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In order to overcome one of the drawbacks in scanning near-field optical
microscopy (SNOM), i.e., a low spatial resolution caused by a rather poor
sample-probe distance control, we are designing a hybrid system of SNOM
with scanning tunneling microscopy (STM) by introducing a metal-coated
optical fiber tip with an apex of a nanometer-scale aperture. We present the
recent developments of our homemade hybrid SNOM/STM system.

Keywords: scannning near-field optical microscopy; scanning tunneling
microscopy; metal-coated optical fiber tip

INTRODUCTION

Currently, scanning near-field optical microscopy (SNOM) [1.2] has been
increasingly drawing our attention. One of the drawbacks in SNOM is a poor
sample-probe distance control that is realized by a simple optical feedback or
by a shear force system [3]. In the former case, due to the intrinsic nature of the
near-field, the probe cannot reach to the close proximity down to nm-scale. In
the latter case, the neccesity of the tip vibration results in a low lateral
resolution. Thus, these systems are characterized by a low spatial resolution
and an unstable distance lock.

To avoid these difficulties and improve the performance of SNOM
instrument, we are currently designing a hybrid system of SNOM with
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scanning tunneling microscopy (STM) (hybrid SNOM/STM) by introducing a
metal-coated optical fiber tip with an apex of a nanometer-scale aperture for
simultaneous SNOM/STM imaging. The system can be designed for both
"collection mode" to map the optical properties without losing the extremely
high resolution of conventional STM technique and "illumination mode" to
stimulate the sample with light using such a sharpened probe tip.

According to literature, there have already been several reports which
described the combination of SNOM and STM. Kawata et al. designed the
system where a metallic tip interfered the evanescent field standing on the
sample and the scattered light was collected during STM scanning 141,
However, neither "illumination” nor "collection" mode is accessible with this
method. On the other hand, a metal-coated optical fiber tip with an aperture
can be used for both modes, although several disadvantages have been
reported up to now; the large-size top of the fiber tip caused by metallization
resulted in a low spatial resolution or the distortion of the obtained image !5!.

In order to overcome such difficulties in using a metal-coated optical
fiber tip, we employed the new scheme of the tip fabrication which will be
described in the experimental section of this paper. Several examples of STM
images obtained by using our SNOM/STM system will be also presented.

EXPERIMENTS

SNOM/STM head was designed regarding the compatibility with a commer-
cially available STM instrument, NanoScope Il (Digital Instruments, CA,
USA). The quality of the head was confirmed by observations in "STM mode”
of several samples, using this head combined with a normal Pt-Ir tip.

The fabrication procedure of a metal-coated optical fiber tip is based on
the selective chemical etching of optical fibers originally developed by Ohtsu
et al. 1671, 23 mol% GeO,-doped optical fiber is etched in the two solutions
with two different volume ratios of NH4F : HF : HyO successively. The
scanning electron microscope (SEM) image (S-900, Hitachi, Japan) of the
optical fiber tip is shown in Fig. 1(a). The cone angle is about 25°.

Pt ion-coating to the tapered optical fiber was performed in low vacuum
chamber (about 0.1 Torr). The thickness of Pt layer was ca. 100 nm. The tip is
dipped in an acrylic resin solution afterwards. Due to the surface tension of
the resin solution, the sub-micrometer top region of the sharpened core is
exposed from the resin solution after the withdrawal of the tip from the
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(bh)

(a)

FIGURE | SEM images of homemade optical fiber tip. (a) The whole shape
of the tip. (b) The tip after forming extremely small aperture (< 100 nm).

solution 171. The uncovered portion with the resin film is etched in a KI-I
solution to form an aperture. Though the shape of the uncovered area depends
on several factors such as a cone angle and a withdrawal speed, we obtained
extremely small apertures down to a few tens of nanometers with high
reproducibility. Fig. 1(b) shows the SEM image of the fiber tip after the
formation of the aperture, where the size of the aperture is less than 100 nm
and the curvature of the tip is around 30 nm.

The procedure of the tip fabrication can be closed at this stage if the tip
is used only for normal SNOM measurements, while the neccesity of simul-
taneous SNOM/STM imaging imposes one more step; the coating of Pt ultra-
thin layer. Note that this step is original in our paper. The optimized value of
the Pt layer thickness (ca. 25 nm) results in the a half-transparent metallic
aperture. This 25nm thickness is thick enough to get the electrical connection
to the first preamplifier circuit which is attached to the SNOM/STM head.

