬁisﬁg rZZ%gaﬁgg%%sly may
nt er rrE | ayer rirse a

be compRbddoft @¥Eivn ¢ gerd ag.5s5 pippsli h"é’ﬁ%ﬂ%§22 s doﬂ{ﬁfs%ﬂie@ﬁﬁ’atenals as
ayer 40 may conprlse an organlc material. Organic

well. naterlals suitable for use in various enbodlnents
et h epo ropi o
Oy o TS R R Fons sRdites TRy sBneRue B rEraliat ont that may
be imagém ey&hmplh_o&ishﬁim(e%-&) 44 @epmﬁemcﬂal sl.eyruanﬂlubtablv@afer 48. As
describgg%g\r}%%gél eer%%t,? 1 CO%A Hgsl{é Tltllgz é_}sdl L onallagler 40 is

interpobeal @é’ﬂv@ém ffﬂaysdi)@HBﬁd _f_)%tl‘:'lql»ﬁrﬂl e pﬁlo‘ftiélsﬂlsﬁiln@la@éﬂ ab. I various
various enbodinents. This organic | ayer may be

embodigieats, ¢he (Yicapsiiawi BYE 49 th sebsianiially JEaneissiwpeto) Bglhty copaprising
waveleﬁ%tﬁg‘ thdiake thSsoRREE @ﬁecﬂ§ 'sﬁﬂ[?éf%né'r@her”fﬁg itk &iary layer 40 may also

fectively. To reduce internal reflections and'to
providg arnvelef nraiesiiemhfutthe taver ofimhetayertitayeymptagiak 444 fomehysical| contact

with thterk% éﬁgis% Fatté’vqgnantdhﬁ léggr rSide ot@gtgorI H)ethe superlens 34 from
e gap

Posensitive I"ayer 4 at there is no a
amuwwwnwﬂmmmphéﬂwnﬁhenmeﬁﬂawt|ve i ndex of the |nterned|ary

I 40 I l. h ; .
r[.@s?’ilct i vg d|%§)c€flex oﬁgg}l B 6%er | ‘gﬂ ar? r| Si 1%1189 cpgprise a liquid or

solid 1@hoﬁm$enantenvt&)dnmyms 412het mtereddizey Il%ryes Aol mayafcblaphis@an organic
ractive .indi.ces a

tch
materie (PBRE e halS StFDE FirihE i BGHETS 6P HRL ep BB cxample,
ethyl €oupl brapidietaVq@EP)heyslvpeldnens 3Sthyhndufabe (EL), propylene glycol

otosensitive |ayer 44 and, i nproyes the efficiency of
mononfi13h 5o (e A Peryaran PO R oG FRy et grion coatings
(BARcs;ser tAaidmu&mngdbﬁmeabsgantchﬁateﬁhsrrﬂaﬁIbaméedi ay@le &Qanic material may

nprlses naterlal that is readily renmovable fraomthe

COmPHth Btltgdicher fisphd mgterialan varoys foRmRntH gd hisoPrginislpgr may be
chemica@"Bofipat1é 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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of these desired characteristics are avail able from

many commrerci al manufacturers such as, for exanple,
wahken7iarti3 Cor p. (Charlotte, North Carolina), BPewis2007/000299

Science, Tnc. (Rolla, Mssouri), Sigma-Aldrich Co.

(St. Louis, Mssouri), Shipley Co. (Marlborough,

Massachusetts), or Tokyo Chka Kogyo Co., Ltd.

(Kanagawa, Japan). Other materials may al so be used.

[ 0051] Sone enbodi nents of the photolithography system

10 may incorporate a superlens tenplate 14 that

conprises nore than one superlens 34. In such

enbodi ments, the superlenses 34 may be separated from

the intcP@efiabt RAQEr hy PRIV 'gobd YopkiSal XdupMhd BBwWERY RO BRYekSRs Band the
sane or different dielectric materials. In_one

photosepstsiyg lavsit 44 and ipPrvse the sdiagiencyyel thesphotplithpgrephicasystem 10.
Addmoﬂﬁﬂyn ﬂ%h'ém érﬁﬁodlnl%n@»?ﬁfeaﬁl'te@ﬂlew {58046 coﬂi‘)ﬁs&u{ﬁgﬁ:ﬁal that is

ickness, and separation of the super |l enses 3
readily vqnm@blesﬁnoméhq phqtemqu lfyver 4%t Orgrnzmepatings mm M@e or all

of thesd ggSQII'CPt hg&c%tﬁstrx& rrbo%? b(l)é FEHP lg)?'i:&%nﬁ%r%gl mEIQJfaCt ers such as,

I'n sone e nn1supe
for exa:mgle,b é?lamqnmlt aCay. (harotte ONprih s@zpehhe)n s&rewer Sansmce 1(Dnm nﬁRolla,

. |l ens S rated byl ayers of. di el r
MissouRy SH AR S e A0t S5 PR G dhingroven.
Massachﬁﬁktt@ﬁ&k@ﬁ&yﬁ@]@dﬁﬁ@bl €o., [[BDYRhnkdayil; Fapbh). Other materials may
matically illustrates one enbodi nent of the

ahObeﬁgﬁf fi el d photolithography system 10. A |ight source
6o oVi Sigfe Emgbaxmdnﬁoéﬁﬁleﬁeﬂ)h%g@iﬂl@@stéﬂm 10Mral} incorporate a
0

operating wavelength | to rman I ma he
SuPerleF%‘&ﬂB”é% 4 shat r?o’c‘Wé‘S‘fJ"dBP’E?stéﬁ% PG ﬁ}{%’eﬂ&%}“ 41 st}’éb S@bodgments, the

superleﬂ&stﬁ%ﬁﬁ Bk %%lﬁiﬁ’t@& QforrW@ﬁ&r otft& by, chpﬁ&éFs 1309 which may comprise
wavel ength of the light source 50 is selected to be

the samg,pr diffeeent @rel%cﬁrp@m@aﬂﬂaehpﬁm esbpdimeny conenfdhe ggacer layers 30
comprl&\Mg' & rgaﬂanQﬁmﬁ Oﬂprfh§eﬁpéi’£t r&hgxtagélgﬁétﬁt ThR emﬁﬂﬁérattllngﬁness and

