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Fig. 1. (a) Crystal structure of A,BX, compounds; (b)—(f) Chemical potential windows for 5 stable A,BX, compounds correspond-
ing to NbySiTe,, NbyGeTey, NbySiSey, NbySnTey and Ta,GeTey, respectively.
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Fig. 2. PBE calculated phonon dispersions for (a) Nb,SiSey, (b) NbySnTe, and (c¢) TayGeTe, under 0 K.
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p B B AE R THR, VBM T, A BN, 7R
AyBX, R ZE R, VBM SRIET A (7 FHES T d BB
5 XPAE R p PuE REEER, DL d PE 5.
HHETF Te, Se 5 Nb W #AEH T, VBM #ifE
B, B R p RS AN Sy
MAPbH X}, (X' = Cl/Br/I) 1, 24 X' il 125 C1 Y,
HIR VBM 1 s-p ROEEVE A5, H2 8k VBM
WK T, IR T s-p ST p HlLIEFE S VBM,
PRI p %93 fiE it X R P g B~ A R VBM 1Y fig it
PE. 7E AyBX, R Z W, VBM(d-p [ 8E) %
A BT d FuE sk, I X B Te 484 Se i,
H p BUIE PR 2 LAH d-p SOEHUE TR
2) X4 BT Si, Ge #| Sn ZE{LAF, VBM i # %
W7t e, CBM B ARE AN . WL BE B IR AT LA
BRI, VBM HFFHM 1 eV (NbySiTe,) HEAE] 1.5 eV
(NbySnTey,), 7~ H B B d-p /e B 5@ a0 . |7
BF, VBM Il H 10 3 00 2 ok i, B2
TSI HI T (NbySnTe,). 3) %fEE NbySiTe,
5 Tay,GeTe, KIL, J5#H) VBM HiE. ST BV
JCE AL (M Si 2] Ge) F1 A [ eE AL (M Nb
F| Ta) MO EFM. Ta BIFNTIZE 5 d FLIEERE R
T Nb ) 4d #iA.

F 1 ABXALGYENS SR E RS RE

Table 1.

Theoretical lattice constants and bandgaps of stable 4,BX, compounds.

AT B B (SCHkE) /A

W BRAY RS (CCHKAE) / eV

a b PBE HSE06
Nb,SiSe, 6.04 7.74 0.44 0.74
Nb,SiTe, 6.40 (6.301) 7.92 (7.901) 0.51 (0.51019)) 0.87 (0.80119), 0.84/11))
Nb,GeTe, 6.54 (6.4512%) 7.95 (7.9222)) 0.41 (0.41010)) 0.67 (0.63117, 0.66/11)
Nb,SnTe, 6.81 8.15 0.31 0.51
Tay,GeTe, 6.54 7.93 0.35 0.59
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Fig. 3. HSE06 calculated band structures for (a) Nb,SiSe,, (b) Nb,SiTey, (¢) NbyGeTe,, (d) NbySnTe, and (e) Ta,GeTey, respect-
ively. Lines represent for VBM (blue) and CBM (green) of Nb,SiTe,. Numbers indicate VBM(CBM) shifts compared with Nb,SiTe,.
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Fig. 5. PBE calculated band structures for A,BX; under 4+ 5% strain: (a) NbySiSes; (b) NbySiTey; (¢) NbyGeTey; (d) NbySnTey;
(e) TayGeTey; (£), (g), (h) VBM charge density maps of Nb,SiTe, under strains.

(a) NbySiSey; (b) NbySiTey; (c) NbyGeTey; (d) NbySnTey;
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Abstract

Two-dimensional (2D) niobium silicon telluride (Nb,SiTe,) was recently proposed as a promising candidate
in infrared detector, photoelectric conversion, polarized optical sensor and ferroelastic switching application due
to its narrow bandgap, long-term air stability, high carrier mobility, etc. However, the in-plane strains and
interfacial defects induced by the lattice misfits between functional layers are harmful to 2D heterojunction
nanodevice performance, making the crystal-lattice regulation and strain engineering necessary to achieve lattice
matching and strain-controllable interface. Here, using first-principles calculations and elemental substitutions,
i.e., replacing cations (anions) with elements in the same group of periodic table, we identify three new and
stable single-layer A,BX, analogues (Nb,SiSes, NbySnTe; and Ta,GeTe,) as appealing candidates in
manipulating the lattice parameters of Nb,SiTe,. The controllable lattice parameters are 6.04 A < a < 6.81 A
and 7.74 A < b < 8.15 A. Among them, Ta,GeTe, exhibits similar lattice parameters to Nb,SiTe, but smaller
bandgap, yielding better response in far-infrared region. Strain engineering shows that the external biaxial
tensile stress narrows the bandgaps of A,BX, due to the downshifting in energy of conduction band minimum
(CBM). External biaxial compressive stress induces valance band maximum (VBM) orbital inversion for
Nb,SiTey, NbyGeTe, and Tay,GeTey, which pushes up VBM and discontinues the trend of corresponding
bandgap increase. In this case, the bandgap change depends on the competition between energy upshifts of both
CBM and VBM. In the Nb,SiSe, and Nb,SnTe, cases, the d-p antibonding coupling in valance band is so strong
that no valance band inversion appears while the bandgap increases by ~0.3 eV under -5% compressive strain.
Regarding Nb,SiTe,, NbyGeTe, and TayGeTe,, their bandgaps can hardly change under -5% compressive strain,
indicating that the energy upshift in VBM equals that in CBM. Such a valance band inversion is attributed to
Te outmost p orbital overlapping, which introduces more dispersive VBM and smaller effective mass of hole.
Our findings suggest that Nb,SiTe, can be alloyed with Nb,SiSe,, NbySnTe, and Ta,GeTe, to achieve
controllable device lattice matching while maintaining its superior properties at the same time. The use of
external biaxial compressive stress can promote the hole diffusion and improve the device performance.

Keywords: Nb,SiTe,, elemental substitution, strain engineering, first-principles calculations
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