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We hawe exposé 190 nm lines in photoresis by focusirg a lase bean (A=442 nm) in a solid
immersia lens (SIL) that is mountel on aflexible cantileve and scannd by a modified commercial
atomc force microscopeThe scan rate was 1 cm/s which is severaordeis of magnituak faste than
typicd repors of near-fied lithograpty using tapera opticd fibers The enhancd speel is aresult
of the high opticd efficieng/ (abou 10 1) of the SIL. Once expose with the SIL, the photoresist
was developéd and the patten was transferré to the silicon substrag by plasma etching © 1999
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The aggressie pursut of eve decreasig features sizes
on silicon integratel circuits has bee a hallmak of the mi-
croelectronis industry It is widely acceptd tha features
sizes below 0.10 um are not feasible with optical projection
lithography! the dominarn technigee in manufacturig to-
day. In the past continuows improvemers in resolution have
bee achievel by decreasig the illumination wavelength.
However this will be difficult to continue due to the lack of
suitabk materiaé for making lenses below A\~193 nm. Nev-
erthelesseconom¢ ard deviee performance-relatkincen-
tives exig for continuirg to decreas featue sizes belowv 0.10
pm and anumbe of potentid successotechniqus are being
researchedthes include x-ray lithography extrene ultra-
violet (EUV) lithography electr;m bean lithography and
scannirg probe lithography.

Scanniig proke lithograply is promisirg becaus of its
excellert resolutiorf (e.g, 20 nm) and becaus it does not
require masks However like an electran bean system the
use of a single scannig probe for lithograpty is nat eco-
nomically viable for integratel circuit manufacturig be-
caue eadt pixel is exposé in a sequentihfashion making
the lithograply proces unprofitaby slow. Howeve the
progres tha has been made recenty in manufacturig high
resonanfrequengy probesin paralld arrays™ has resulte in
substantib improvemersg in throughput Deng arrays of
scanniiy probes could med the requiremert for resolution,
throughput and overlay.

We repot near-fietl lithograpty using a solid immersion
lens (SIL) mountal on a cantileve and scannd while in
contad with the resist-coatéd sample Fag scanniig speeds
are possibé becaus the transmissia efficieng of the SIL is
abou 10 1. Dens paralld arrays of thes devices will be
realizabe if a methal to miniaturize them is found.

Near-fietl lithograply uses anear-fietl scannig optical
microscog (NSOM)® to deliver light to a photosensitive
sample In the past taperel opticd fiberé* and
micropipette$’ hawe bea usel for near-fietl lithography,
but they are not practicad for use in integratel circuit manu-
facturing due to slow scanniiy spees (e.g, 80 um/s).2 Ta-
peral fibers do not propagat waves in the region where the
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diamete of the fiber islessthan ~\/2n. In these regiors the
waveguiet is in cutoff and the losses are exponentia with

distance The exponentih attenuatio over the long tape of

the fiber leads to typicd transmissia efficiencies of 10”4 to

107,191 which necessitate the use of slov scanning
speedsln addition it would be difficult to integratel tapered
opticd fibers into dens paralld arrays.

The solid immersia lens operats on the sane principle
isthe liquid immersian microscopeimproving the resolution
by increasiny the refractive index of the ggp betwee the lens
ard sample!t** The SIL microscope replacs the liquid with
a high refractive index solid (ng ~2.2). Since thete is no
apertue or pinhole the classich Abbe diffraction limit d
~\/2NA determing the resolution where the numericé ap-
ertue NA=ng, sin®, ard O is the half-angk of the core of
illumination. Due to totd internd reflectian for rays incident
abo\e the critical angle the SIL can improve resolutian only
when the sampe g is less than abou 50 nm. We recently
reportel a laser-scannig solid immersiac microscopé® us-
ing a super-hemispheritaSIL polishal to produe a cone
with ashap tip (~1 um radiug. In this system, a laser beam
focuses to a diffraction limited spot ~150 nm full-width at
half-maximum (FWHM) within the tip-sampé contac¢ area.
In addition we mourt the SIL on a cantileve and use optical
lever force feedba& to contrd the tip-sampé forces and
keep the sampé within the near-fietl of the SIL illumination
(Fig. 1). Thus the laser-scannig solid immersion micro-

FIG. 1. Schemat diagran of the near-fietl scannilg solid immersia mi-
crosco with the SIL probe mountel to a cantileve in an AFM.
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FIG. 2. Schemat diagran showirg the SIL probe in position to expose
photoresist.

scope provides a height image simultaneos with optical
contrast This capabiliy would enabé accura¢ overlay to be
carried out in lithography.