wavelength may, 1 n ge er al range Trom about 100 nmto
separatighftth@@eri apsee It amali lrﬁgvefnedrsptahéo esduce diffra¢tianaandgbancrease the

resolutltbln'] ?Lﬂlgg]mtl%% o\f' tﬁé ?tlza r%éagé ?‘fOf %J?a?nﬁl %té’ gﬂ%&ﬂg&{l&lents, a single 40

trum n sone e Yare perati
nm sumdvﬂ magﬂi&sre]ﬂag/ecbby se 0 @xﬁ&ﬁﬁ@rldIﬂsescelr fauri0 nm superlenses each

separated‘?ﬁt ayrgleﬁmts dlef Ot Ol s.ucﬁgar %I;SI]M SySt S 1|o£rcrzpnﬁ'}/er arrangements

vely |nexpen5| sure vaﬁ%
and des¥gisiagtisospibdd. er r ed enbodl ments, forexanple, may use a

h -pr sure vapor light squrce 50 that emts |jght
N8hor aFEHES A0 Bt fah oGl St ibeOIm R P near-field
photoliﬁlogﬁibﬁﬁkj/s’(fﬁﬁ yo REHRbuB 6 |peRGdds lidhgTepRQdHteESy arSoked54, with
as, for exa exci mer |asers, nmay _be used. However
operatipg wayelgngth é‘ngp #hymags el BRdEUTRE 2 antE iRbgtogensitive fayer 44

deposit¥d §h leSscHBYRIda08E Rafdri48NTHE Pk haafg bR RN M IR&t source 50 is
selectecie fcof ll)g Isueitnal(l:) € t%? %xposing the photosensitive layer 44, which may be comprised of
photoresist. The operating wavelength may, in general, range from about 100 nm to about
800 nm, extending 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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| ower mai ntenance costs than excinmer |aser |ight
sources nmay be used. Additionally, certain
wohot7oseadst s sensitive to visible wavel engt hspPeuais2@3/000299

the mercury I-line are | ess expensive and nore robust

with respect to airborne contam nants than chemcally

anplified resists used in deep ultraviol et

phot ol i t hography. Qther types of |ight sources and

operati ng wavel engt hs may be used as well. 10054] The

features 22 may be imaged by exposing the

phot osensitive layer 44 to |ight 54 of the operating

wavel ength for a predeterm ned exposure tinme and at a
examplB SEHg1 ﬁiemanﬁi‘éhfi%&@éﬁér Sagor Ught TaRr&X BOSHAE etil¥eli@fidatt BSerating

oSure flux may end upon the operating
wavelexmtgsa o gbeut, 365hem ;mo'i SR s | Altegrnatjvedy, shpger w?vﬁlewh lightesources,
[ 2, t thrffbl‘l,gilq, t h

such a§uffogr%I SIH ige%%qﬁsﬁ% 'ﬁlén%ﬁo%k%geny t vgyllé{/&félrlge e Olfleratmg
wavelengh aheayedonEthe atndmbtecmwl%tm digbosonecesitt dive higher efﬁClenCy and
lower m%;raq ggnﬂc%ﬁc;c:)tstgrt an eix 1mF1r lg‘sjeeri%hp%ur e%rl'P%x A dﬁngLgpée a??nally, certain
photordslsg;l‘stenﬁﬁvdﬂ&Nvlﬁlgleaw&&lﬁengrhscqneln as tthnewamelI&m@tahe lets expensive and

flux of 8 or a tine of 60
more oSt Wi ESTRE B v Corlaaatle &b SEaReaI AR gt used in
deep uftﬂaﬂﬁﬁetlmbtdlﬂhdg&ﬂﬂlyt NOEHeh @Ypes rTAiiheBBihseDind Bperstsd @avelengths

For exanple, the exposure tine may range from

maybeé@ﬁ%ﬁ%%’el?o m nut es dependi ng on the exposure fl ux.

[665ap] ThEe feafiids 2Hnda$ bl ﬂﬁbg&ﬂEy &fpokie thepRddiefsitide $Fer 44 to

as to produce subdiffraction- l'imted i mages as
light ek ihseaprdrating vavcmngdy fap| % Predetigmenchisgapsisnttime and at a

predetelfifHede& os%?e Wt g gﬁqﬂ?}%m@tm@é ari Bk lexfSsute flud nﬁ?ﬁeﬁ&td upon the

accur at reproduced w thout enlarg ement or urrin
operatipg wghdmth,rthc nbotemdivmfrqf thehloyigr 44n thEi P of tha feayres 22 and the

througﬂgug B}‘ %lﬂng?exg éla P O§EQ 1961:5&% 13(/e "]’%@}/ ?4% e developed and
ens tenp 4; howele I gurat
etched na;ag kcenmmltlbaddl semld%uﬁuﬁmawpf@ prdzdwssmg gfmxmgum ck CS@ Qmigodlment
the tem a|13 ll%ﬁa ooog%r)]{g)ﬁzéddk?) éor%xégb gxaw O% ﬁ élgl% ggg‘]at"é% Vé/avel%rggth ata
flux ofrmmv&a/enﬁ §&ﬂa timeb fr G tecbids. | Otlet opetatimg O/atré‘lengtbsmkﬁtbsare fluxes,
O.her configuratiQns o rce, 50_are
and xS ER B Ee FOB a6 PR SRLa s SRl 4B Geample, the
eXposusdmﬂe g Gaipe Por8énds tagitnuds:, depbidifie bR hel poané AgKS ed

osition the wafer A controller 62 may be use
55" dnt r She digdt A 45 d%‘f‘g%mdoq deeremrkssild Bﬁﬁl%gt"oﬁ’r‘tqﬁ‘ﬁe sub-

dlffract\z@f Bfited d8eR%s Wbk hBRE]. F&r dxBiph) BESALARbIRMBAR Fitures 22
14. Thewaf er st agg 58 in Figure 4A may be confi gured

with wigths [hnay smallias BdChmMayr e arfvsatelyi repradueids wahgrio enlprggment or
blumng ekts's‘ﬁ@lvn Gh HRCEHOSHimERY sh%mmﬂlﬁguIMAVﬁE fHohPlRABS ﬁgls dlsposed

adj usted so that the osensitive | ayer
dlrecﬂx mvsélm pwadensttomplai¢ &4; fms«elvzzr, orher penfrgugticns gpay hﬁswth@e For

