#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 12 (2023) 123101

Te 23 —% InSe iAW EU N BFE A2 00"

wHER B FEHH AR T KERK

CEd A

(PHZHp s R2E e TR 5B, 9% 710121)

(2023 4£ 1 A 1 BkEI; 2023 4F 3 H 23 BYEIENH)

InSe 1 — R LR ) 4k SRR SRR, B 00 5 i fE 2= M B DL RS rp mT i 7 B, ARG B R 3
PR R 00 IS R SR T A BIFSE T, BRI 2 A (Vse) 1K B 1Y InSe 532 O, 43 5%, ¥ i InSe b4} I i,
T T 5 e A T A A U A N . AR SCEE T InSe FEFFHLIE, 328 TR (Te) BB 2200 %, H TR Iz
RIS ReE VR R 2 B 02 oR BRI X R R4 ZR L a5 4 L IR BT RE | B SN B AR ST AT, KB Te 824
A 3 I B 75 S ) TnSee B At 1) R, ) Bsf 1T 5 B Vise 77 A AR B I 45, 2 B Bl B M 1 . ELIRBIF 9T 45 1
WF: 1) Oy %7 F7E Te#5 2% InSe F 1M (InSe-Te) Y fif 2 fig 22 = 15 2.67 eV, i W H ELA B0 1Y $1 A Ak g 77 ;
2) Oy 4+ F 1 InSe-Te F Ifi £+ 3.87 AMYBE S, W% Bl AE LA —0.03 eV, W O, 43 T4 FHL I B 7 L 2p 22 3% 1
3) Te B2 AU T A1 R P A AL GE F1, R IR T BR T Vee 72 A2 Y BRI S . Z 9T 55 B B T i — 48 71

InSe —4EFHRL 7 01 I IR BEREE 1, HESh InSe — Ak &3 (T 7S F1 A JE.

KR InSe, A LE, B2%, T4
PACS: 31.15.es, 61.72.-y

1 3

BA 7250 2R B8 12 A 2
21 MR [ESAHEOR T BA B RET S bR L AR
Ry — T AL B R 25 A JZ2 IR BB, InSe BRIEARL 5
G PR BT A2 3z e 291 B InSe HAT AL
/N HL A U Bt (mig =0.20mg , Hi, mg
LR ) RN R Y i BR s )
TN i IE R AR L 10° em?/(V-s)P- 7. InSe H7 R
Bl J 2 45 S IR v AR AR TR, A4S 1.26 eV BYSRK
F) 2.11 eV AL B ARG HIE s, D)2 InSe
Al DIFERREE R TR B, BRER R S A —A>
A, BB (PL) ikt B A5 -5- 80 55 5
42 7, Balakrishnan 2% L0 §f} 57 % 3 — 4 InSefE 3
BEk A T ILR N AT AR AR 2= AR e 1k, SRS <
A ARG K2 T L AR, I B ) PR InSe

il

DOI: 10.7498/aps.72.20230004

BEAL R InyOg, XU InSe 25 7 # F4f# . Shi 45 1
WFFEIE 4T T InSe WYREMEHLIE, CH InSe A E
VT 2R TR AT 2 fofe, i 2 ke 5 480U N 215 il
RS Y JR AR AR, it — 2D R R LAY In—Se #E
ARTE, DT 38 S AC T R i

B 1k InSe FEA# , 763885 v ORHF R BORRE
P, 5B G RZ MO AT InSe /4. Nan 55012
T 3o SRR B R A B 5 2 InSe 1R E PE,
i HAE RS Pl AcE 3 BLL I Wang 45 03] $2
HIFXF L T MoTe,/InSe. 1554 /InSe . h-BN /InSe
= A4 = InSe AR E YERY S B 4514, &3 h-BN
B 5 B InSe 7025 VA BUFRITRE T, X SEHFT
BCR BIRAS InSe MRS E PEAT FIr e &, SRTIT IR M
HRA btk InSe FE5THRIE T B AR O ) 221

FURT, A ReE S PR AL B R, JER
BT AR R P E . Yang ¢4
1 T s R S LA R ST AR (AFM) FR%

N

* K A RRHERAS (IS 51302215, 62105260, 12004303) %% BRI L.

t BIEYEE. E-mail: miao9508301@163.com
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

123101-1


mailto:miao9508301@163.com
mailto:miao9508301@163.com

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 12 (2023)

123101

AR (NMR) R, RMffifezs 288 4 JB)5, 8
Te Y BP 3 b 0 50 W8 21 ™ 5 6 1 2515 0
YL Te 522 WEMH T BP W%, RN, i % &
B FRIEOINT Te $84:09/0)2 BP #H7 155
JEE HAh RS SO S 45 - —32. Rahman
A 0L LS R T — B S 7E SbySes WA 15
2 Te R va IRITALH SboSe, M 2 88 7825 Pk
AE A I — [ B ) SR . L 45 116 SR B — P SO
4 BB 2R (Ti/Pb IR B 4R) MoS, 177 12
PETE T U2 1 B08 B IEU/ N T it P R A ik

