9a-Z06-11 HR1EHANBEAUSLHBES BEFHE (2020 451 VEHE)

Dissipative interaction via capacitive coupling through mica nanosheets
examined by non-contact atomic force microscopy
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In the last three decades, surface nanoscale properties have been intensely investigated by use of atomic
force microscopy (AFM). In particular, non-contact atomic force microscopy (nc-AFM) has exhibited
remarkable performance in high-resolution surface imaging of various exotic materials in vacuum, air, and
water with no or less damage to their surfaces!. Therein, the shift (Af) of cantilever resonant frequency (f)
induced by the interaction between a tip and the sample, deviated from f; at free, is measured and used as a
feedback signal to control the tip—sample distance; the topography along with various static and dynamic
properties of the surfaces can be depicted. The interaction forces are categorized into conservative and
nonconservative forces. The nonconservative forces cause energy dissipation, which is neither fully
understood nor utilized, but still attracts much interest as a fascinating measurable physical quantity.

In the present work, we examine the distance and bias dependence of dissipative interaction using nc-
AFM for artificially synthesized phlogopite (KMgsAlSizO1oF2, a mica family), exfoliated into nanosheets (a
thickness of 5-10 nm) and affixed on an iridium (Ir) coated silicon (Si) substrate. Figure 1a shows an nc-
AFM topographic image, taken in a chamber filled with pure Ar gas at 1 atm, with a Au-coated Si cantilever
(fo=306.7 kHz, A= 27 nm, Olympus) overcoated with Ir using DC magnetron sputtering by ~12 nm to improve
the electric conductivity of the tip. Figure 1b shows the force—distance curves acquired on the mica nanosheet
and the substrate, which were numerically converted from the Af-distance curves?; when the tip approached
the sample, first, attractive forces were found with decreasing tip-sample distance, followed by strong
repulsive forces in the measured distance range. The hydrophilic mica nanosheet as well as Ir-coated Si
substrate were probably covered with a thin water layer during the sample preparation in our lab environment.
Thus, the attractive forces possibly corresponded to the interaction between the tip and the water layer
covering sample surface. The simultaneously obtained dissipation curves (Fig. 1¢) show sharp increase at the
distance of ~15 nm both on the mica nanosheet and the substrate; the larger dissipation was found on the
mica nanosheet. Depend on the thickness of the mica nanosheet, dissipation may vary from a thin to a thick
layer. The tip—sample system can be regarded as a capacitor under a bias voltage inducing the electrostatic
force, where the interactions of short-range chemical forces and long-range van der Waals forces are also
acting; furthermore, displacement current passes during the tip oscillation of nc-AFM operation®4. The mica
nanosheet as dielectric probably increased the capacitance, which might increase the displacement current,
resulted in larger Joule heating. We will discuss the bias dependence of the dissipation as well.
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Figure 1: (a) nc-AFM topographic image of a 5-nm thin mica nanosheet affixed on the Ir-coated Si substrate
at a bias voltage of 0 V. (b) force—distance curves and (c) simultaneously measured dissipation—distance
curves on the mica nanosheet (in red) and the substrate (in black). The origins of horizontal axes were shifted
by the thickness of mica (i.e., 5 nm) so that the scale numerically shows the tip height from their surfaces.
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