4
examp%g?lre(r)lkggﬁfl ?odrgg'@{) Z ﬂe ISJ &d C&E BLEQ d%%rf ﬁ;s 10 and one or more

y ut system not shown)
mirrorsqpeis®s, lenses or other optlcal e]ements may be used to direct the 1i ght 54 onto the

template 14. Other configurations of the light source 50 are also possiblé.
[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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in positioning the wafer stage 58 and in naintaining
the photosensitive layer 44 in the nearfield of the
weuperisests 34. The controller 62 may conprise RCT/US2007/000299
conput er, computer network, one or nore
m croprocessors, or any electronics or apparatus
suitable for controlling the wafer stage 58.
Servonotors, stepper notors, or piezoelectric-driven
devi ces may be used to nove and position the wafer
stage 58. In sone enbodi nents, the tenplate 14 may be
smal l er than the wafer 48, as shown in Figure 4A,
while in others the tenplate 14 nmay be of equal or

wafer sﬂig%aigi‘fn Figifte 42C Geydbd Bbnfiguedtd sl tramd4ts iR fbot Borizontal directions
o &got ol i t hographic system 10 may be configured fo
andg/or

or
yertjepdl diresiiomt Fergexammde he gvafercyipgn ) mayrbepgdiasted so that the
photose’ﬁglrtﬂ'@ g% Bftlst)n {hg%ﬂlco-ﬁlaﬁcﬁy %?Ar%slstlﬁ I’{H& A& ﬂe‘}d %@Yh@ @uperlens

upport’ed with respect he sem conduct or
templatw 4a Thg yspmtmlle(rﬁ@tmmpallyrh@hmemﬁeéb@kwﬁimr(notmhwné to assist
. . r
in posxtgsdexfél? t}}% wéf‘ér : e§ ggg ;l,r?g'{a.ﬁ'n ;l;{]]%otpg gh&tgg%ngtw@% ; 42 2dn the near-
field oft tbecsupd:ﬂemb 3t4h eThmvmtmhlter ah dmnommpm mgoreputeh e:omputer network,
one or (%erlenSte {»ﬁ’t { t}‘e t ling th
© Or UG BEMRT %rs’f ?&@av & af?rﬂgs P& r?BP%{? & ssb‘%%%‘ﬁ &P Boé g the
wafer stagafs8g wreﬁ@mmoﬁpufpﬂeh B Sl ;ﬁa&ﬁt&mﬂ-dx}i‘&nldbvwek hay be used to
r ect to the wa e 58. The te at e support
move s SBTipn INEAlFESHRE S 0B CEoHBTIE U BRVGS GGy Rpgmaller
than thd W%k 484ashotvidEn &oml WeHi R in \beHeRs t1d8erhBlatel 4 By BEBF equal or
field of t he supe ens tenplate 14. Figure 4A shows an

greater i di AEFRIABEIY, hHembaimentst ¢lo das miptol ’é‘%@t‘%‘i@mﬁ@r dppmay be

conﬁgu?él?fo% ﬁﬂﬁWa?é?%nhﬁH@ fgnﬂgﬂsdaﬁnﬂﬁsbﬂ d)tﬁéieﬂraﬁgé}i&@n& he
senm conduct or waf er in other enbodi nents, the

100531 | veThosuperians dsmplpies &4 covyohensuppresd hwith respect to the
. i e i t .
Semlco'gde‘jr%ft%o n%{:?é;?p vvae%ﬁgpalt gmt Sﬂog@e sgg%?agﬁ fot %é& var e rbe fixed or it

may besinayabl&8 Twdadireos e oal@cssvparah:etesmﬂﬁw lcentsoltes i(pdtathewhd may be

used to[e )g(gﬁtg(%lege[]%rgv%ﬁggtg%ﬁ ﬁgélg&%ﬁg §t éles&ﬁg@%@ Pén"?%latF 4. mn some

ogr aphrc syste
embodiummtsi,'gler\eafedétﬁgeei&nmy Pe dimed amd/ thenehpliee salqbﬂoxt ingaydle configured to
r an ar.l an

move tOTRANER Sinphie 1 Ui (S ARIETRRL 8. ThS mplsn appmort may
for exaftiple lb:e;;td(:j T?s]rcmlé ?ggltaﬂ-hﬁoprm?wﬁﬁr? lagﬁfqmmﬂirefsgﬁﬁtgﬂﬁ&&wﬁ@afer 48 is
in the §apt, 154 DS Giipirlent AqpBBIbr- Hidubo il SPa e gmbpdpiags of the

photoht%&gfit thhﬁysiﬂithIQi WheRH AR kepeeat &&hﬂ;ﬁtmy i8Epositioned above the
conf |gured to_use a wi de variety

semicordiGir MRfFE tor R rEIE crboginenth éb%gfgﬁs‘iet Ragiongpé thesg gomponents

may bel B8fSHRE IFRNShBID| it SheldnbBimbAt e’ RRASShARARG:r wafer 48 may be
configured differently than illustrated in Figure 4A

secured/tgdboyvafer sgge S apddispestd abey e sapsiens Fenmigarlé. 4A, the
Y o R TG RREIRE 50 S4B, BeiRA M
system 10 may be configured differently and may include additional components. The order
and arrangement of the components may be different and some of the components may be
removed. The individual components themselves may be different. For example, a wide
array of light sources 50, wafer stages 58, and controllers 62 may be used. The

photolithographic system 10 may be configured to use a wide variety of semiconductor
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coating may conprise a liquid or solid coating in sone
enbodi nents. However, the coating need not be organic.
woher7vses18f a coating, such as an organi ¢ coat PAGUSa8®7/000299

an internediary |ayer 40 obviates the need for an

adhesi on-rel ease layer in the photolithographic system

10, because the photosensitive |ayer 44 never nakes

contact with the superlens tenplate 14. 10060J In

vari ous enbodi nents, the internediary |ayer 40

medi ates the positioning of the photosensitive |ayer

44 with respect to the superlens tenplate 14. For

exanple, as is well known in the art, current |eveling
wafers 8 GRAQIHIG BV RiytiSesh. t Th rsﬂgéﬂj@)s&e&pﬁ% antthal by arranged and