RESULTS AND DISCUSSION

Quality of Homemade Optical Fiber Tip

The quality of our metal-coated optical fiber tip was examined in combination
with NanoScope 11 STM head. Au (instead of Pt) of ca. 100 nm thickness was
coated to an optical fiber tip. In Fig. 2, the obtained STM image of a fleshly
cleaved highly oriented pyrolytic graphite (HOPG) is shown, where the scan
size is 6.5 X 6.5 nm?, I, = 4 nA and Vsampte = 200 mV. As compared with
normal STM images of HOPG, there are many streak noises possibly caused
by the mechanical instability of the tip. The instability may come from the



Downloaded by [University of Haifa Library] at 20:15 20 August 2012

212 K. NAKAJIMA et al.

dimensions of the tip. As the original
diameter of the cladding (125 pm) is
much smaller than that of a normal STM
tip, its resonant frequency must be
considerably decreased, resulting in the
streak noises observed in the image.

In spite of the instability, an atomic
resolution was achieved in the image. -
Although the image was attained with the [ i ===
tip which is covered merely by 100 nm  FIGURE 2 The STM image of
Au layer (without any aperture), the  an HOPG obtained by using
electrical connection without the loss of  NanoScope Il STM head with
the image quality was not lost even with  Au-coated optical fiber tip.
thickness around 30 nm. Thus we

confirmed the sufficient capability of our homemade metal-coated optical
fiber tip to investigate nanometric objects in "STM mode."

Combinati f SNOM/STM Head and Optical Fiber Ti
As the example to illustrate the quality of our SNOM/STM head, we made

STM imaging of a liquid crystalline "guest-host" system. As well known, 4'-n-
octyl-4-cyanobiphenyl (8CB) molecule shows the stable anchoring structure
with high ordering on molybdenum disulfide (MoS;) [8!. Moreover, this
ordered structure can act as a "host” system [9), where azo dyes such as 1-
hydroxy-1'-hexyl-azobenzene (6AZ) can
be dispersed as "guest” molecules. In Fig.
3, a typical STM image of 8CB/6AZ (9 :
1) mixture on MoS; is shown. The image
was taken by using NanoScope 11 STM
head with a Pt-Ir tip. The scan size is 20 x
20nm?, ;=02 nA and Vgppe = 1.4 V. It
was possible to distinguish azobenzene
moiety from biphenyl groups on each
molecule as indicated by arrows. The
material system also draws our attention  FIGURE 3 The STM image of
because it may be possible that cis-trans  8CB/6AZ (9 : 1) mixture on
switching phenomenon of an individual ~ MoS, taken by NanoScope Il
6AZ molecule is observed by exciting it §TM head with Pt-Ir tip.
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using our developing SNOM/STM optical fiber tip.

A large-scale STM image of 8CB/6AZ (9 : 1) mixture on MoS; taken by
NanoScope Il head with a Pt-Ir tip is shown in Fig. 4(a), where the scan size is
100 x 100 nm?, I, = 0.3 nA and Vygmpie = 1.2 V. The molecular rows are
clearly resolved and there exists a molecule-missing defect at the lower-left
part in the image as indicated by an arrow. Bright spots observed randomly
and separately in the image represent defects of underlying MoS,.

As shown in Fig. 4(b), our homemade SNOM/STM head with a Pt-
coated optical fiber tip was utilized to observe the same sample. The scan size,
I, and V41, are almost identical to those in Fig. 4(a). While the rows of
cyanobiphenyl molecules cannot be imaged in this imaging, specific defect
structures of MoS; are visible with the same appearance in Fig. 4(a). We
should note that similar images to Fig. 4(b) are often observed (even in using a
conventional STM instrument) in case that a tip condition is not ideal due to
contaminants. However, since a Pt-coated optical fiber tip has the potential to
give an atomic-scale resolution as indicated by Fig. 2, we can expect a higher
resolution in STM mode with our hybrid SNOM/STM system in the near
future.

From a view point of acquisition for optical information in localized
area, there will be expected many possible usages of our hybrid SNOM/STM
system because the system showed a sufficient resolution down to nanometer-
scale in STM mode. We are now establishing an access to individual molecule
level which have many interesting features such as photoluminescence and
electroluminescence by approaching the optical fiber tip to the close proximity

(@) T
FIGURE 4 Large-scale STM images of 8CB/6AZ (9 : 1) mixture on Mo$S,
taken by (a) NanoScope I1 STM head with Pt-Ir tip and (b) our homemade
SNOM/STM head with Pt-coated optical fiber tip.
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of the molecules and exciting them by photon and/or electron injection. Such
developments are now in progress and will be reported elsewhere.

CONCLUSION

We confirmed the present capability of our developing hybrid SNOM/STM
system as a tool to investigate nanoscopic phenomena by showing several
examples like HOPG and 8CB/6AZ mixed "guest-host" system on MoS;. At
present, the system showed a sufficient resolution down to nanometer-scale in
STM. By solving its mechanical instability and by optimizing the tip
fabrication technique, the system can be improved to realize multi-
applicability.
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