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Fig. 1. (a) Top and side views of GaN monolayer atomic structure; (b) band structure and DOS of GaN monolayer; (c) top and side

views of 1T-VSe, monolayer atomic structure; (d) band structure of 1T-VSe, monolayer, in which the black solid line and dotted

line represent the electronic a-spin and [(-spin band structure, respectively.

Sl I (CBM) 43 H BETE i % R A FLH X
HOKHGE T B, SRR GaN 2\ 3 Bk &
i, HAFBR 2.25 eV, JEH H23E LLRT A TR 45
2.24 eVI® 1 2.19 eVI¥L 5] 1(b) LB GaN H1JZ
A (DOS), WTLIEEE 2, 7ETOKRRER I,
GaN iy EEH N T orik, M3l Ga & N
JRF I [F Tk, 1T-VSe, B2 B JEF-E54 a0 1(c)
FoR, BAREREH 3 MKRIE T Z M ) = WG 45
¥y, FIEATFEEE Se J7 T, HlELE V ET, Hp
L %) M B B 3.347 A, X5 S0k [50, 517 R
FEEAE 3.344 AFNSEEGE 3.356 AM—2. & 1(d)
I 1T-VSe, WIRET 4544, A] LLE i 1T-VSey
wlE, JF BT R 2L, RWNIZ AT BA ik,
XA 5 Z BT AR A 2L

¥ 1x1 B9 GaN HUjfl 5 1x1 /) 1T-VSe, H.ff
B, M GaN/1T-VSe, 5 R 45 ¥, hy 1 ket
GaN JZ 52 BRI AR A9 520, 760 Ak A8 ol I
[ 22, AN 1T-VSey FLZ AN AR, - 15 28 %7 i A%
A N AR R TR P B e™ = (11 + 22 +€12)/3
TGRS, Hoerr, e e 0 FRR — 4E N AR 5K
SRR S5, TR BT B b 2 % AR AT R/

MIZAE T, GaN/1T-VSe, 5 45 s R il 51
() fi RSP A 24 kA8 N 2.21%, 12K 2 I A8
SERI I FZ AR /N, T4 B FR S 11 S5 I 4 R K
S 3.23 AL HRAE WA B ) ST R R, AEAA
U ST, ZIE T 5 FANFE R HES =, DL GaN
2B N JFEF515 1T-VSe, 2 V F T, FJZ Se
J5F . T2 Se 5T, V—Se #r[a] L) Bz 23 i %l 5,
IAC N S1—S5, WK 2(a)—(e) Fran. X 45 —Fhifk
Zora, TR RS RE R 2 MR AR Ak, R B R KEE
AR, 5 R ES O XA R AKRE & W AEXTE AE
W 2(f), £ XLAHAE = E(X) - E(V), P E(X)
RS T AR RE I, E (V)R N JEFIE
XtV EFI A EARAE E, B S1 3 B i B (R e i
ME 2(f) FTLAE Y, S1 HEERT, AE /)N, X HE T
W] 5 FpifES b, S1HES I Xy e B4 e e,
T TR X R A5 R AR H 1
S N A A A PR AL

S1 HEBIY WL 5 a2, S AR RE 2 % I 114 22 [A]
Hih 3.06 A, 41K 3(a) B, BARXAHEEIHE K
TR AHAR R A e AR N, PRI FRATT
BETT I 254 2 E B 1T Al B e Y 18 L 30

167101-3



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 16 (2023)

167101

S

v

4
", -

N

AE/eV

S1 S2 S3 S4 S5

4 L,// L 4

2 GaN 5 1T-VSe, BJZ I 57 B s A [ HE B 05 30, GaN JZ B9 N 20 5% 55 1T-VSe, JEHY (a) VT, (b) £JZ Se J& T,
(¢) FJZ Se J5¥, (d) V-Se #rh ], LUK (e) 254, FFich S1—S5. (f) 5 FhfkZ )y X i B (K B AR AE

Fig. 2. Different stacking configurations for GaN and 1T-VSe, monolayers integrated to form heterojunctions. The N atom in top

GaN layer is just aligned with the (a) V atom, (b) upper Se atoms, (c) lower Se atom, (d) middle of V—Se bond, and (e) hollow

site in bottom 1T-VSe, layer, which are marked as S1—S5, respectively. (f) Relative value of the lowest energy AE, for five stack-

ing configurations.
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Fig. 3. (a) Top and side views for intrinsic heterojunction S1; (b) top and side views for heterojunction S1 after quenching treat-

ment; (c) band structure and DOS of the heterojunction S1, red and black lines denote the respective contribution of GaN and 1T-

VSe, monolayers to the energy band structure, the gray part indicates the total density of states, and the red part indicates the

PDOS of GaN; (d) the average electrostatic potential and space charge density difference in the vertical direction of heterojunction

S1, where cyan represents the loss of electrons, and purple represents the gain of electrons, the isosurface is set to 0.001 e-A3.
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Fig. 5. Detailed variation of energy band structure for heterojunction S1 with the layer spacing, where black represents the contri-

bution of 1T-VSe, layer, orange denotes the contribution of GaN layer, and the upper and lower two boxes around the Fermi level

indicate @5, and @y, respectively.
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Fig. 6. External electric field effects: (a) Schematic diagram of applying external electric field for heterojunction S1; (b) Schottky
barrier height @5, and @, and the band gap E, of GaN monolayer versus external electric field.
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level indicate @y, and Py, respectively.
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ate @, and Py, respectively.
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Abstract