The schemati in Fig. 1 shows the cantileverd SIL
probe combinal with the opticd lever sensorThis cantilever
deflectin senso accommodatea high numericé aperture
microscog objective (100X magnification 0.73 NA) by
sendiry a lase bean in from the side The metal-fol canti-
lever carrying the SIL has aberd nea the erd tha forms a
reflector A red lase diode bean focuses on the reflecta and
the returnirg bean bounce off a steerirg mirror onto a
position-sensig detector The detectio method called side-
fire atomic force microscoe (AFM), provides force feed-
bad with a deflectio sensitiviy comparale to conventional
AFM ard can operaé simultaneousl with the exposue of
photoresist.

To demonstra photolithography we hawe usel the
near-fietl illumination of the SIL to expog a50 nm layer of
photoresis (Shipley SFR 3001 spun on asilicon wafer (Fig.
2). A blue lase bean from a helium:cadmim lase at 442
nm entes the microscop objective and convergs to a spot
at the SIL tip. The photoresis was exposeé a the piezotube
scanne (nat showr) scanne the sampe in araste patten at
abou 1 cm/ks (100 um scan size, 50 Hz scan ratdf we
increag the scan rate we also increag the blue lase optical
powe to maintan the photan dose The side-fie AFM al-
lows the hemispherichSIL to conta¢ and trad the surface
at high scan rates In addition we stabilize the SIL at high
scan rates by increasirgy the stiffness of the metal-foi canti-
lever. We found no evidene of SIL tip or photoresis dam-
age The maximun speel of the SIL was limited only by the
mechanichresonane frequeng of the piezotule scanner.

After exposurewe developé the patten for 5 sin Shi-
pley MF-319 ard used an AFM operatirg in tappirg mode to
measue the linewidth. Figure 3(a) is a15 um AFM scan of
a patten exposé at abou 1 cm/s The bottam of Fig. 3(a)
shows the lines convergimy as the SIL approachs the turn-
around Ther are 64 lines/frame correspondig to a line
pitch of abou 800 nm in the cente of the frame Figure 3(b)
isasurfa@ plot of a5 umx5 um AFM scan showing evenly
spacd lines with a pitch of abou 700 nm nea the cente of
the raste pattern The typicd line width is 190 nm FWHM
ard the dept is abou 49 nm, as shown in Fig. 3(c)
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FIG. 3. (8) AFM scan of lines in photoresisexpose with the SIL at a scan
rate of ~ 1 cm/fs (15 umXx15 um scan size (b) 5 umx5 um AFM surface
plot. (c) Cross-sectin of the lines in photoresisshowirg ~190 nm FWHM
and ~50 nm depth.

To achiewe a narrav linewidth we found that it is nec-
essay to carefully optimize focus before exposue and in
some casesswe® the focus over a smal range during ex-
posure Since the SIL contacs the photoresits surface the
microscop objective determins the dept of focus and the
tolerane is D,~0.9\/NA?~0.3 um. Polarization also af-
fects linewidth, so we oriert the polarizatioh alorg the x axis
(the fagt scan axis of the raste pattern using aA/4- and A/2
waveplate.

The developé resig¢ patterrs were transferre into the
silicon substrag throuch etchirg in a LAM Researh Sys-
tems TCP94@ reactiw ion etcher Prior to etching the wa-
fers were bakel at 110°C for 30 min. The high density
plasnma generatd using HBr+0O, gasa resuls in anisotropic
etch profiles The patterrs were etchal ~0.3 um into the

silicon. The resultan patterrs (Fig. 4) were imaged using an
Rights Reserved.
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The point spreal function (PSH for the SIL operatimg in

conta¢ with the photoresis film has been theoreticaly cal-
culated and is shown as Fig. 5. This calculatio is bas& on
Richad and Wolf' s vecta optic theory® The squae of the
electrc field (E?) rathe than the powe intensiy has been
calculated|n lithograpty the resolutio is determiné by the
powe absorbé in the photoresistwhich is given by o E?
whereo is the conductivity of the photoresist. It is observed
from Fig. 5 tha the E> P is sensitive to polarization,
meanirg tha the bean spd is elliptical in shape The
FWHM is0.14 um for ¢= 7/2 polarization, but 0.17m for
¢=0 polarization.

Near-fietd photolithograpl has been carried out with a
scanniig solid immersia lens with force control A 190 nm
linewidth in photoresis was achievel at a scan rate of 1
cm/s This is consideraly faste than the speed tha have
been demonstrate with taperel opticd fibers due to the su-
FIG. 4. SEM microgragh of sampe after etching Lines hawe bee exposed Pe”d trar‘s’,mlssllq efficiengy of the SIL. Futue Worll( will
by SIL in photoresit and then transferrel into silicon by plasma etching.  iNvolve miniaturizing the SILs so thet they may be fabricated
Etch deph is approximate} 0.3 um. in deng paralld arrays.

Hitach S-8® scanniy electran microscoe (SEM) operat-
ing at 25 keV. From the insd of Fig. 4, the lines are mea-

sured to be 0.23+0.01 um (FWHM) and the space between
the lines is 0.18+0.01 um (FWHM).

!Nationd Technolog Roadma for Semiconductar (Semiconducto In-
dusty Association San Jose 1997).
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