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Fig. 1. Atomic structure of Crl; monolayer together with unit cell (a), AF-Néel crystal cell (b), AF-stripy crystal cell (¢) and AF-

zigzag crystal cell (d).
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Fig. 2. Variation of energy difference AFEpy.apm between
single-layer Crl; ferromagnetic and antiferromagnetic struc-

tures with strain.
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Fig. 5. Biaxial strain dependence of DOS of Crl; monolayer: (al)—(a5) witheranging from 0 to 0.08 for tensile (compressive) strain;

(b1)—(b5) with ¢ ranging from 0 to —0.08 for compressive strain.
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Fig. 6. Biaxial strain dependence of the intrinsic carrier mo-
bility of Crl; monolayer in z (y) direction (e represents for

electron, p represents for hole).

£ 1 HUZ Crly LT HIZIT o (y) J7 REPIEES L
Table 1.  Physical parameters of electron and hole of Crl; monolayer in z (y) direction, respectively.
Carrier Direction m*/mg mq/mg Ey/eV Cop/(N-m™) uf(em?V-1ist)
z 5.45 2.29 25.5 3.26
Electron 5.79
Y 6.15 2.25 24.5 2.84
z —2.57 3.87 25.5 6.05
Hole 2.32
y -2.10 4.01 24.5 6.63
£ 2 FUHRAET B2 Crly BFHIZ U o (y) J7 EIA TR m* R4
Table 2.  The biaxial strain dependence of the effective mass m* and carrier mobility x4 of electron and hole of Crl; mono-

layer in z (y) direction, respectively.

m*/(mgu) /(cm* Vs )

Strain Electron Hole Electron Hole
m} my mj my Ha Hy He Hy

0.08 8.82 10.122 —1.682 —1.652 1.21 1.11 12.80 11.68
0.06 6.42 8.540 -1.79 -1.740 2.18 1.66 11.37 10.46
0.04 6.15 7.640 -2.15 -1.900 2.42 1.89 8.28 8.37
0.02 6.78 6.780 —-2.098 -1.858 2.24 2.21 8.74 8.84
0 5.45 6.150 —2.57 —2.100 3.26 2.84 6.05 6.63
—-0.02 1.90 1.940 -1.45 -1.410 28.17 27.54 17.37 16.00
-0.04 0.98 1.180 -1.48 -1.510 98.16 80.48 16.25 14.24
-0.06 1.02 1.050 -0.84 -1.040 97.56 94.28 45.84 33.31
0.08 0.71 0.970 0.78 0.920 173.53 126.24 54.29 41.06
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Abstract

Because the single-layer Crl; is a half semiconductor with indirect band gap and magnetic anisotropy, it
has received much attention in the spintronic, magneto-electronic and magnetic storage applications. However,
the knowledge of the dependence of carrier mobility and optical property on strain is still rather limited. The
uniaxial and biaxial strain dependence of electronic, transport, optical and magnetic properties of single-layer
Crl; are systematically investigated by using first-principles calculations, and the results are compared with
experimental results. The electronic structures under different strains are first calculated by using the accurate
HSEQ06 functional, then the carrier mobility is estimated by the deformation potential theory and the dielectric
function is obtained to estimate the optical absorption especially in the visible light range. Finally, the magnetic
anisotropy energy used to estimate the magneto-electronic properties is studied by the Perdew-Bueke-Ernzerhof
functional including the spin-orbit coupling. It is found that the ferromagnetic Crl; is an indirect and half
semiconductor with band gap 2.024 eV,ACBM = 1.592 eV, AVBM= 0.238 eV and can be driven into AF-Néel
antiferromagnetic phase by applying —6% to —8% (compressive) biaxial stain, exhibiting excellent agreement
with the results from the literature. It is found that of single-layer Crl; has very low carrier mobility with a
value within 10 ¢cm?V!.s! due to the large effective mass and small in-plane stiffness can be remarkably
increased by increasing biaxial compression strain attributed to the reduced effective mass. A high electron
mobility 174 cm?V 157! is obtained in the zigzag direction by applying a —8% biaxial strain reaching the level of
monolayer MoS,. The calculated imaginary component of dielectric function along the z (y) direction having
two peaks (I, II) in the visible light range is obviously different from that along the z direction, indicating that
the single-layer Crl; has optical anisotropy, demonstrating the good agreement with results from the literature.
It is found that the imaginary part of dielectric function shows that an obvious redshift and peak (I, II) values
strongly increase with the increase of compressive strain (biaxial), showing good agreement with the calculated
electronic structures and indicating that monolayer Crl; possesses high optical adsorption of visible light under
a compressive biaxial strain. Furthermore, it is found that the magnetic anisotropy energy of monolayer Crly
mainly stemming from the orbital magnetic moment of Cr ions remarkably increases from 0.7365 to 1.08 meV/Cr
with g compressive strain increasing. These results indicate that the optoelectronic property of single-layer Crls
can be greatly improved by applying biaxial compressive strain and the single-layer Crl; is a promising material
for applications in microelectronic, optoelectronic and magnetic storage.

Keywords: strain, first-principles calculations, carrier mobility, optical properties
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