Terahertz conductivity of interfface-dominated nanograined Bi:Tes
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Topological insulators (Tls) are a state of matter characterized by trivial bands for the bulk and
Dirac states at the surface [1]. One of their most touted properties is the spin-momentum
locking in the topologically protected surface states, suppressing backscattering via non-
magnetic defects thereby providing ultra-high mobility [2]. However, in extended crystals, bulk
carriers usually dominate over surface carriers, thus, it is difficult to observe their contribution in
TIs despite their intriguing properties [3]. To increase the contribution of the surface carriers,
macroscopic samples of Bi:Tes composed of nanoparticles offer a surface-to-volume ratio of
approximately 2x10°> cm?2/cm3. Here, we present temperature-dependent (0 to 300 K) terahertz
(THz) spectroscopy of nanograined bulk Bi:Tes. The hot-pressed pellets have a diameter of
5 mm (cf. Fig. 1(a)) and are kept in an optical cryostat. In Fig. 1(b) the reflectivity is plotted as
a function of the frequency at 4 K.

To further analyse the measured reflectivity, we model the combined conductivity of surface
and bulk carriers. We consider three different contribution to the overall conduction, namely
Drude conductivity from the surface os and the bulk os carriers as well as plasmonic response
or (see Fig. 1(b)). The latteris attributed to collective oscillations of high mobility surface carriers
that are confined in micrometer sized grains of Bi.Tes (comprised of multiple nanoparticles).
Using a combination of these three contributions, we extract the mobility of surface carriers as
a function of temperature, which turns out as high as 1.2 x 104 (3x103) cm2V-1sT at 4 (300) K,
proving the high quality of the nanoparticles. Importantly, we find that the surface carriers
significantly confribute to the opfical conductivity even at room temperature, which is
essential to make use of the high mobility surface carrier in real-world devices.
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Figure 1: (a) Sketch of the measurements of nanograined Bi.Tes. (b) Measured and calculated
reflectivity as a function of the frequency at a temperature of 4 K.
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