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Enhancing the resolution of scanning near-field optical microscopy
by a metal tip grown on an aperture probe
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We show improvement of the optical and topographical resolution of scanning near-field optical
microscopy by introducing a “tip-on-aperture” probe, a metallic tip formed on the aperture of a
conventional fiber probe. The tip concentrates the light passing through the aperture. Thus the
advantages of aperture and apertureless scanning near-field optical microscopy are combined. Tips
are grown by electron beam deposition and then covered with metal. Fluorescent beads are imaged
with a resolution down to 25 nrtfull width at half maximum in the optical signal. The near-field
appears strongly localized within 5 nm adirection, thus promising even higher resolution with
sharper tips. ©2002 American Institute of Physic§DOI: 10.1063/1.1530736

“Conventional” scanning near-field optical microscopy sides with a few nm of Cr for adhesion, and then with about
achieves a resolution beyond the diffraction limit of conven-200 nm Au, chosen for its good contrast in a scanning elec-
tional optical microscopy by using a subwavelength aperturéron microscopg SEM). An aperture is opened by pressing
probe scanning a few nanometers above the sample. Howhe tip on a glass surface and monitoring the far-field light
ever, the light throughput diminishes very strongly with de-throughput.
creasing aperture diametemd cone angle of the probe, so a To form the tip of the TOA probe, we focus the electron
resolution<50 nm is rarely seen in practiégdn additional ~beam of a SEMJEOL 5600 on the center of the aperture
problem is the usual metal film with thickness in the range offor about 7 s, at 8 kV acceleration voltage, thereby growing
100 nm which makes aperture probes broad, leads to rel@n electron-beam-deposited tiEBD tip)?° [Fig. 1(a)]. Such
tively poor topographical resolution, and restricts optical im-tips are also called contamination tips because they build up
aging to flat samples. from inevitable trace impurities. Layers of 3.5 nm Cr and 33

Apertureless scanning near-field optical microscope$im Al are then deposited by evaporation at 45° incidence
(SNOMS obtain a much better resolutiqda—10 nm®° by  [Fig. 1(b)]. In this way the EBD tip is metallized on one side,
concentrating light fields close to the tip apex. The resolutiorand the original aperture is reduced to a small and elongated
corresponds to the apex radiasHowever, the far-field illu- ~ aperture left by the tip's shadow, resulting in an asymmetric
mination by a focused laser beam exposes a large ardi@—aperture arrangement. The position of the tip coincides
around the tip apex. This generates a large background scaith one edge of the new aperture.
tering signal, which can, however, be suppressed by modu- Our SNOM setup uses=568 nm light from a polarized
lation technique$§-° Moreover, in fluorescence imagitfg*®  krypton laser (Spectra-Physics Stabilite 2018passing
a large area bleaching may result. Both disadvantages af@rough a Pockels cell and coupled into the glass fiber illu-
overcome in the “tip-on-aperture(TOA) approach demon- minating the sample through the TOA probe. Transmitted
strated in this letter, where the tip is illuminated by a con-light is collected by a 0.95 NA objective and passed through
tiguous aperturé*~*®The tip can be positioned and tailored & confocal pinhole and a long pass filter to a photomultiplier.
to optimally concentrate at its apex the light fields providedThe sample is scanned below the probe at constant distance
by the aperture, fully exploiting plasmbh*’ and antennd under shear force control using a 100 kHz tuning fdrko
resonances. A properly engineered TOA probe will combingPrepare the fluorescent sample, a glass cover slide of
the advantages of aperture and apertureless probes, thgd Mmx20 mm is rendered hydrophilic in a plasma cleaner.
achieving low background and high optical as well as topo# drop of 40 ul of a 0.5 mg/ml bovine serum albumine
graphical resolution. In this letter we describe the result$olution is applied, and after 2 min the sample is blown dry

with a TOA probe by demonstrating high resolution and
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strong near-field signals with a fluorescent sample.
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To produce the TOA probe we start by thinning an opti- @ =
cal monomode fibef3M, FS-SN-322%in an etching solu-

tion (40% HF:H0:40% NH,F=1:1:1) for 100min. Then,

the fiber is etched in a fourfold diluted solution to a diameter

of 15 um. As the fiber core etches more slowly than the !

cladding, a sharp tip of 2um length results, as described T

before with a Ge-doped fibét. The tip is covered on all

FIG. 1. Schematic steps of fabricating the “tip-on-apertu(€OA) probe.

dElectronic mail: frey@biochem.mpg.de (a) An EBD tip is grown in a SEM on the aperture of a metallized glass fiber

Ypresent address: Ludwig-Maximilians-Univeisit&ektion Physik, Le-  probe;(b) one-sided deposition of Al metallizes the tip and forms an elon-
hrstuhl Experimentelle Halbleiterphysik, 80539 Minen, Germany. gated, reduced aperture in the tip shadow.
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FIG. 4. SEM images of the TOA probe usdd) before metallization, the
EBD tip is seen as bright spot on the dark apert(gafter tip metallization

and mapping the images of Fig. 2, the slit-shaped aperture is clearly visible.
Contamination from previous SEM imaging has enlarged the diameter of the
tip and produced the darkened rectangular area.