AT HT ARG InSe FEARALEE, #2115
(Te) Bifii482% (InSe-Te) M4, T M BIE S|
HL 1Y InSe [ fiff 0] B0, 38 5o 2 BE 12 sRFIEF 9T T
Te BB 7452 InSe 78 Oy P55 P AL
PR LTS5 R s

2 HEEA R ®
g il

ARSI R I HLZ InSe 4 x 4 8 et
64 NEF, ZSIRER P63/ mme, RIXFRMEN DF, .
wE 1(a) B, InSe 9 ff A 25 #9432 & Se-In-In-
Se WANDIAEA B B E — IR R )2, ZHEZ
(BRI AESOAE FLE AR EAE. In—In 5 In—Se
(REEGAk 4.04 AR 2.67 A, S HECH 4.06 A,

2.1

o In atom

O Se atom

1

(b)

Density of states/(electrons-eV—1)

53CHk [6, 17, 18] #iiE —F. 2 InSe M5
FHEAMATH Se 4p, In 5p, S A Se 4p, In 5s
BB (K 1(b)), 530k [18] 455 —3k. sk,
HALIG Oy 2 FHIEER S 1.23 AL SR 5 8
WIS 25 RARST, A LIVE R 5 2200 i FAE 58 1
FAil
HERG=*

A SO — VR IR R AR B TR T RS
(density function theory, DFT)02U ) VASP (Vie-
nna ab initio simulation package)?? X {F4L, &
T BB (generalized gradient approxima-
tion, GGA) T Perdew-Burke-Ernzerhof (PBE) {Z
PRI 3R HE - 28 40 OCHYZ bR 129200 32 S0~ i
% (projected augmented wave, PAW) J7ikH T4
IR B SE A L[] A AR BLAE 2O R
W2 B EsS >R H DET-D3 5 a4 R FE v 7 FL B3 A
HAFEF R, ST LRI AE S 450 eV, RERIEL
FIHE R 100 eV/A, TSR 0.02 eV /A, ikt
G A SN2 A EAE L, 7R R
JE 5 T IR R A 20 AR E S 2. A BLIH X R
41K Monkhorst-Pack B f#% 281 K S HUE R 2%
2x1 118 fiff ] CI-NEB (climbing-image nudged
elastic band ) J5 i FHA PR Z RIS ) fe )N
R PgE LA S A &, THR BRI T A e AL,

2.2

E — TDOS

60 -

30 F

—30+

—60 +

—— In 5s
20 -

10

—10F

—20F

—1 0 1 2 3
Energy/eV

(a) B2 InSe A L5H 15 (AR B RMIALIED); (b) $4)2 InSe 25 % i 5]

Fig. 1. (a) Crystal structure diagrams of InSe monolayer (top view and side view); (b) the calculated density of states of InSe monolayer.
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Fig. 2. (a) Crystal structure diagrams of InSe-Vse (top view and side view); (b) the calculated density of states of InSe-Vse.
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Fig. 3. (a) Crystal structure diagrams of InSe-Te (top view and side view); (b) the calculated density of states of InSe-Te.
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Fig. 5. (a) Crystal structure diagrams of InSe-Te/O, (top view and side view); (b) the calculated density of states of InSe-Te/O,.
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Fig. 8. Reaction pathway for an O, molecule to dissociate into two O atom on InSe-Te, including initial state (IS), transition state

(TS) and final state (F'S).
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Fig. 9. Reaction pathway for an O, molecule to dissociate into two O atom on (a) InSe-Te and (b) InSe-Vse, including initial state
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Abstract

InSe is a typical two-dimensional (2D) layered semiconductor material, which has excellent electrical
properties and moderate adjustable band gap. It is found that InSe has an attractive application prospect in
optoelectronic devices. However, some studies have shown that InSe in a single selenium vacancy (Vse) system
is easily degraded when exposed to the environment of O, molecule, which seriously affects the application of
InSe in the field of electronic devices. In order to improve the environmental stability of the material, the
substitution doping method of Te is proposed in this work. Density functional theory (DFT) is used to analyze
the electronic structure, adsorption energy, Bader charge and energy reaction paths of the different systems. It
is found that Te substitution doping can significantly improve the stability of InSe. At the same time, the
defect state produced by Vse can be eliminated. The specific research results are as follows. First, the
dissociation barrier of O, molecule on Te doped InSe surface (InSe—Te) is as high as 2.67 eV, indicating that
Te-doped InSe has a strong antioxidant capacity. Second, the distance between O, molecule and the surface of
InSe—Te is 3.87 A, and the adsorption energy is only ~0.03 eV, indicating that O, molecules are physically
adsorbed on the monolayer surface. Third, Te doping not only improves the antioxidant capacity of the InSe,
but also eliminates the defect state produced by Vse. Fourth, the Te-doping obviously eliminates the original
Vse defect state or impurity band. The density of states and band structure of Te-doped InSe are almost the
same as those of perfect InSe, which can maintain the stability of InSe structure and effectively reduce the
damage of oxidation environment to defective InSe monolayer. The results of this study will be helpful in
improving the environmental stability of InSe 2D material devices and promoting the research and development
of InSe 2D devices.
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