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Fig. 1. (a) Structure of SiH3SGeH; molecule; (b) top and side views of the optimized structure of SiGeS, where the dashed rect-

angle represents the unit cell; (c) phono spectrum of SiGeS; (d) total energy evolution of SiGeS at 1000 K and the snapshot of the

structure after 10 ps.
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Fig. 2. (a) Young’s modulus and (b) Poisson’s ratio of SiGeS.
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Fig. 3. (a) Structure evolution of monolayer SiGeS under tensile strain along z. The applied strain and the structure evolution are

marked by blue solid and purple dashed arrows, respectively; mechanical response of SiGeS under the strain along (b) z and (c) .
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Fig. 4. (a) Electronic structure, PDOS and (b) ELF profile of SiGeS.

KAF, Horh B(k) SN T R k fRESR. T AR
Co (Cy) MBI AR C, =1/S0 - PE/on* k1%, I
T EONIAR BRER, S WANMEE AR, g At
Iy L A R AR R B B =dV /Ay, VR
CBM 1 VBM 7ENAE n T B . TR 455
PIHNtEaR 1 h, sl T AT SiGeS I o 7 AT
TAHRTE N 0.87my, 25 XA RUTE N 11.12m;
Wy 5 W LA U 1.10myg, 25 7K A AL
JiiEA 2.53mg. MeAk, AT SiGeS LT (2570) 1Y
WASEHRCH By, = 9.02 eV, By, = 9.80 eV(E), =
0.95 eV, By, = 5.84 eV). SiGeS £ z J5Ta] LAY AN
B4 89.73 N/m, 7E y J7Ia] EEIANIE A 63.09 N /m.
B JETHE A9 SiGeS M o J7 M B HL iR 3
22.24 cm?/(V-s), 25 5k B K R 3.02 cm?/(V-s);
Wy I FEREN 1541 cm?/(V-s), 25X
TR N 6.38 cm?/(V-s). ZEE B T1ESLH 2
HAEY 2D NbSe, F1 MoS, HZk i T (0.5
Al 3 em?/ (V) b, oL BYEERE 2 Ry 25 7
Bofis, Bt SiGeS A H] T4 B A L2587 OHT

1 SiGeS WA BT m', AR AL ||, TR
BE Cop M FiE %

Table 1.  Effective mass m’, deformation potential con-
stant |E|, in-plane stiffness Cyp, and carrier mobility x4 of

SiGeS.

.. Carrier ; |E1l/  Cyp/ u/
Direction type m’/my oV (NmY) (emV s
Electron  0.87 9.02 22.24
89.73
Hole 11.12 0.95 3.02
Electron  1.10 9.80 15.41
y 63.09
Hole 2.53 5.84 6.38
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Abstract

Two-dimensional (2D) materials have aroused tremendous interest due to their great potential applications
in electronic, optical, and mechanical devices. We theoretically design a new 2D material SiGeS by regularly
arranging the Si-S-Ge skeleton of SiH;SGeHs;. Based on first-principles calculation, the structure, stability,
electronic properties, mechanical properties, and optical properties of SiGeS are systematically investigated.
Monolayer SiGeS is found to be energetically, dynamically, and thermally stable. Remarkably, the SiGeS
displays a unique negative Poisson’s ratio. Besides, the SiGeS is an indirect-semiconductor with a band gap of
1.95 eV. The band gap can be modulated effectively by applying external strains. An indirect-to-direct band
gap transition can be observed when the tensile strain along the z axial or biaxial direction is greater than +3%,
which is highly desirable for applications in optical and semiconductor technology. Moreover, pristine SiGeS has
a high absorption coefficient (~10° cm!) in a visible-to-ultraviolet region. Under tensile strain along the z axial
direction, the absorption edge of SiGeS has a red shift, which makes it cover the whole region of solar spectrum.
These intriguing properties make the SiGeS a competitive multifunctional material for nanomechanic and

optoelectronic applications.

Keywords: first-principle, two-dimensional material, negative Poisson’s ratio, optical properties
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