constant vertical separation between the superlens 34
configuggdfliffpeniy BrapdBysdiatgdia HigyeerdAe4. The int er medi ary

k 9 #%nTHe aaga/dﬁ%n@ﬂhghstrearxﬁem%me BARGRIBREmRdidr) Qayer 40

enpl ate 14 wth respect to ot osensitive
may comgiriseiaal orgdnigscopting \dap@teétcmgéleasmm@nsmee tavep M4t eThe erganic

brou ht 1298t hek ; [ 0L ] 0 S .
coating maa' i u%ﬁl Jgu?clﬁ ﬁxé Halﬁd dégr%tg)%gg?r?g{)/@% t%mégérfr%eél%sésﬁ%%@n Be coating
need nq:tf'ba:t @ganm tTiheeuseafer caings suzhoasgdit onigabio aveting, fasendintermediary
layer 4(? ﬁg‘)’(‘:'ﬂf?f tér}/%%e?ﬁdt g S%gg%sgo%feh%ge &@%}(ﬂ?ﬁt ce:r | bg) %tgc%rr%)lg{lld system 10,
becausecthi Iphbtﬁgenbﬁiv\&ﬂ@ﬁ:r et pedldes BoSntadt vattdthieRBperlens template 14.

Ehotosen5|t|ve | ayer 44 so a%Fto i nerease. the

960E | enlBy VAHEUS hTBRRABERISof the h BIRSGETY t KOGF atthi mediates  the
posmorﬁﬁgtoem]elghotbgé)ﬁﬁﬂvewyeruu GhihezspeRf td AR hipeRERPhdiMe 14. For

| ayer 40 should be sufficiently thin so that the
examplp st i§ Sk kiawie in dgert, unprt lgyelpierceimeologyapay pepgedto provide a

substanﬁgﬁy %Hﬁ’s@a{dt %?tlc%‘fj’ sepdatiiTBetS/EBY %é@tﬁ’ﬁeﬂené e Jnla' &K r}ﬁl%?bsensmve

he I nternmedi ary coating 40 nay be in the rangﬁ
layer 445 Tilm interpedianmays papioredea totdq@cp lf@cﬂ%msenépf demplate 14

with rek&tc? 'ic}‘%&jé ?’:;3&?%162¥%8F 41??%% Agpasc‘ ﬂlr EGhRI és&a e 8 %rgdrﬂa%r f%QJp?ate are

e spacer [ayer
broughistwgeuhbe n§h8 ihtexﬁmdia*x dayst 60 may dse pmvbdnjbusbﬁm,ing fvel may prevent -

i nt d coalin 0
cammage Jf erTRELSSiCAT POl YR T 150 IRy gp g opertens
34, As rdee¢ritedi laarying olad nmgnﬂéahmyaj&e 4 rrtalyepnfoamyegcﬁddonpt‘jcam raoupling
e thicker.or th

Th t
betweeh e PET T FERPEL TR 258 nap (& Fres g hg fEeichcy and
- throughp@adf thg phérolithogaphicysykterpmabl e from t he phot or esi st

by B eGP ik 1 L) i o SERER 0 o

that th& RBiosedsithRl KeBt 3405 ﬁ/itﬁﬁnet}iégﬁéﬁriﬁelmfkhe tsep Emn@u_ﬁs In some
for renovi.ng the coating may al so be enployed [ 0062

embodipentsy e @%@eﬁ%@ﬁ% m'ierf@eqhﬁ%?%%g 4Pymey e i ghe range o 5 m -

1000 nfQ ”Rﬁﬂeﬁﬁ%véyplﬂértﬂidkhé{ssoéf ﬂhé}iﬁ{eﬁnedﬁgl‘?ysl%yéraw&ﬁy%ysei@%% to be
simlar properties as described above Wth reSpect to

comparpble it yatuerig tag ofitespracer RygrutGoue spperians grtp| Eor expmple, in one
embodih‘rpe\‘nert%e nﬂ)’enlﬁ@éﬁ 'cg&tkn%r 4b %5?%%' Afout Qﬁi} fif55in 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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to reduce reflections. In sonme enbodi nents, the
different |ayers may have different properties. For
weoexeTpkesi3one of the |ayers may provide easy reCEaS2007/000299
fromthe photosensitive material. O her configurations
are al so possible. [0063] Figure 4B illustrates an
enbodi nent of the photolithography system 10 wherein a
liquid flow mechani sm nay be used to provide the
internedi ary | ayer 40. Many of the conponents in
illustrated in Figure 4B are generally simlar in form
or function to those illustrated in Figure 4A and w ||
not be further discussed except in regard to their
with chéhida8 kGIRERS or HAEHAdentsh biber RbOdhEEmk rérhbwis iRl @Atihd may also
Figure 4B, the internediary layer 40 is formed by
bemnpkﬂ?%ctlng a liquid 80 froman injection nozzle 70 such
gdtﬁ&} t heyyl dottl EmBOifleReS tRehYEFRAAL cSHRE! dobRises a plurality of
ate 14 and the photoreS|st codt ed sem conduct or
layers. \/\Eh@ﬁ lagers Thay hamislanl@o preperiggspisedessyibeth abeiteawdh rigsneck to the

coatmgl Shgg'%ébrﬂ'%lmhoug Ieex ﬁH@){P %‘%L@,{j dﬁd}rz sngSf'}EﬁctN%e}ndwes

to reduck| reslectaingd iIm dénwmmbé&m@mmenheedi’ff@cﬁnnemms mi@y Ungec different

propertge?.ﬁ g?){' grm ; n OZ ’ lstetg? ggfsﬁ}q%gxl nﬁ%ﬁ Ceitaé)(? xr';ejr aa%gﬁo%tb € pholosensmve
material.eQthee edlftguramm are 4@y gosdibdd. ns (not shown) t o r em)ve

e _liquid 80 m t he s st n110 The, co 2
1053k ort g e AB BT RCORIE arePrapiihestghy sysiem 10
whereusalhqﬁlarﬂdvahieyhddwn %ﬂ%eﬂﬁﬁ@ﬁfpr@&cﬂ&ﬁ@fnlt&ﬁﬁdia[’yl &U0e Many of
Cptlonall¥, the controller 62 may_ control e rate

the conmonmtﬁ anilfystrated 4y Figwre 4Bsaregeaelly sipifas 1 formt ern%%faon to those
illustrafell OF FBreysAemd QNﬁlhﬁ@lu %Q ER@er Qﬁ&lu%%dm)xcégfj il 4e :ﬁ‘d to their

