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T A D01 Ma 45 M BFY T FEA [ AL 22 35T AR
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Fig. 1. The MoSi2Ny supercell: (a) Side view; (b) top view; (¢) band structure; (d) bader charge transfer graph.

F 1 W VASP 713 MoSi,N, RN B4, WIEINE =, y, 2 TGRS EL o, b, ¢ RFRTE M Si—N # dy,

dy WIS (A); A BR B, K A BEBUEARS /3 BIRE AQi2 (eV)

Table 1.  The related parameters of MoSi,N, calculated by VASP, including the lattice parameters along z, y, z direction a,
b, ¢ and two different Si—N bond lengths d;s, dy (A); the bandgap E, and the spin-orbit split-off energy AQ12 (eV).

a, b/A dio/A dy/ A ¢/A AQ1,2/eV E,/eV VBM/CBM
Calculation 2.90 1.75 2.08 20.01 0.163 2.17 I''K
Ref. [30] 2.909 — — 20.00 0.172 2.208 /K
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g + 4 < AH (SigNy) = —8.63 eV, (2)
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3usi + Sumo < AH (SizMos) = —5.82 eV, (6)

Hrp, AH (SisNy) 2659 SigN, BB ks, ] 2
HABAEYIE IS RERIRS, SeRe AR I
#hFEATELR S1(online). FFA ML KS #5 T HSE
Z RS B 55 I F] MoSipN, #CF- i #145
T AR A
tmo + 2usi + 4dun = AH (MoSiaNy) .
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Fig. 2. The phase graph of MoSi,N,.
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3.3  MoSi,N, A {E &R A

7E (1) 2, Br TAROIERE T E, LAAMR T A 30
#AT LUE o DFT J7 ik B AAe 5. SR, HE
I E AR 4e M BHA R o2& — >+ 3 BT (0 0
RO B35 SR AT HLBR A FR G T T BB 1Y AT ik
LIS G A B AR S0 S, X R
FBEEARARY (jellium model), H HELIEFZIHH
Yy WOIE B2 AR BOL SR, XA AT
AEMRMA R IFANIE KR iR} 0 8 Jir S A
FTEE S TERX AR AL, 5 AR EL S o3
A FE 25 H T 2 5 1) ) ke g B H TR I MR 2
(] AR P A EL AR FH A 5 RSO A R i 1) 55 ,
M SECTREAIELET. fEd LIUER, 5512
I I T 45 T 7 VSR A TR A [ L 117.22:57-89) 2 [l
F| FN J7 i & 29k n ot 2 i it o7 & 52 48 O 56
RS B3040 AR R FN 5 R ARG IE

[SI<E=N

HBEE.

[t — e ARy, AN T o] 2255 285 # 4 IR
RF TRBRY M55 2 A0 25 3 2 i e i 1, (HAR
i Kosma 45 12 TR 2005, 3XFh 7 VA8 2 i e
PR, 7ESCHR [42] Hr, AR BRI T “RER B
R} (special vacuum size, SVS) J5 ik i1 HIE B
RE, MATATHA A RARIMRAE AR L i RE 23 B
HLAS RGN L. I, AE7E—A> s R,
B SVS, AT DARAIE A AT & 1E 1 588 B D) 1 12
BRE, R fd AT B T Pt AR A TE A
HIERRE 2. UL, TR ORAS TAE TR AR M,
ARSI R SVS Ji kR SiE FN J5 i py4s

TG, A SO — A/ N R TR A
FEIBRFA AT BLRE, I i i s JR RO H 5
T FN B IEMZE R T AL, DI e Rk s 20
JEEE (WLl S3 (online)). XT T 4x4 i@, 1HHA5H
() SVS J& 13 A, 3l A W] He A7 46 i, 7T LASRAS
b LAY SVS. Vy, BRFERY FN AL IET7 5 H SVS
KETTIE A R I AN 3 Frs, HARFP2SHE 1y
Res WLAR FTER BLE S2 (online). IEUN SVS 7k
T, 24 s R RS KT, M SVS Ty i Mkl 45
RE FN RN —3 (OMERN LS R R R E
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(1) FN A IE BRI & 8af). H g Ha i b 152 22 7
R, X i T AMETT MO T4 G s L $E, FN
ARG WA —E W2, (RN BBENE, 90%
DL _F Rl B B e AR E W) 5 80 (W3R S2 (online)),
XYGAIE T FN J5 ik B8 R A SO A 4518 1Y 7]
SEME. (EAEREN S, Kosma S ILA T e —
AMEB R, BAERZEUFI T, 4% MoSi,N, 1
RRTEWN, RAEIMIEA 2 R R R I 22, BAK HEEL
Al LATERN SRR B E] S5 (online) A F. ST I,
ASCH HN MR it FN RS B IE
ResE I A LA SEATELHE] S4(online).
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1E 2 J5 BRI, 7 3 (0 s 3R AR FIN &G IE B9 J5UAR B0 =
A (8 2R BER R MR M B, B B R R R i SVS
A BEAMIEZ S5 1 HER A, 554y vh P BB RE 1