Reducing the Schottky barrier at the metal-semiconductor interface and achieving Ohmic contacts are very
important for developing high-performance Schottky field-effect devices. Based on the fact that GaN and 1T-
VSe, monolayers have been successfully prepared experimentally, we theoretically construct a GaN/1T-VSe,
heterojunction model and investigate its stability, Schottky barrier property and its modulation effects by using
first-principle method. The calculated formation energy and the molecular dynamics simulations show that the
constructed heterojunction is very stable, meaning that it can be realized experimentally. The intrinsic
heterojunction holds a p-type Schottky contact and always keeps the same p-type Schottky contact when tensile
or compressive strain is applied. But when the external electric field is applied, the situation is different. For
example, a higher forward electric field can cause the heterojunction to change from a Schottky contact into an
Ohmic contact, and a higher reverse electric field can lead to a variation from a p-type Schottky contact to an
n-type Schottky contact. In particular, by implementing chemical doping, the transition from Schottky contact
to Ohmic contact can be achieved more easily for the heterojunction. For example, the introduction of B atom
enables the GaN/1T-VSe, heterojunction to realize a typical Ohmic contact, while for C and F atom doping,
the GaN/1T-VSe, heterojunction can achieve a quasi-Ohmic contact. These studies provide a theoretical
reference for the practical application of the suggested heterojunction, and are of very important in designing

novel high-performance nano-scale electronic devices.

Keywords: van der Waals heterojunction, Schottky barrier, Ohmic contact, physical regulation, chemical

doping

PACS: 71.15.Mb, 71.20.-b, 79.60.Jv, 73.30.4+y DOI: 10.7498 /aps.72.20230191

* Project supported by the National Natural Science Foundation of China (Grant No. 61771076), the Natural Science
Foundation of Hunan Province, China (Grant No. 2021JJ30733), and the Scientific Research Innovation Foundation for
Postgraduate of Changsha University of Science and Technology, China (Grant No. CXCLY2022146).

1 Corresponding author. E-mail: csustjxt@163.com

1 Corresponding author. E-mail: zhzhang@csust.edu.cn

167101-12


mailto:csustjxt@163.com
mailto:csustjxt@163.com
mailto:zhzhang@csust.edu.cn
mailto:zhzhang@csust.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

GaN/VSe, 58 FLE- 17 J 45 oB Eep A2 S YR 24 L

ARE FEE RDNE ORERE

Electrical contact characteristics and regulatory effects of GaN/VSe, van der Waals heterojunction
Tang Jia-Xin ~ LiZhan-Hai  Deng Xiao-Qing  Zhang Zhen-Hua

2| FI{& B Citation: Acta Physica Sinica, 72, 167101 (2023) DOI: 10.7498/aps.72.20230191

TEZL T View online: https:/doi.org/10.7498/aps.72.20230191
I 2R View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in

L 5 X% graphene/InSe i 78 FLH- 7 57 T 45 1 k34 22 1 4
Tuning Schottky barrier in graphene/InSe van der Waals heterostructures by electric field

WIFRE4. 2020, 69(15): 157302 https://doi.org/10.7498/aps.69.20191987

As/HES L f FLH- 45 A4S HL e et B 1 I R
Electronic and optical properties and quantum tuning effects of As/Hfs, van der Waals heterostructure

PrPReEd. 2022, 71(17): 177304 https://doi.org/10.7498/aps.71.20220371

CuPe/MoS, YU f8 bL Bt 57 B 45 9t

Photoluminescence properties of CuPc/MoS, van der Waals heterostructure

Y27, 2022, 71(12): 128103  https://doi.org/10.7498/aps.71.20220132

AN RIS P T AR E T G HL R PR A4 25— PSR BRI T

A first—principles study on environmental stability and optoelectronic properties of bismuth oxychloride/ cesium lead chloride van der

Waals heterojunctions

YrH2E 4. 2022, 71(19): 197901  https://doi.org/10.7498/aps.71.20220544

FEXSFREAIB X A1 s M/ — RS 57 2 o R S A i A £

Regulation and control of Schottky barrier in graphene/MoSe, heteojuinction by asymmetric oxygen doping

YIBR2A4R. 2022, 71(1): 017104  https://doi.org/10.7498/aps.71.20210238

I8 1 P BlueP/ X Te,, (X = Mo, WS 78 FLH- 7 57 54 i 451 BOLA P R Be ik 72
Tunable electronic structure and optical properties of BlueP/X Te, (X = Mo, W) van der Waals heterostructures by strain

YIBR2AHR. 2021, 70(6): 067101  https://doi.org/10.7498/aps.70.20201728


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230191
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191987
https://doi.org/10.7498/aps.71.20220371
https://doi.org/10.7498/aps.71.20220132
https://doi.org/10.7498/aps.71.20220544
https://doi.org/10.7498/aps.71.20210238
https://doi.org/10.7498/aps.70.20201728

	1 引　言
	2 计算方法
	3 计算结果与分析
	3.1 结构与稳定性
	3.2 异质结电子结构
	3.3 异质结肖特基势垒高度与电接触类型的调控
	3.3.1 物理方法调控效应
	3.3.2 化学掺杂方法调控效应


	4 结　论
	参考文献

