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The study of ferrovalley properties for two-dimensional Janus LuClI

ZHU Jing-Xin, GUO San-Dong
(School of Electronic Engineering, Xian University of Posts and Telecommunications, Xi’an 710121, China)

Abstract: Due to its inherent ferromagnetic properties, ferrovalley materials can generate spontaneous valley po-
larization, thus realizing the manipulation of valley degrees of freedom. The different valley polarization states
provide the possibility for the application of ferrovalley materials in the field of information transmission. In this
work , the dynamic, mechanical and thermal stabilities of Janus monolayer LuClI are proved by using reliable first
— principles calculations. Janus monolayer LuClI is found to be a promising ferrovalley material with a valley
splitting of 50. 927 meV. When the direction of magnetic moment of Lu atom (out — of — plane) is reversed, the
valley polarization can be reversed. The Berry curvature distributions of Janus monolayer LuClI in Brillouin zone
are also calculated, and they are mainly concentrated in the — K and K valleys, which indicates that the anoma-
lous valley Hall effect can be realized in LuCll monolayer. When the strength of electronic correlation is small,
the easy magnetization axis of Janus monolayer LuCII will become in — plane, thus losing the spontaneous valley
polarization. Nevertheless, the direction of magnetization can be shifted from in — plane to out — of — plane by u-
sing strain regulation, which can result in valley polarization. In addition, Janus monolayer LuCII has both in —
plane and out — of — plane piezoelectric responses. The calculated in — plane piezoelectric strain coefficient d,, is
larger than that of most existing two — dimensional materials, while the out — of — plane piezoelectric coefficient
d,, is very small. This provides possibility to regulate valley carriers by piezoelectric effect.
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Fig. 1

(a) Top view and (b) side view of the crystal structure of Janus monolayer LuClI, and the rhom-

bus primitive cell is marked by the black frame. (c¢) The Brillouin zone with high — symmetry

points labeled. (d) Phonon dispersion spectrum of Janus monolayer LuCIl. (e) Evolution of the

total energy from the 8 ps ab initio molecular dynamics simulation at 300 K. The insets show the in-

itial and final configurations of Janus monolayer LuClI crystal.
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Fig. 2 The band structures of Janus monolayer LuCll. (a) Spin — orbital coupling is not considered. (b)

and (c¢) Spin — orbital coupling is considered, but the magnetic moment of Lu atom along the posi-
tive and negative z directions (out — of — plane ), respectively. Spin — up and spin — down are

shown in purple and red, respectively. (d) — (f) Enlarged views of the valence bands near the

Fermi level for (a) - (c).
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