. separate nozzle control (not shown) may be used
¢ﬂkﬂﬂ§eﬁe enbodlnents [0065] The liquid 80 may be stored

S]%rt}’lg eg‘nbﬂ)ﬂﬂ'}l% t}ﬁm}ateﬁr inOFighPe '4%], ﬁget in?egmlegitra}é' faggr 40 is
yst roug e I njection fozz . I'n'so
fonnedelwbmghcmegtashqlsd r§0afremt &n gijotioofnazhle TQ thdthaothﬁdj,quid 80 flows

rOV|de t he I ch nlsn1t h
betwee{l) e sua)elger}setg gy %e ?? ﬁ% I egP orggltsp go Ee%[ egu%oun:;(]iél? H\gaf%' 48. The
liquid %lhtﬂs tdmov&bdtyoaﬁe fstake wezilay®r Zie iktakamobzsie M may ase isoction to

removel§€ figtit 0 it QuP o-ehie Piogi 3 B INHLoin FHEuse 4B, other
embodigfeasd nflnuss ohbeod infiiaé Chalek efopViedh biyjectién | dildaltake. In other
nozzle 74 is rec ulatﬁd W I hi

the system 1Q,
embodigeafss the Wﬁk&rr?é? Bl aC?CﬂBY CBFOY eaorﬁdéﬂv'ﬁ (3gh shgwn) to

removedt!h§¢ aiegh fdrﬁfﬂh‘é"k@st%ﬁﬁst(ﬁ MRS cokdPR1ep 62 TRAyEcHHEP el g&ltlomng of
shown) may be used to inject the liquid 80 into t

the watgy, SPEerPA 6 SHhStBARY SeosmenBRIsT a8 esteiond i Flssre g ngptionally,
the con%%ﬂglr gt ﬂ?ccﬁ%@ih@@at@ﬁt WRidhOmk rleLucI RE it %chtgé nItJ) %Wd 3Emoved

the liq 80 between the superlens tenplate 14
from thpﬁgstg@moct@mbttb@ 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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wafer 48. [0066] The liquid 80 may be used to nediate
the transfer of light fromthe superlens 34 to the
wohot7osensi ti ve | ayer 44. Accordingly, the |igectd/u807/000299
may have a refractive index that is simlar to the
refractive index of the material selected for the
phot osensitive |ayer 44, e.g., photoresist to reduce
reflection. Additionally, the liquid 80 may be
chemcally conpatible with the photosensitive |ayer
44, be of substantially uniformdensity, and be
noncontam nating. The liquid 80 may be substantially
transm ssive to light of the wavel engths transmtted

In som@)fmb&ﬁm%&l%e meel'ﬂ:ﬁuéa‘éosx@m@%ci 9y BleOiht At n%%lfe'ﬁl 8%bcirculated within
optical throughput of the photolithographic system 10.

the system B, ewlmcasgp ey panbodiments,i tbﬁsemp‘ﬁ@ liquidi88 ig@iscarded from the
%

system gg Z(?{néggg 956% %ngl%\! éfld)tj %Ot o l!tx? 95%%0%?&‘[ Ellﬂ:ehqulﬁ a8t0 into the

system ﬂﬂerle same embodmnergsaplse ccﬁrﬂﬂﬁlﬁ] 62’ eyl qmp:mtjtl&(pumms so as to control

the rate ?ﬁrﬁrl 3 the @X%ggestg er\lN?tteeesrUpeﬁ {GFP ] [eirlb qké semlconductor

wa&r48he Iqu|d 80 may conpri se supercrltlcal carbon ‘

B PR P B 6 215 B

superleid SPES thi PhotoSethtivdTaydr 4. EXREFiEly,thé qzq&ﬂdt&o mdﬁﬂ@det Vrefractive
transparency, refractive index, surface tensio

index thaels ﬁanllerowd@etrﬁfrawe ipflet RE Hiraatseith PUEYPhen &hﬁ phgfagensitive

layer 445 lé' 3.l RoredifA6 8dauRe rdfldtibn f h@ﬁﬁtﬁ)\ﬁﬁﬂ? Mhd ﬁq\",ﬁa 80 may be chemically
[Ustrated in Figure 4B ma e susce le to the

compatfh’aq: withithe Pgtossmbibive davien 4%@ <Pf Sqlaﬁtams@P Y WHiOER] d&mngy iapd be non-
contamﬁi%\’lh% o Gnlgmc‘gfd) g%eoﬁr%stgﬁﬁa{ll MlsBls ﬂ‘oal?%fi -of %Qg@élengths

obstructi aberratio
transmletn@rim rtlees sdpmlen@ 34 ghtasabs cnrmld@ rsufficéitecpticoh, thl@lughput of the

photohtshC g}ag i &y OPAgﬁ g éslll &nou% rgﬁ%heg? ltﬁ E u eﬁ)ugcﬁlahggcously

enc et on i f phot o 'thogt a
may ﬁlls‘gl‘&tr%mﬂ DetwEpth rtlmsaipleglenss?:ﬁml(htﬁlb @ﬁotmcﬂsﬁm@ﬂyyant%lsn ztbatahere are
enperature control system (not shown) and/or a
noa“%QWtratlon system (not shown) to control the

POOHIPT t | Blse 0Guid 80 nhdyointhri36, fopeafingle, w:{fe;r an@in garcular, purified

and de-tgg%esgégﬁ% ?reg%\ g : h%élhggﬁsgxegl{]q&ﬁ g Lol I t no rsea J]plegcntlcal carbon
dioxidd & dh%hﬁ@tk?l@nti@ &mn&,u&ﬁ thiy S196TBB Riked. kmmqma g0hBayAbd selected
as a "shower"™ configuration for inmmersion

such thah s PPPPIHET RN 255 Y&t BFAIIPlEX KisFOoSéprh S8R fiengrrqngy refractive

index, RO chb303th &Rt %omheﬁ} 1% ﬂ'ﬁ%aﬂ&drﬁb&%lﬁhﬁﬁ mhitme
configurations, such as, for example, a "bathtub"

