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Abstract

In this paper, four defective heterostructures composed of Janus MoSSe and Graphene vertical
stacking are constructed. The effect of the applied electric field on the electronic properties of the
Janus MoSSe/Grahene heterostructure under vacancy defects is studied by the first-principles
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calculation method based on density functional theory. It is found that the SMoSe/Graphene hete-
rostructure under the S vacancy defect can change its doping type under the action of electric field,
and the maximum n-type doping density of 1.176 x 1013 cm~2 can be reached. The S and Se vacancy
defect structures of SeMoS/Graphene can reach the carrier doping density of 1.488 x 1013 cm-2
and 1.555 x 1013 cm~2 respectively under the action of electric field, and the application of the op-
posite electric field can completely inhibit the generation of doping.
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2004 4F, FAARMERINTESEI S R R R, S4EM R DLARER L T(1]. (2] R3]
JAEC TN R RO H bR VF2 R Z4EAR e S g sl il &, Bl an SR i4]. BERE(S].
& JBERALYI[6] (transition metal dichalcogenides, TMDs)%5. - 4EAT Rl A AT DS B AH I B HE S 0 4 7
JREER o IR SR A5 B 2 MR IR A R . Ik, T4E Janus MPRHIONEE, 7EIET
VR B 0 T 4EAR B TR RGO TR SRR . Ferh JanusTMDs R H S 5 45 A8 AE A R
(71, JeMEAL S K[8] [9] [10] [11], GKE -T2 [12] [13] [14], SARERKER[15][16], KPHAEHM[17]1%
S R TR N AT . FIRE, FESREG b, 4ERDRHE TS A R TR KR, fEAESEIRTT
SR 3 R R AIE 65 44 25 EAT L MR IR 20 BT AS A2 DAL 72 /1] 8 4R RHT ATt B — SeSEBRE B . %
J DA B -2 B 2 P R AR ) 25 1 7= AR, d e B T AR S B A 10 5 2 B I SR I S e R AR A
8T S5 (1) ) 28 I NAZ VR I S ) R RN, SIee b R P R ARl — M R ME LRI, 3 5 AN ]
RIS S AR AL A5 — M R EH DS uar R Reie i S SL e il /1 hik, FHEA R
g AT SE Pk AT DLVE N TN SRR 0 TR [18]. 7E Janus iy & @R B bW b L 57 R 45 K i T e 4 SR,
FHOR 723 A e b T2 42 1) AR R AT A H o A SO TAERERT BTG FHR AN HE N B AT, B
TERETE Ny —4E Janus MoSSe 720G T FYPPK T8 R B P it — 2 IR 48 T o X Z4EpDRLit n 2
L7 1 (4 FL g R 2 4R AR SRR ) — M 7k . RERIME AR R LA, JE BT A ) L
RE B A IR 1 9 2 1) 1) ey i B8, SEIL U 4% )25 1) 1) P s A B S PR o . AEAR SRR, A i )
Graphene JKF v HE (A7 B 38 5 2 7T LLEEAT % 1, Deng 25 A\ 38 i4038 /2 18] #H 25 FILE 2 J7 181t n #h i B 3
KSR e HE I B, % Graphene FIZRIR T 45 22 % 191, Wang 55 N\ i jti i X0 Gl 2 AR 75 S
SSRGS FABOREE T A B ISR IR EE[20].
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£ MaterialStudio 2 LA f Vesta AT AL B AT Fh kAT 7 ot A5 A B A i d g, 3 AR R 303 )5 5 T~ VASP
AT S — R B, BN RUR A R T RE T R B I B N I I (PAW) I R A 77421,
FL T I A 0 AH 502 B SR T SUBE BE I (GG A) UL T ) Perdue-Burke-Ernzerhof (PBE)Z B Sk & /8 [22]. TERET
WCSAPEIR S, -1 T T R B N 500 eVe P S5 f e et iR e, € T A TR RE R AR
T R T 2 AR R W SOhRAE 2y I 8 X 1077 eV AT 107 eV/A. o 1 W I8 B It 34 dg ) — 4kt Rl
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Figure 1. Janus MoSSe/Graphene heterostructure model with vacancy defects
B 1. & AIERFEAY Janus MoSSe/Graphene 5 FR45 iR RY

Table 1. Contains the Mo-S bond length and Mo-Se bond length, layer spacing and binding energy in the vicinity of the va-
cancy defect heterostructure

* 1. BEEES REEP, SOIEPEMIAA Mo-S $24KF1 Mo-Se 81, RR4EMEBEEMLE S

SELER Mo-S ##:(A) Mo-S ##£(A) JEIFEE(A) ZiffeeV)
SMoSe-Vs/Graphene 2.43 2.51 3.53 —2.93
SMoSeVSe/Graphene 2.40 2.56 3.54 -2.58
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SeMoS-Vs/Graphene 2.43 2.51 3.41 —2.86

SeMoS-Vs/Graphene 2.40 2.56 3.44 -2.67
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Figure 2. (a) SMoSe_Vs/Graphene and (b) SMoSe_Vse/Graphene heterogeneous band plots under applied electric fields
(E=-0.6,-0.4,-0.2,0.2, 0.4, 0.6 V/A)
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Figure 3. Bands of (a) SeMoS_Vs/Graphene and (b) SeMoS_Vse/Graphene heterostructures under applied electric fields
(E=-0.6,-0.4,-0.2,0.2, 0.4, 0.6 V/A)
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Figure 4. Charge carrier doping density of a heterostructure with vacancy defects in an applied electric field (E = —0.6, —0.4,
-0.2,0.2,0.4,0.6 V/A)
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