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Abstract

We report the bulk and surface trans-
port properties of the topological insula-
tor Tl1−xBi1+xSe2. Observation of the two-
dimensional Shubnikov-de Haas effect in ad-
dition to the bulk insulating behavior unam-
biguously confirmed the presence of surface
Dirac cone.

Topologically protected surface Dirac cone is one
of the new stages of novel electric and spin trans-
port. The Dirac cone is realized in some bulk crys-
tals which is nowadays called the three-dimensional
topological insulators. The new Dirac fermion sys-
tem is of great significance because the absence of
spin degeneracy coexists with the time reversal sym-
metry, and the surface Rashba spin-orbit interaction
locks the direction of electronic spin [1,2]. Although
a spin transport in the unique spin texture has been
attracting much interest [3], majority of the topolog-
ical insulators also involves undesirable bulk metallic
conduction which complicates the situation.

Recently, K. Kuroda et al., reported the bulk in-
sulating property and bulk carrier manipulation in
the topological insulator TlBiSe2 [4]. This is the
first demonstration of the bulk insulating properties
other than the well-known Bi2Se3 family. Since the
TlBiSe2 is known to exhibit an in-gap Dirac point [4],
the Dirac cone is appropriate to investigate the novel
phenomena of transport with fully-controlled Fermi
level, as demonstrated in graphene [5] (Figure 1).

In this presentation, we report the electric
transport properties of the bulk insulating, sur-
face metallic Tl1−xBi1+xSe2. Observation of the
two-dimensional quantum oscillations with non-zero
Berry phase confirmed the success of electric trans-
port in the surface Dirac cone [6]. We also com-
pare the properties obtained to that of another Dirac
fermion system and discuss the effective theoretical
model.

References

[1] X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83
(2011) 1057.
[2] Z.-H. Pan, E. Vescovo, A. V. Fedorov, D. Gard-
ner, Y. S. Lee, S. Chu, G. D. Gu, and T. Valla, Phys.
Rev. Lett. 106 (2011) 257004.
[3] C. H. Li, O. M. J. van’t Erve, J. T. Robinson, Y.
Liu, L. Li, and B. T. Jonker, Nat. Nano. 9 (2014)
218.
[4] K. Kuroda, K. Shirai, M. Ye, H. Miyahara, K.
Miyamoto, T. Okuda, S. Ueda, M. Arita, H. Na-
matame, M. Taniguchi, Y. Ueda, and A. Kimura,
arXiv:1308.5521 (2013).
[5] Y. Zhang, Y.-W. Tan, H. L. Stormer, and P. Kim,
Nature 438 (2005) 201.
[6] G. Eguchi, K. Kuroda, K. Shirai, A. Kimura, and
M. Shiraishi, arXiv:1406.1416 (2014).

Extended Abstracts of the 2014 International Conference on Solid State Devices and Materials, Tsukuba, 2014, 

- 792 -

H-3-3L pp792-793



Figure 1: Schematics of known Dirac fermion systems.
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