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Near-field scanning microwave microscopy (SMM) has established as a useful tool in studies of
materials with its unique capability to couple directly to the material ground state through
electrodynamical (dielectric function and electric conductivity) properties [1, 2]. In this talk, after
briefly discussing general principles of SMM, we will demonstrate application of this technique to
few material systems, in particular to metal-insulator transition in vanadium dioxide nanoplatelets.

The results have been obtained with an SMM system synergistically incorporated into an Asylum
Research MFP-3D atomic force microscope platform. As illustrated in Fig. 1, the probe of the
system is a solid wire AFM-type cantilever tip on a specially designed holder, which is connected to
a coaxial cable (transmission line) through an impedance-matching network and then to a vector
network analyzer (VNA). Amplitude and phase of the microwave signal reflected from the tip are
measured with the VNA while scanning over the sample surface in contact AFM mode. AFM
topography image and the SMM image are acquired simultaneously. The complex value of the
reflection coefficient is determined by the capacitance of the system tip-substrate-outer conductor of
the coaxial cable, which in turn is defined by the electric properties of the material under the tip
apex. Imaging resolution of the system in high-frequency signal can reach 100 nm, being strongly
depends on the contrast of material properties.

Vanadium dioxide is a technologically important material with numerous potential applications in
ultrafast modulators, switchable polarizers, beam-steering, thermochromic and others devices. In
bulk, this strongly-correlated-electron oxide undergoes a metal-insulator transition at 7, = 68 °C
with about five orders of magnitude change in electrical conductivity. The transition is accompanied
by a tetragonal-to-monoclinic structural transformation. Due to reduction of the lattice symmetry at
the phase transition, the material becomes twinned (divided into orientational domains). In strained
quasi-2D nanoplatelets, twins can form quasiperiodic structures as a consequence of self-
organization of metal and semiconducting domains [3] during the phase transition on cooling from
the growth temperature. Such twins reveal themselves in well-ordered quasiperiodic structures of
ridges and furrows in topographic AFM images as visible in Fig. 2(a), with topographic height and
lows corresponding to domain walls. Using temperature-dependent SMM imaging, we demonstrate
formation of conductive channels at twin boundaries of these structures at temperatures well below
bulk transition.

Figure 2(b) shows appearance of metallic domains along ridges at the beginning of the phase
transition of heating. At the scan line indicated by the arrow in Fig. 2(c), the temperature was
increased by 2 °C, and as is seen, a number of new metallic domains appeared strictly at the ridges
of the topographic structure. This mesoscopic-scale phase transition is partially induced by localized
strain fields in domain walls due to relatively large clapping angle (obliqueness) of this type of

https://doi.org/10.1017/51431927610058861 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927610058861

Microsc. Microanal. 16 (Suppl 2), 2010 461

twins. The effect can be used to enable new electronic devices though strain engineering of
conductive and semiconductive regions. SMM turned to be of particular value in these experiments
since it does not require fabrication of contacts, which allows, among other things, preservation of
the domain structure in the nanoplatelets.
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Fig. 2. (a) Topographic AFM image of surface over a quasiperiodic twin structure in a
VO, nanoplatelet and (b) SMM image taken simultaneously with the image in (a). The
scan direction is from top to bottom. At the scan line marked by the arrow, the
temperature was increased by 2 °C. White in (a) corresponds to larger height; blue (black)
in (b) corresponds to larger conductivity. The scale bar is 1.6 um. SMM imaging
frequency was 1.78 GHz.
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