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Fig. 1. Top and side views of single-layer atomic structures: (a) H-NbS,; (¢) T-NbSy; (e) GeS,. Single-layer energy band structures:

(b) H-NbSy; (d) T-NbSy; () GeS,.
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Fig. 2. (a) Six stacking modes A1-A6 for H-NbS,/GeS, (top panel) and T-NbS,/GeS, (bottom panel), with the two orange shaded
regions in the figure showing the most stable stacking structures; (b) optimized interlayer spacing and corresponding binding en-
ergy of H-NbS,/GeS, (left panel) and T-NbS,/GeS, (right panel) for the six stacking modes.
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Fig. 3. Phonon spectra of (a) H-Al and (b) T-Al. AIMD simulations at 300 K of (c) H-Al and (d) T-Al. Variation of (e) Young’s
modulus Y and (f) Poisson’s ratio v with the in-plane angle for H-A1 and T-Al.
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Fig. 4. Projected band structures of heterojunctions: (a) H-A1; (b) T-Al. Charge density difference along the zaxis direction and
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Fig. 5. External electric field modulation effect, Schottky barrier height versus electric field: (a) H-A1; (b) T-Al. Band gap of GeS,
monolayer in heterojunction versus electric field: (¢) H-A1; (d) T-Al. Difference in charge density of heterojunction along z-axis
with different electric fields: (e) H-A1; (f) T-Al. (g) Variation of the projected energy-band structure with the external electric field
for T-Al, where the blue denotes the contribution of T-NbS, layer, and the black denotes the contribution of GeS, layer, and top

and bottom boxes indicate @, and &,, respectively.
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Fig. 6. Biaxial strain modulation effect, Schottky barrier height versus biaxial strain: (a) H-A1; (b) T-Al. Band gap of GeS, mono-
layer in heterojunction versus biaxial strain: (¢) H-Al; (d) T-Al. Difference in charge density of heterojunction along zaxis for
different biaxial strains: (e) H-A1; (f) T-Al. (g) Projected band structures of H-A1l under different biaxial strains, where the red
denotes the contribution of the H-NbS, layer, and the black denotes the contribution of the GeS, layer, and the upper and lower

boxes denote &, and &, respectively.
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Electrical contact properties of 2D metal-semiconductor
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Abstract

Metal-semiconductor heterojunction (MSJ) is the basis for developing novel devices. Here, we consider
different two-dimensional van der Waals MSJs consisting of different-phase metals H- and T-NbS, and
semiconductor GeS,, and conduct an in-depth study of their structural stabilities, electronic and electrical
contact properties, with an emphasis on exploring the dependence of the electrical contact properties of the
MSJs on the different phases of metals. Calculation results of their binding energy, phonon spectra, AIMD
simulations, and mechanical properties show that both heterojunctions are highly stable, which implies that it is
possible to prepare them experimentally and feasible to use them for designing electronic devices. The intrinsic
H-NbS,/GeS, and T-NbS,/GeS, heterojunctions form p-type Schottky contacts and quasi-n-type Ohmic
contacts, respectively. It is also found that their Schottky barrier heights (SBHs) and electrical contact types
can be effectively modulated by an applied electric field and biaxial strain. For example, for the H-NbS,/GeS,
heterojunction, Ohmic contact can be achieved regardless of applying a positive/negative electric field or planar
biaxial compression, while for the T-NbS,/GeS, heterojunction, Ohmic contact can be achieved only at a very
low negative electric field. The planar biaxial stretching can achieve quasi-Ohmic contact. In other words, when
the semiconductor GeS, monolayer is used as the channel material of the field effect transistor and contacts
different metal NbS, monolayers to form the MSJ, the interfacial Schottky barriers are distinctly different, and
each of them has its own advantages in different situations (intrinsic or physically regulated). Therefore, this
study is of great significance for understanding the physical mechanism of the electrical contact behaviors for
H(T)-NbS,/GeS, heterojunction, especially for providing the theoretical reference for selecting suitable metal

electrodes for the development of high-performance electronic devices.

Keywords: metal-semiconductor heterojunction, Schottky barrier, Schottky contact, Ohmic contact, physical

field modulation

PACS: 71.15.Mb, 71.20.-b, 79.60.Jv, 73.30.4+y DOI: 10.7498 /aps.73.20240530

* Project supported by the National Natural Science Foundation of China (Grant No. 61771076).
1 Corresponding author. E-mail: caoshengguo@stu.csust.edu.cn

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

137102-13


http://doi.org/10.7498/aps.73.20240530
mailto:caoshengguo@stu.csust.edu.cn
mailto:caoshengguo@stu.csust.edu.cn
mailto:zhzhang@csust.edu.cn
mailto:zhzhang@csust.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TR FLAINDS, 5 GeS, R — o TR s 5 45 el
FHFHE OTHR S8 F L KKRL

Electrical contact properties of 2D metal-semiconductor heterojunctions composed of different phases of NbS,

and CeS2
LiJing-Hui  Cao Sheng-Guo  Han Jia-Ning  LiZhan-Hai  Zhang Zhen-Hua

5] Fi{% B, Citation: Acta Physica Sinica, 73, 137102 (2024) DOI: 10.7498/aps.73.20240530
TELR T View online: https://doi.org/10.7498/aps.73.20240530
MM ZE View table of contents: http://wulixb.iphy.ac.cn

AT REBOGEBR  HAN S
Articles you may be interested in
GaN/V Se 15 8 FUH- 7 5 T 4% LA AR 1 S 42 3000

Electrical contact characteristics and regulatory effects of GaN/VSe, van der Waals heterojunction

PyFEEEAR. 2023, 72(16): 167101 https:/doi.org/10.7498/aps.72.20230191

Ao 37 R A o MoSH/WSi, N, 1 5 B2 34 42 1 T 2

Modulation of MoSH/WSi, N, Schottky—junction barrier by external electric field and biaxial strain
PPz, 2022, 71(21): 217301 https:/doi.org/10.7498/aps.71.20220882

L 75% graphene/InSe i 5 FLH-Hr 5 i 45 1 e Sk 38 42 i 4

Tuning Schottky barrier in graphene/InSe van der Waals heterostructures by electric field

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

A SR T X R /ST CAZ i 1 A RE A 2 P 2 O B — PR I BT 7T

First principle study on modulating of Schottky barrier at metal/4H-SiC interface by graphene intercalation
YrH2E 4. 2022, 71(5): 058102  https:/doi.org/10.7498/aps.71.20211796

TG eS, AR R L B 200
Electronic properties and modulation effects on edge—modified GeS, nanoribbons

YrH2E 4. 2024, 73(5): 056102  https://doi.org/10.7498/aps.73.20231670

FEXSFREAIB X A1 820/ — RS 57 2 S R S A i A £

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

YrH2EAR. 2022, 71(1): 017104 https:/doi.org/10.7498/aps.71.20210238


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240530
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230191
https://doi.org/10.7498/aps.71.20220882
https://doi.org/10.7498/aps.69.20191987
https://doi.org/10.7498/aps.71.20211796
https://doi.org/10.7498/aps.73.20231670
https://doi.org/10.7498/aps.71.20210238

	1 引　言
	2 计算细节
	3 结果与讨论
	3.1 异质结构建与稳定性
	3.2 异质结电子结构及电接触性质
	3.3 异质结电接触性质的物理调控效应

	4 结　论
	参考文献

