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Fig. 1. (a) Top view (left) and side view (right) of monolayer NbSi,N,, and the spin density distribution is represented in yellow;
(b) energy band structure and density of states of monolayer NbSi,N,; without considering spin polarization; (c¢) phonon spectra of
monolayer NbSi,Ny; (d) the change of total energy of the system under the molecular dynamics simulation of temperature 300 K

and duration 10 ps; (e) energy band structure and density of states of monolayer NbSi,N, considering spin polarization.
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Fig. 2. (a) Variation of energy difference between ferromagnetic and nonmagnetic states of monolayer NbSi,N, with electron tem-

perature; (b) the phonon spectrum of monolayer NbSi,N, at 2% strain; (¢) the phonon spectrum of monolayer NbSi,N, at 6% strain.
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Fig. 3. (a) Energy difference between antiferromagnetic state, ferromagnetic state and non-magnetic state of monolayer NbSi,N,

with strain; (b) magnetic moment of monolayer NbSi,N, with strain; (¢) MAE with strain; (d) contribution of orbital magnetic mo-

ment and spin magnetic moment of Nb atom to MAE under different strains.
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Fig. 4. (a) Fractional density of states of monolayer NbSi,N,. (b)—(e) The density of state of monolayer NbSi,N, under different

strains. (f) DFT calculation curve of the energy difference between the FM state and the NM state change with the magnetic mo-

ment, the energy of the NM state is set to 0 meV.
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f 2 A8 Sy Jmy AR /IMEL; TS M = 0.5up B, AE %
ARy 4 JRy e /IME, R HLUZE NbSi,N, 78 2% W 242 ff
L&A NM B FM 548, M0 488 6% i, M = 0
AR R/ IMEL, A FM 7Efig e FRfREny. ik
A, Bt AR I BB 1) B/ IMEL RS2 FAIG, D BH
BN — R R ) A AT LA SO FM A R

EPE.

it fe /b A A S (8) TR BIFE 0%,
2% F1 6% ARt ZREL ay 439N 4.029, 23.332 Fl
-70.923 meV, X B N(Ep)x Is 73514 0.99, 1.06
1127, XRBTE 0% D AR I DL T H i
TRENE; 78 2% RiAERT, N(Bp)x I W KT 1, XF R
FM-NM ﬁ‘fﬂ‘rﬁ’all Bt R AE 6% NAZRE, N(Ep)x I
iKE] 1.27, FM B RGE. LIRUAZR 5K 3(a)
oS — PR RO — 3, UESE T 2 NDbSipN,

as < 0.

(9 FM HAT M TR A

3.4 B NbSi,N, HIEERE

JE LR B T & 2R REPE AR I O B I
—. TP EE A S A T Zlijdﬁﬁﬁﬁ?
(SRR (O S = W7 N [ DA A A =
NbSi,N, 1 Te. MC BkiEd S H Mc_solver
SR, AR T H A — 4B R T BT
W, 42 FeTe,  HUZ FeSi,, Fe 5 Co 841 WS,
BT 1833040 g ARAH S IR Al 2R N
H:ZijJSiSj—i—ZiD 57)°
Horp, S oMK% A i kb Nb B F1 A e, JARE &L
< Nb B 7 [H] (eSS E W 4L, D 2 B 7wk
mSEERES AL (10) A h TR SEE T 2 —
PRI A 5. X F L2 NbSipNy, B S = 1/2,
J = (Epm — Eapm)/(45?), D = MAE/S%. K [A] v A8
TFXFRLE TR D AN 1 PR, R A R
L.

(12)

R 1 TEARRNAET SR J & S48 D
Table 1.  Exchange constant J and anisotropy parameter
D under different strains.

N /% 2 3 4 5 6

J/meV 2.430 -5.625 -8.767 12.109 16.753

D/meV  1.224 -0.248 0.388 0.596 0.468
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Fig. 5. (a) Variation of Curie temperature under different strains; (b), (c) variation of magnetic moment and susceptibility with

Curie temperature under 2% and 6% strain.
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Abstract

The effective control of two-dimensional material magnetism is a frontier research field. In this work, the
influences of in-plane biaxial tension strain on the electronic structure, magnetic properties, and Curie
temperature of monolayer NbSi,N, are investigated by first-principles calculations based on density functional
theory and Monte Carlo simulations in the frame of the Heisenberg model. We demonstrate that the monolayer
NbSiy,N, has favorable dynamic and thermal stability through the phonon spectral calculations and ab initio
molecular dynamics simulations. It is found that the intrinsic monolayer NbSi,N, is a non-magnetic metal,
which can be transformed into a ferromagnetic metal by 1.5% tensile strain. The electronic structure analysis of
monolayer NbSi,N, shows that the ferromagnetism induced by tensile strain is caused by traveling electrons.
There is a half-full band at the monolayer NbSi,N, Fermi level, which is mainly contributed by the dz? orbital
of the Nb atom. When there is no additional strain, the band is spin-degenerate. Tensile strain can make this
band more localized, which leads to Stoner instability, resulting in the ferromagnetic ordering of monolayer
NbSi,N, traveling electrons. The stability of the ferromagnetic coupling is enhanced with the increase of the
strain degree. The calculation results of the magnetic anisotropy energy show that the strain can make the
direction of the easy magnetization axis of the monolayer NbSi,N, reverse from the vertical direction to the in-
plane, and then back to the vertical direction. Furthermore, the strain can significantly increase the Curie
temperature of monolayer NbSi,N,. The Curie temperature of monolayer NbSi,N, is 18 K at 2% strain and
87.5 K at 6% strain, which is 386% higher than that at 2% strain. Strain engineering can effectively control the
magnetic ground state and Curie temperature of single-layer NbSi;N,. The research results are expected to
promote the development of MA,Z, materials in the field of mechanical sensing device design and low-

temperature magnetic refrigeration.
Keywords: two dimensional material, first-principle, magnetism, strain
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