Fig. 3. The Formation energies of different charge states
(denote as g, 2¢, —q, —2¢, respectively) in N-rich condition as
a function of the expansion multiple of the unit cell (de-
note as the reciprocal of the enlargement factor 1/a; a = 4,
6, 8) for VMo . Blue bars indicate the data after FN correc-
tion, while the orange circles mean data without FN correc-
tion. The orange lines represent the extrapolated functions
and orange dotted lines represent results of SVS prediction,

purple line is the neutral defect energy.

WAL, 5N R B RUAR L, SR FN &
TR AR o R, X — 25 52
Al h-BN H il TAE—20 24, HAh R BB il K i
WAL AN FEA BER S2 (online).

B4 JBR TSR SRASMNT, W Reksh
KEEHK By ZALMN oL, Forf B 25 0 A8 A
1 VBM—CBM Z[a]. W& 4 fi7s, Mog; BBk FE5H
A/MOTERE, 8 R SRR TRACh R
BB, SR, HhF 7RSS oK A 3 N O i Ag
EABIREIK (21 2 eV), Mog; BRI AR IRARAE.

AN, 3 Ep > 0.16 eV i}, Mog; SR FEH 2 BATERR
PE. 421 0 A8 BB I (charge translation
level, CTL) HH¥FE Fp = 0.16 eV &b. B Mog; Fkt
Fa 2 BRAS 1Y n B2 PR o, 3K 5 3 AR — 2K
B4 I AR 4 8 7 i) TR B n BB
AN . B Mog; HY Bl 5 45052 285 %% T R 56 4
AR A FE YRS L WA SERTRHE S6 (online). B
TR, L5800 n BUSRBEANAES R = 07, T 4
JERALY) (transition-metal dichalcogenide, TMD)
BB 10941, A 2 A
(BABRRKMIEGE), X REH T MoSi,N, A 1)
Do s —— ARGk BT L RE &, B FE AN 5 AR . BR
Sintes Vg Fll Vg BREESN, HARBEE 2 p AL, i
A BRI ZRE 80N (BLAE PR B0 1) K1 E 2%
KAEHAE B E] (29 1.05 eV), FEA BRI AE
PEBT, SCT KBRS0 5 S A E . SR,
THR PO A AR RIS SE IR 25 /AR T ), 9280k
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7N BNRL, LT e AR RE R TR 4% I 2 I RE B 2 e 4T b

Fig. 4. Formation energies of each intrinsic defect in
MoSi,N, as a function of Fermi energy relative to the
valence band maximum (VBM), in (a) N rich and (b) N
poor condition. The transition levels lie where the slopes of

lines change.
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Fig. 5. Concentrations of electrons (n,), holes (n,) and defects in MoSi;N, as a function of temperature T in equilibrium condition in

(a) N-rich (b) N-poor environments respectively and in the presence of a fixed concentration of Vs; =6 x 10 cm™3 in (c) N-rich

and (d) N-poor environments.
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Abstract

MoSi,N, is an emergent two-dimensional (2D) material, which has received much attention because of its
excellent performance over semiconductors, including excellent environmental stability and high carrier
mobility. However, the formation of intrinsic defects in semiconductors is often inevitable and can significantly
affect device performance. By using density functional theory (DFT), we analyze the properties and effects of
intrinsic point defects in MoSi,N,. We first confirm the consistency of our results with current experimental
data. After that, the formation energy values of twelve native defects reveal that the antisite defect of
molybdenum substituting for silicon (Mog;) defect dominates in all intrinsic defects. Under the constraint of
overall charge neutrality, self-consistent Fermi level calculations reveal that MoSi,N, with only intrinsic defects
exhibits intrinsic characteristics, highlighting its potential as a semiconductor device material. However, this
intrinsic nature contradicts the p-type characteristics observed in two-dimensional MoSi,N,. In the subsequent
defect concentrations, we find that both n-type and p-type behavior can be easily realized by doping
appropriate impurities without being compensated by native defects. This suggests that the p-type
characteristics of MoSi,N, during growth may result from p-type impurities introduced under non-equilibrium
growth conditions or silicon vacancy defects. Our findings not only demonstrate the potential applications of
MoSi,N, in semiconductor devices but also provide valuable guidance for future studying the defect mechanisms

of this material.

Keywords: density functional theory, intrinsic defects, charged defects energy correction, 2-dimensional

materials
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