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Fig. 1. Structure of transition metal atom X (X = Mn, Tc,

n O
O

Re) doped two-dimensional WS, (the gray, purple, and yel-
low balls denote W, X and S atoms, respectively): (a) Top

view; (b) side view.

3 #ER53b
3.1 ZEHMEREHE

2H 1 WS, i S-W-S = J& 78 J22 3 B 1 b,
ZX[AIRER P63/ mme JFEA 1.3 eV BYEHEAT . 5
T2 (A1 B S RS S — i, I E
i) 38 o Y A B H M AR AR . SRS A 20
HH WS, 18 A 5205 —FE 5 R B LT AR JZ WS,
FH T SO B PR A, HZs IR Ao Pm2, H
WL AR R 1.81 eV W E I IR . 2 15 TR
BIS5BI T WS, KRGS EE o (a =
b) , BREF XM S JEFZ R BHK dyg, W
FHREBIIAT X LSBT S B (8] A0 5 A
Osx.g, VA JIBA% WS, IR RAE S-rich (FiTTENZ
HOuE) M W-rich (BITERIZHOTR) FMHTH
TEHEE B, B 1 HARR T dyg Ml 05 xg. 3T

127301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 12 (2022) 127301

1 KB BRTHE WS, WIKREAE TR o (a = b) K dyg B 05 g VLEIRRTE S-rich 1 W-rich

%{#‘F E(]ﬂ:/; ﬁ‘j ﬁ}-ﬁ’» Eforln

Table 1.  Optimized lattice constants a (a = b), bond lengths dy.g , bond angles 0y v , and formation energies Ei,,,, of the

system under S-rich and W-rich conditions for the undoped and doped two-dimensional WS, systems.

N ° Eform/ev
PR FR AL a=b/A dys/A Os.x.s/(°) - -
S-rich ‘W-rich
ESZ S 3.182 2.416(dy.) 82.351(0s.w.s) — —
Mnis 24 3.173 2.319 82.445 0.662 1.810
TcB4 3.187 2.398 82.879 -1.292 1.180
RefBZt 3.191 2.399 82.916 -0.668 1.804
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Table 2. Total magnetic moments M, the local
magnetic moments My of TM atom X, the local mag-
netic moments Mg of nearest S atom to TM atom X
and the local magnetic moments My of nearest W
atom to TM atom X for undoped and doped two-di-
mensional WS, systems.

WREE Mo/ng  My/wg  Ms/ug  My/pg
Fips — _ — _
MniB7% 1.001 1.087 0.006 0.010
Tcibd: — — — —

Rets — — — —
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Table 3.

spin-down channel Egi , the magnetic and electronic

Band gaps in the spin-up channel Eg ,

properties.
HREEM  El eV Bl eV HifEE PHUSE
KB 1.813 1.813  dEfEME R SRS
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Fig. 2. Energy band structures (The red lines indicate spin-up electron energy band, the blue lines indicate spin-down electron en-

ergy band, the green horizontal dashed lines represent zero value of Fermi energy level Ep): (a) Two-dimensional WS,; (b) Mn

doped; (¢) Tc doped; (d) Re doped.
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Fig. 3. The TDOSs and PDOSs: (a) Two-dimensional WS,; (b) Mn doped; (¢) Tc doped; (d) Re doped.
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Chen Rong  Wang Yuan-Fan  Wang Yi-Xin Liang Qian  Xie Quan'

(Institute of Advanced Optoelectronic Materials and Technology, College of Big Data and
Information Engineering, Guizhou University, Guiyang 550025, China)

( Received 30 December 2021; revised manuscript received 4 February 2022 )

Abstract

Spintronics is a particularly hot topic in recent years, which has aroused much attention. The spin freedom
of electrons can be used to construct logic devices and memory devices. Generally, the most important
spintronic properties are found in half-metal ferromagnets, which are considered as the ideal materials for
building spintronic devices due to their ability to provide fully spin-polarised conduction electrons. Numerous
experimental data and theoretical studies have confirmed that the intercalation, doping and adsorption of
transition metal atoms can induce magnetic properties in two-dimensional WS, material. Therefore, half-metal
ferromagnets formed by doping WS, play an important role in the field of spintronics. In this paper, we
investigate the electronic structure, magnetic and optical properties of the WS, doped with transition metal
atoms X (X = Mn, Tec, Re) by the first-principles plane wave method based on density functional theory. The
results show that the WS, system doped with transition metal atoms X is more stable under S-rich condition
than under W-rich condition. Especially, the WS, system doped with Tc¢ has a minimum value of formation
energy of —1.292 eV under S-rich condition. After doping with Mn, impurity levels appear in the spin-up
channels, resulting in the WS, system changing from a non-magnetic semiconductor to half-metal ferromagnet
with a magnetic moment of 1.001 pg. Moreover, in the Mn-doped system, the densities of states are asymmetric
in the spin-up channel and the spin-down channel. After being doped with Tc and Re, the systems are
transformed into non-magnetic N-type semiconductors, and the densities of states in spin-up and spin-down
channels are symmetric in Tc doping system and Re doping system. Whereafter, the spin orbit splitting of the
impurity states near the Fermi level Ep decreases successively from Mn to Re doped WS, systems. Compared
with the undoped two-dimensional WS,, the transition metal atoms X doped WS, systems show that all doped
systems not only have a significant red shift of optical absorption edges but also enhance peak value in infrared
and visible light region, implying that the transition metal atoms X doped WS, systems have great application
prospects in infrared and visible light detection. We hope that thepresent study of two-dimensional WS, will

provide useful theoretical guidance for future experiments to explore low-dimensional spintronic materials.

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