FIG. 2. Images of dye loaded polymer beddsminal diameter 20 njm
simultaneously taken iffi@) topography(height range 32 njn (b) fluores-
cence. The scan lines are parallel to yhexis.

the optical interaction is highly localized. As the dyes in the

by nitrogen. The resulting layer is used as adhesive to fix re§©2ds can be assumed to be randomly oriented, the fluores-
fluorescent (absorption 580 nm, emission 605 hm cence intensity will be proportional to the exciting intensity.

carboxylate-modified 20 nm diameter fluorescent beeatds The fields of an apertureless probe can be approximated by

crospheres, Molecular Probed00 ul solution with 0.02%  that %ﬁ dipole located in the curvature center of the tip
beads is spread over the slide, which is blown dry after ppex:™ Outside the tip, its electrical field intensity drops
: ' off proportional to[(a+2z) %+k?(a+z) 4] along the tip
min. _ _ \ :
Imaging the fluorescent sample with the TOA probe re-2XiS, wherezis the distance to the tip apek:=2a/\, anda

veals strong optical effects, which are not found without theS the curvature radius. Background intensity can be intro-
final metallization of the EBD tip. The bright spots in the duced by an additional constant. This theoretical intensity

fluorescence imagFig. 2b)] are similar in size to the el- distance dependence fits well to the measured one wahen

evations in the topographical image found at the same posi- 35nm|[Fig. 3b)], a value which is compatible with the

tion [Fig. 2(@)], and therefore mark individual fluorescent to_pographicgl 'and optical rgsolution qbserved, as well as
beads. The line traceig. 3 show that the smallest fluo- With transmission electron microscope images.

rescent spotwhite arrow measures 25 and 38 nm full width The experimental results of high resolution and steep
half maximum(FWHM) in two orthogonal directions. The approach characteristic give evidence that the metallized

corresponding topographical feature is 5 nm high and meaBP tip functions as an optical near-field sensor in the same

sures 40 and 37 nm FWHM, respectively. Differences peMmanner as known from apertureless SNOWY Therefore,

tween the optical and topographical images are expecte§€ €XPect that other common features will be present with
from the different tip—sample interaction mechanism and! OA Probes, namelyj) a dominantlyz-oriented polarization

from the asymmetric metallization of the EBD tip. The el- of the probing near fief** and (ii) a near-field scattering

evation marked by a black arrow has no corresponding Spdpteraction leading to material contrasts that is well described

H +~8.8,9,23
in the optical image, although it is 8 nm high. This provesPY an analytic formulatiofi ,
that the optical signal above beads is not height induced. What makes the TOA probe superior to other aperture-

The very high optical resolution is obviously not related /€SS SNOM probes is primarily its illumination from a spa-
to the size of the final aperture, which is 70 nm in length anot|aIIy fixed, contiguous source. The resulting advantages are
30 nm in width, as measured by SEMig. 4). At the dis- compactness of design, stability of the illumination, and re-

tance of 170 nm, given by the measured length of the meteﬁluceq background. _The short di_stan.ce from aper_ture.to_the
tip, the area illuminated directly from the aperture is quitellP Might be essential for operation in an absorbing liquid.

large. Indeed, around very bright, isolated fluorescent beads,
we observe a weakly fluorescing area of about 400 nm width, 40
which vanishes in the background signal for the darker beads
in the image shown. The mechanism leading to high optical 30
resolution can be better understood by analyzing measurec

approach characteristi¢fig. 5. The fluorescence intensity
falls rapidly when retracting the tip from a bead. At 5 nm E
distance it reaches half of its maximum value, proving that ™
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X (nm) y (nm) FIG. 5. Fluorescence response—{z scan of the TOA probe above a fluo-
rescent bead. The black structure marks the topography. The plot at right

FIG. 3. Orthogonal cross sections through the small fluorescent spot markegliantifies fluorescence above the bead apex and compares it with dipole
by a white arrow in Fig. @) (three lines averagéed theory.
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