Q68 né Lyt ﬂorycﬂorﬁtiegm%@s dhisiratedin Eievae I“BdTlaBSb‘ﬁé“SéPptlble to
v oSSy, LRS00 g LG Sl movi
surfacegy Bubbhed Mayt henlt it enage dibairyctiony,cabendtionsy asd apemalesglue to light
absorptcf natréfﬂ%%tlgg &hs%attermg Accordmgly, it is desirable to reduce the incidence of
bubble formation in the photolithographic system 10. Optionally, some embodiments may
utilize a temperature control 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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phot osensitive material 44 and a liquid flow
mechani sm 10070] The systens and net hods descri bed

waenwiosisaslvant ageousl y enabl e the patterni ng oPCT/US2007/000299
sem conductor wafers 48. A photosensitive |ayer 44
conpri sing photoresi st can be exposed, and i mages of
the pattern 23 may be printed on the sem conduct or
waf er 48. The photolithographic system 10 may be used
to pattern netal, sem conductor, and insulating | ayers
and to control doping or alloying of portions of such
| ayers as is well known in the art. The systens and
net hods can be used in a wi de range of other

iﬁmb § ONUHEd Rhuid BVWCEmbRR A ILOFataP R Fizaté ABSs 8SmWRhly known
hough the system and nmethods described herein have

in the paeas @i %cusg cFonfighratiey £pr smmsremn PhPioliogr e eutterys. Other
emboch%b%g&ﬁhﬁg?éwtggthgg}ggﬁ&@% fO H@g%ﬁh%@ altérﬂﬁl@y&kﬁgﬁraﬂags such

I n"other applications,
as, for @ﬁ@almib,eq “bashtoht be f‘ﬂvmtmn.ﬂg popp egorxﬁgumwpllesvluch all or some of the

ducts. O her catyons_a 0
system plq Is Htuﬁlﬁrfﬁl kW ds\/ér\%rfer eéloxuns ﬁpep ilﬂm@hé(? e?gl {J ?tapn %ﬁl‘bglil%xen?ss of the
photohﬂhgfaﬂhfcf ﬁ)&cetml dl@- Ithmlﬁteﬂnq‘ahm’yolawmég rragyn icomipniag) iancpatinyg on the

rovi de resent systens and net hods.
phoms%\f\ﬁ' Satenai 4 é?iﬁl@‘ fﬁ%”ﬁb?ﬁ%%’“nay be applicable to
lj@ov0] es o e lsmerﬁﬁtilﬂ I fkthgdasleydibed Hdi€in advantageously enable the

phot ol i t hographi c_ syste be used with
pattern G196 S BBG 55O 4 PRORSRSI VRN 04 FORGEOF Phlgresist can
be expc§s¥§ L RAEmARES JTRh Pattertl 23 GidyRrinedEdiithe Serth@hAuctor wafer 48. The
nmplicity of use in the comrercial fabrication of

photoligieaiapbirorietst |Aevat e uspey by Ppiterargiah SSPERIIdHEAT cangy insulating
layers dndGo 'ceﬂt%ltd(ﬁﬂlgg@' HR1oDREIdE ‘ﬂ)%ﬁﬁfns %?@u@}bﬁy@rs aﬂst\bﬁl‘g:tb&rhhﬁthc art.

i nventi on has been described with references to these
The systomsi #ridc meinddi arenbs usechén de¥ids pangsnal ather ispmicqadirteno device

fabnca@@n B}éﬂﬂ#ﬁh&&t Ly g/eﬁf Aﬁﬁodg‘ﬂvlg :y&@mazrﬁgi et gﬁ@tdefd?fbga _qfépein have

Vari ous no catl ons an | catl ons
been dxnwyssm:wuh r@gmdmmsrdnosthgdphwallylwt@nunwttemmnconductor wafer 48,

the sys%?lps grid Hx%thfor(lg?éa}){] E’\E t!h%“a %gté Db Qytar%@é o|;§1ttem other

Inventi on as elrai i
types oChahhNED D1 iBoddcts. Aomaotypbs bfmihaqamns asg/dseibid, @s wellposi ng

oL S5 aB A S B Bg MER Rbotnograi
imaginpa:8| B gidviddd, byo‘&ierrsseﬁt e;mmrwd ﬂieﬂg)ds.a Hdweval, ithy spftems and
eat ures that are opague to sa : diel ectri .
methodseay 106, anRieHIE dg PR nig: Sakrsl e el o e Skl fhosraphic
systemf BRIag €8so Baiuded imthesther Cypaato@rplaamd@@d Ris&d) b gnadviadtaly of the

transm ssi ve t, id 1 . up erlens dj sposed .
systems gadyaedogs dgs&rlgef& ﬁ@ﬁ@eﬁ AT ‘ﬂﬁ‘tp Ht)éP H§Fn Ffé%?%vlar%l fabrication
of semiz@hdlictor 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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phot osensitive material; and an internediary |ayer
bet ween sai d superlens and sai d photosensitive
wort@rosed13 the internediary |ayer conprising nmrCemsa07/000299

substantially transm ssive to said |light, said
material being different than said photosensitive
material. 2. The photolithographic systemof Caiml,
wherei n said photosensitive nmaterial conprises
photoresi st. 3. The photolithographic systemof C aim
1 or daim2, wherein said |ight conprises visible or
ultraviolet light. 4. The photolithographic system of
any of Clains 1-3, wherein said plurality of features

SPHRAT ISESLABBD.1S6. The phot ol i t hogr aphi ¢ systen1of
Caim4, wherein said nmetal conprises chromum 6. The

bhot oA Phefghtherraphicysysilem & SxRgsipg acphqtesenytixe HwFFé’@émvmg a
first inliB€ cffeﬁ:tﬁléﬁﬁén haverRpdshtd haht ihaviapgah | Rivdd@mh, thesaid system
wavel ength, |, and adjacent features are spaced apart

comprifigg:a di stance smaller than the wavel ength, |. 7. The
phot ol, ereln the wdth
Bnd spiiytasha it Bk palg Aoty
phot okidi¢legria p’mtemat ylspewd d’brve@mg} ob éalmpmrmy bf ppaquedeaires, said

