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Fig. 1. Three-dimensional CrSi, crystal model.
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F 1 =4k CrSiy MEAPE

Table 1.  Basic properties of three-dimensional CrSi,.

CrSi, Si Cr
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Fig. 2. Bonding models of three dimensional CrSi, crystals.
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Fig. 3. Two-dimensional structure model of CrSi, .

=4 N 4 CrSiy 3 JURTILAR 5 Y 45 R 4
32 g, Horp =4k CrSiy, ARG HEECN a = b =
0.438 nm, ¢ = 0.632 nm, FHIEIAN o = 5 = 90°,
v = 120°. JUAHLALIG HLZE CrSiy, WIS HECH o =
b= 0.441 nm, ¢ = 1.5 nm.

# 2 SHERTHE CrSi, INESHIRILES

Table 2. Structural optimization results of three-dimen-

sional and two-dimensional CrSi,.

Model a/nm b/nm ¢/nm V,/nm?
3D-CrSi, 0.438 0.438 0.632 0.107
2D-CrSi, 0.441 0.441 1.5 2.274
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# 3 WPELIEICE 3d SRR L5
Table 3.  Electronic structure of 3d shell of transition metal elements.

BT 21 22 23 24 25 26 27 28 29 30
TR Sc Ti \% Cr Mn Fe Co Ni Cu 7n
T WigEE  WiRETE  WiREYE  RERREVE ROBRREVE  BRRETE BRmEYE BRmEYE CREYE CRETE

HIAZE 3dl4s?  3d%4s®  3d34s®  3d°ds! 3do4s?  3d4s®  3d74s®  3d84s?  3dl%4s!  3d104s2

1 i Tl 11 Tl Tl Tl

1 1 1 T 1 Tl T Tl Tl

3L R H: A TEHEA 1 1 1 1 1 T 1 T T T
1 1 i 1 1 1 Tl Tl

1 T 1 1 1 Tl Tl

AsHIE R T4 2 2 2 1 2 2 2 2 1 2

¢si @cr @i
(a) LT EH AR 3.70%; (b) BT H 40 oA 7.41 %; (o) JRF A 430 2l 11.1%

Fig. 4. Model of Ti doped two-dimensional CrSi, at different concentrations: (a) Atomic percentage is 3.70%; (b) atomic percentage

B 4 ARIHET TiiE4: — 4 CrSi, HBE

is 7.41%; (c) atomic percentage is 11.1%.
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At CrSiy, KH) XHELEL (GGA) Jik1H) PBE
12 SRR IR A AL N, AT RE LB 400 eV,
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DU, R AR EREA R G ECUT 1 028 i gl A8
(< 0.002 eV), HFAE &= A B, e £ ARBTAE >
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Fig. 5. Relationship between truncation energy and total

energy.
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Fig. 6. Energy band structure diagram: (a)Energy band structure diagram of three-dimensional CrSiy; (b) spin up electron band

structure of two-dimensional CrSiy; (c) spin down electron band structure of two-dimensional CrSi,.
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Fig. 16. Absorption coefficient of doping at 3.70 % and 7.41% concentrations: (a) Ti; (b) V; (¢) Co; (d) Ni.
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Fig. 18. Reflection coefficient of doping at 3.70% and 7.41% concentrations: (a) Ti; (b) V; (¢) Co; (d) Ni.
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Fig. 20. Energy loss function after doping at the concentration of 3.70% and 7.41%: (a) Ti; (b) V; (c) Co; (d) Ni.
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Abstract

Two-dimensional materials have shown excellent optical, mechanical, thermal or magnetic properties, and

have promising applications in the high performance electronic, optical, spintronic devices and energy transfer,

energy storage, etc. Monolayer transition metal silicide CrSi, has shown ferromagnetism and metal properties in
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previous studies, and it is expected to become a new two-dimensional material. The Ti, V, Co, Ni doped two-
dimensional CrSi, are studied with different doping concentrations by using the first-principal pseudopotential
plane wave method based on density functional theory, and electronic structure, magnetic and optical properties
are calculated and analyzed. The results show that the density of states in the two-dimensional CrSi, system is
asymmetric, and the crystal cells have obvious ferromagnetism with a magnetic moment of 3.55 uB. Two-
dimensional CrSi, has strong absorptivity and reflectivity in the far infrared and ultraviolet range, showing
excellent optical properties.

The electronic structures and magnetic properties of Ti, V, Co or Ni doped CrSi, with different
concentrations are calculated and analyzed, and the results show that the magnetic moment of the two-
dimensional CrSi, varies after doping different elements at a doping concentration of 3.70 at%. After doping Ti,
the magnetic moment of the system changes to 0 uB at a doping concentration of 3.70 at%, showing that it is
an indirect semiconductor. After doping V, the magnetic moment becomes smaller at a doping concentration of
3.70 at%, and the system has two degrees of freedom: electron charge and spin, showing the properties of
diluted magnetic semiconductors. After doping Ni, the band gap FE,=0.09 eV appears in the spin-up band of the
system at a doping concentration of 3.70 at%, while the spin-down band is metallic, and the system shows semi-
metallic properties. The magnetic moment changes to 3.71 uB after doping Ti at a doping concentration of
7.41 at%. After doping Co and Ni, the magnetic moment of the system becomes smaller at the doping
concentration of 7.41 at%, and the spin-down 3d orbital electrons of ferromagnetic elements take the dominant
position. After doping Ni, the magnetic moment becomes 0.37 uB at the doping concentration of 7.41 at%.
After doping Ti, the magnetic moment becomes 2.79 uB at a doping concentration of 33.3 at at%, after doping
V, the magnetic moment becomes 2.27 4B, and the degree of spin becomes weaker at a doping concentration of
11.1 at%. After doping Co, the magnetic moment becomes 1.81 uB at the doping concentration of 11.1 at%.
The magnetic moment becomes 1.5 uB after doping Ni at the doping concentration of 11.1 at%, which proves
that the spin-up d orbital has less electronic contribution to the magnetic moment. The energy band range of
each system is enlarged, and the interaction between atoms is enlarged, and the energy level splitting energy is
enlarged at the doping concentration of 11.1 at%, which indicates that the effective mass of the system becomes
smaller, the mobility of carriers turns stronger, and the metallization of materials grows stronger.

The optical properties of Ti, V, Co or Ni doped CrSi, with different concentrations are calculated and
analyzed, and the results show that the two-dimensional CrSi, after being doped has good optical properties.
For most of systems, their optical properties are improved and blue-shifted at the doping concentrations of
3.70 at% and 7.41 at%, but the absorption peak is red-shifted at the doping concentration of 11.1 at%. By
studying the properties of doped two-dimensional CrSi,, it is found that the two-dimensional CrSi, has excellent
electronic structure and optical properties, and the electronic structure, magnetic and optical properties of the
two-dimensional CrSi, can be effectively changed by doping. Two-dimensional CrSi, is expected to be a
promising material for preparing new high reliability and high stability spintronic devices, and the present

research provides an effective theoretical basis for developing the two-dimensional CrSi, based devices.

Keywords: two-dimensional CrSi, materials, electronic structure, magnetic properties, optical properties
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