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Figure 2 | Signatures of the exotic metallic surface states in topological
insulators. a, The electronic structure of BijSe;, as measured by

ARPES. Measured energy electron energy, E;, is plotted against electron
momentum, k. High intensity (red and yellow areas) indicates a non-zero
electronic density of states. The surface bands crossing the bulk bandgap
enclose a single Dirac point at the Brillouin-zone centre (I, which is the
signature that this material is a topological insulator. B indicates the
centre of an edge of the Brillouin zone, and the path in the Brillonin zone

\nad

W

BiXSQ/“ BiXTQ,” SQSQ/”

is indicated by white arrows. The direction of electron spin is indicated by
blue arrows. (Panel modified, with permission, from ref. 12; data taken
from refs 12 and 23.) b, Theoretical idealization of the electronic structure
of Bi;5e;, showing the rotation of the spin degree of freedom (red arrows)
as an electron (with energy E) moves around the Fermi surface (with

Fermi energy Eg). Scattering of the surface electrons by non-magnetic
disorder will modify the details of the electronic wavefunctions but will not
eliminate the metallic surface.
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Experimental Observation of the
Quantum Anomalous Hall Effect
in a Magnetic Topological Insulator

Cui-Zu Chang,™** Jinsong Zhang,™* Xiao Feng,>** Jie Shen,®* Zuocheng Zhang,* Minghua Guo,*
Kang Li, Yunbo Ou,” Pang Wei,? Li-Li Wang,? Zhong-Qing Ji,® Yang Feng, Shuaihua Ji,*
Xi Chen,* Jinfeng Jia,* Xi Dai,” Zhong Fang,” Shou-Cheng Zhang,® Ke He,%t Yayu Wang,t Li Lu,?

Xu-Cun Ma,? Qi-Kun Xue't

The quantized version of the anomalous Hall effect has been predicted to occur in magnetic
topological insulators, but the experimental realization has been challenging. Here, we report the
observation of the quantum anomalous Hall (QAH) effect in thin films of chromium-doped (Bi,Sh),Tes,
a magnetic topological insulator. At zero magnetic field, the gate-tuned anomalous Hall resistance
reaches the predicted quantized value of h/e®, accompanied by a considerable drop in the longitudinal
resistance. Under a strong magnetic field, the longitudinal resistance vanishes, whereas the Hall
resistance remains at the quantized value. The realization of the QAH effect may lead to the

development of low-power-consumption electronics.

he quantum Hall effect (QHE), a quan-
I tized version of the Hall effect (/), was
observed in two-dimensional (2D) elec-

tron systems more than 30 vears ago (2, 3). In
QHE, the Hall resistance, which is the voltage

across the transverse direction of a conductor
divided by the longitudinal current, is quantized
into plateaus of height //ve”, with 4 being Planck’s
constant, ¢ the electron's charge, and v an integer
(2) or a certain fraction (3). In these systems, the

QHE is a consequence of the formation of well-
defined Landau levels and thus only possible in
high-mobility samples and strong external mag-
netic fields. However, there have been numerous
proposals to realize the QHE without applying
any magnetic field (4-/7). Among these propo-
sals, using the thin film of a magnetic topological
nsulator (T1) (6-9, /1), a new class of quantum
matter discovered recently (/2, /3), is one of the
most promising routes.

Magnetic field-induced Landau quantization
drives a 2D electron system into an insulating
phase that is topologically different from the
vacuum (/4, 15); as a consequence, dissipation-
less states appear at sample edges. The topolog-
ically nontrivial electronic structure can also occur
in certain 2D insulators with time reversal sym-
metry (TRS) broken by current loops (4) or by
magnetic ordering (6), requiring neither Landau

IState Key Laboratory of Low-Dimensional Quantum Physics,
Department of Physics, Tsinghua University, Beijing 100084,
China. 2Beijing National Laboratory for Condensed Matter
Physics, Institute of Physics, The Chinese Academy of Sciences,
Beijing 100190, China. *Department of Physics, Stanford Uni-
versity, Stanford, CA 943054045, USA.
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Howard D. Applewnhite J. Michael Kosterlitz
David J. Thouless F. Duncan M. Piive shaies /A

Prize share: 1/2 Haldane
Prize share: 1/4

The Nobel Prize in Physics 2016 was divided, one half awarded to
David J. Thouless, the other half jointly to F. Duncan M. Haldane
and J. Michael Kosterlitz "for theoretical discoveries of topological
phase transitions and topological phases of matter”.