?aell Cé:tl‘?c B %naf %em% nl{bS Hal &1 raxfc’srr}cl?o]strl\;ree tg sgl.?ihl h% ubstrate

rans
phot ola| supedemaphisposed/ Sdr@mcbéf ﬁldikimléhtrld\hﬂtt&?iam asdirg@rward of said
Eburallt of feaqtures are forward of said

BOPFSY efﬁﬁe e@hot ol i t hogr aphi ¢ system of any of

d ai man 1nt@methiay ehyer satw@esl Al eGpdricas AR e4id @hom@dmniv&eﬁatenal
ngethyl net hacrylate. 11. The photollthogra

1agh Ay comRrFmE matgrial,prbistanHalby &n%m'éf»lé%f? jsgid light,
IRESNdi@kal meﬁlfanffsyeﬁtktﬁ% Saidl BAStosNBM VR RRHEra1 00

nanonet ers photol i thographic systemof any of
& ai nd'he.- phatoliyeeraphis switem sabdrlpms].c BHHSFIB espidrethigiosensitive

matenalgomgﬁges?ﬂekgéégthogr aphic systemof Caim 12, wherein
sai d ggrlses silver, gold or platlnun1 14. The

Bhot ofThehpiptel Dgraglygtsgﬁbpmf 0ér€ylaum 1CPriGiging 21 Jvherein said light
compngggq)isfﬁvl@ or %itgav%lgtl lfg%tt.r ic

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, 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
features is formed 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.
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material has a first conplex permttivity and said

superl ens conprises a material having a second conpl ex
weoeonarosidisity that is different fromsaid firsPCT/US2007/000299

permttivity such that surface plasnons can be

produced by said light: 15. The photolithographic

systemof any of Clainms 1-13, wherein said dielectric

material has a first conplex permttivity and said

superl ens conprises a material having a second conpl ex

permttivity, the real part of said first conplex

permttivity and the real part of said a second

conplex permttivity having opposite signs. 16. The

PHOt OlrhE RASfRHYEaphyS byRend fof Ghiti N A12im3VI Sy, elierdih &aldediklectric

art of said first conplex permttivity is positive.

mate“aﬁqomm‘f@s pelyrstho sgtasphite: system of Claim 15 or O aim
16, whgt h&oilth% ?z{}’rﬁm WskenY 8F Yy 8F c3ahd 1-¢6 WQ&&B @fd dielectric
said flrst permtiivity is substantlally equal to the
materiabhasol fd}tCém%Géllcﬁé thyfn abeut ¥@hmaq9mer@f sai d second
rm e hgp [ f
2?. AR lraréhﬁ%lnﬂo hResRORL 85 ldé)ﬁ DsC- Y SRR saﬂi%pcrlens

ereln sal erl ens has a surfa
cmnpﬁ@kmswﬂt to said plurallty of opaque features that is

h f f. d pl l.
g a: u&g %ri)bohlﬂ%%apqh Sg%telinﬁ%g Qaﬁ):%lt )ézs tex%?rgl“sl 1ddneta] comprises

silver,g’bﬂ?dowilaﬁﬁlm said surface i s separat ed fromsaid

T o ORIt et o5 by Pl stance ol Lesey s

matenas yad e mired ccﬂanabmpéﬂthtgr @msasalsdp@uhé @6@iphiSesSE patdiat having a

d pl t f t
second GPITPLSH RN thth o1 SEIoRE oML en drapermigviy Sudl e surfuce

plasmoR\@ine Srb@icamhistidappt.em of any of Cainms 1-20,
wherei n said photosensitive material has a surface

¢F.0s edihe photplithpgsanhis sxsissn oh apy o Glaimshe 1 hewherpinggaifl dielectric
materiaP %9 asfﬂgte&%lz\ﬁﬂéx p%gmtt}_\h?y E’rﬂpgzgh ishhognarbi n§é’§'$ a1 having a

erein sald hot osensitive material i1Is
second s;elpalemmnftmm shg npabg@é of eid (it camaplest perewttiyity aad he real part

of said Pl i BT h i o B sensi t1ve

rkﬁt er iThak phetoéiﬁpmzmhédsjstmpﬁ Slladmslpevhaeis thy real part of said first
com kx sta nee of 081§ethan about 50 nanoneters. 24. The
P I?olf"é ‘fH’oglpap I'C system of any of Clains 1-23,
\Mﬂer eilihe @hbd)hlthﬁg&rphﬁdd;)ateyn bﬁWlmhﬁsoxsﬂfa‘imclléem\therem the absolute

value ot&g:iﬁak SS t ng rcsf gwtn{q t?{gg gﬁﬁga[n tgh%/e ttg %J#azlbsoluge value of
the real%ﬁt@shﬁh@@drﬁiﬁfmﬁltﬁy@ em of O aim 24, wherein said

I Qt er rﬁm p% Yohth(}/graphlc 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 opaque 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 is less than about 50 nanometers.
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non- per manent such that the superlens can be separated
fromthe photosensitive material w thout damagi ng the
wohoi7osenisi ti ve material. 26. The photol it hogr 2onius2007/000299
systemof Claim24 or Claim?25, wherein said
intermedi ary |ayer has a thickness |ess than about 100
nanoneters. 27. The photolithographic systemof C aim
24 or Claim25, wherein said internediary |ayer has a
t hi ckness | ess than about 50 nanoneters. 28. The
phot ol i t hographi ¢ system of any of C ains 24-27,
wherein said internediary | ayer conprises organic
material. 29. The photolithographic system of any of

&} ai mypd- gﬁ@mm@gﬁbﬂwsayﬁemnto@r aRdi 8 YClag¥e! 1-00NPWh&ER  said
a material having a second index of refractian that is

photoseggibiye paterigl hps a gurincerchosesl tg spidrsyipeslensdhatgs in grerngar fighd of said
sai d photosensitive material. 30. The
superle
phot ol i t hogr aphi ¢ system of any of Cains 1-29,
ARer eiThe apimdelithfgraplic i systpen of Shaim Blumvdieraiy swfd photosensitive

matenaglfast I'Eﬁ{gt%d Ifrso fﬁ? E‘S(:Pg gleh b}$ ngt 2&% f')l%g%t‘?illaﬁ 'al}(&él%b %E.x'l(%lxeiters

photo raphrc sys
23. whéahei phcﬁ@lﬂtﬂo@‘upiﬁc I sys&m: @fpClaes 22, fwtresetm ssajpk I]ihemsensm ve

d
RS TR BHRRRF wl B LS, BRGS0
pgar wahe @flot‘éﬁtlﬂ)gfﬂpﬁicos;@ﬁtsmt iofe anpt ef | @laim821-2Fhewherein  said

intermegy By 16 Bfar SRVisap I e Einp P RGeSt Gl from damage

from cdii&lc@%tﬁ'th@ edegecond dielectric material, wherein
sai d seconddielectric material is disp osed f orwar d _of

dai d flhe phoolithasraphic syste ob a4 iR s Seignediary layer is

non- peM%ﬁJ S thas the et b&rPBQ rsepi}at@d Sycih & HrR6toS&RANEeNGaterial
phot osensitive naterial to a |light beam sald system

Wlthou'dtmmgllrg thg photesensitivem#eddki ng portions of said |ight
ﬁ am tﬁ’lef gﬂﬁ&hﬁthg%bﬁf:nsﬁienjl o(%hblax A4S of- Of1a ?‘ﬁnff alhBRin said

asnons attern t; means
intennedwp layeghasai thighaess é¢Sﬂ tigefn dbioght 00 mmon@m'rfd pl asnon

neratin s i d | a b o
950 BT AT I Cli, 25 i i
intermdmﬂﬁyéﬂhasmthiokﬂéssﬂ@sshaamhbphosmsaammdterve material from

SR e T TeACRELEhL R TP 23008 whern s

intermeQtP | B58r Eothprides 8adadicihasnzins i nt o sai d prot ecting

2 ?ZITﬁ%gﬂlgtogﬁg)h%p B:I :.Fg(a 4 apoty %nsygi" egla%ﬁls d %ISEn vsvﬁ’erein said
intermediary layer comprises a material baving 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 features is 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 Claim 31, wherein said dielectric material

comprises a first dielectric material and a second dielectric material, wherein said second
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conprises a plurality of features that are opaque to
said portions of said |ight beam 35. The
wohoei7ogigihogr aphi ¢ system of C ai m 33 or C ai nP8%/US2007/000299
wherei n said plasnon generating nmeans conprises a
superlens. 36. The photolithographic system of any of
Cl ai ns 33-35, wherein said coupling neans conpri ses
dielectric material. 37. The photolithographic system
of any of Cains 33-36, wherein said protecting nmeans
conprises a |layer of material that is substantially
optically transm ssive to said |ight coupled out of
said plasnons. 38. A nethod of exposing a
dielectrRNRLRSBNS bisySselBbRVAraloft Qidafitst GhperRBIMhd $8ulaFEbNO4ld second
conprising: Dblocking portions of said |light beamto
superleRor m a pattern of |ight; propagating said pattern of
¢ ght ; Fat L ng -nl n | - S Al fs a1
SO0 P R A SR bt SRRkl i
beam, sgigpystgmt ¢omprisingdt i cal |y transni ssive to said |ight
coupl ' . : rotecti e RPSYSRIPN
oot odisadt i BlockRle bR AR AR LB AR B Lt gt
nmedi umeaB9for EhwcratitgyesnodnsGlith said@ Battashef Bglnt; sai d

ti id.light b . ack | [t
o ot ol St A5 0, Bl LA
bdig bbulghdds bEing sobdthathllofrabbraissive 8o efid Ghlsd bead? and

et BB Bt B ol i s
PREAOH enethtihg nhBs/TRAIAOftofktidg) Ym&ns BemigBisg8sedOsuch that light
wherei n said plasnons are generated with a superl ens.
ﬂ%‘%l’_lelsrﬂ}“ﬁ’éﬁ‘ﬂ_ﬁ@laémoéﬁylt‘bﬁm@%ﬂt?%mgsmﬂ??‘ wherein said
BRI UMne OSRdIftRSerapHti8 Yes5te of RIS &3, tWiRkeih Ssaid blocking means
.substanplaluy optically transm ssive to said |I%ht
compriges gplerelityaf fertuica it preopaewsto sasl porrensefisaidisht beany. of
al . J . .
O TovARAR Dl R SR PO B9 i pomon
generatmggueatis sgmposesa sippdetser n of |i ght, wherein said

BR85S BT St REOE A8t Lipp i

means goumpiscs divtpctritemeledpl. ng sai d phot osensitive material ;

37. The photolithographic system of any of Claims 33-36, wherein said protecting
means comprises a layer of material that is substantially optically transmissive to said light
coupled out of said plasmons.

38. A method of exposing a photosensitive material to a light beam, said method
comprising:

blocking portions of said light beam to form a pattern of light;

propagating said pattern of light;

generating plasmons with said pattern of light;

coupling light out of said plasmons into a medium substantially optically
transmissive to said light coupled out of said plasmons; and

protecting said photosensitive material from contact using said medium.

39. The method of Claim 38, wherein said portions of said light beam are blocked
by a plurality of features that are opaque to said portions of said light beam.
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etching said substance; and renoving said

phot osensitive material. 45. The nmethod of any of
wGChei781838- 44, wherein a near-field i mage of sSaCc®@US2007/000299

pattern of light is produced on said photosensitive

mat eri al .

40. The method of Claim 38 or Claim 39, wherein said propagating said .light
pattern comprises propagating said light pattern through a dielectric material.

41]. The method of any of Claims 38-40, wherein said plasmons are generated with
a superlens.

42. The method of any of Claims 38-41, wherein said medium comprises a layer
of material that is substantially optically transmissive to said light coupled out of said
plasmons.

43. The method of any of Claims 38-42, further comprising depositing over a
semiconductor wafer a substance to be patterned according to said pattern of light, wherein
said photosensitive material is deposited on said substance to be patterned.

44. The method of Claim 43, further comprising:

developing said photosensitive material;
etching said substance; and
removing said photosensitive material.
45, The method of any of Claims 38-44, wherein a near-field image of said pattern

of light is produced on said photosensitive material.
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