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Fig. 1. MoS,/MoTe, heterojunction devices and it’s electrical properties: (a) Diagrammatic sketch of MoS,;/MoTe, heterojunction
device; (b) optical image of the MoTe,/MoS, heterostructure device; (¢) Raman spectra of MoTe,/MoS, heterojunction; (d) band
structure of the MoTe,/MoS, heterojunction; (e) transfer curves of MoS,/MoTe, heterojunction device; (f) output curves of

MoS,/MoTe, heterojunction device.
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Fig. 2. Electrical characteristics of MoTe,/MoS, heterojunction device: (a) Power intensity-dependent IV, curves, Vgs = —6V;

(b) power intensity-dependent I3V, curves, Vys = +6 V; (c) power intensity-dependent I Vg, curves, V, = 440 V; (d) power in-
tensity-dependent Iy Vg, V, = —10 V; (e) band structure of MoTe,/MoS, heterojunction at V,>0 and V, <0.
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Fig. 3. Surface potential distribution of MoS,/MoTe, heterojunction devices: (a) Schematic diagram of KPFM; (b) AFM image of
MoS,/MoTe, heterojunction; (c) surface potential distribution of heterojunction device, Vy, = +2 V; (d) surface potential distribu-

tion of heterojunction device, Vg, = -2 V.
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Fig. 4. Surface potential distribution of vertical MoTe,/MoS, heterojunction device and it’s physical mechanism: (a) Surface poten-
tial normalized profiles of heterojunction, Vy, = +2 V; (b), (¢) band structure of heterojunction, Vy,> 0; (d) surface potential nor-

malized profiles of heterojunction, Vg, = -2 V; (e), (f) band structure of heterojunction, Vi <0.
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Fig. 5. Surface potential distribution of MoTe,;/MoS, heterojunction device and it’s physical mechanism before and after illumina-

tion: (a) Vg = +2 V; (b) Vgg=-2V.
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Abstract

The heterojunction device based on two-dimensional materials possesses unique photoelectric properties due
to its nanoscale thickness and van der Waals (vdWs) contact surface. In this paper, a gate-voltage-tunable
MoS,/MoTe, vertical vdWs heterojunction device is constructed. The Kelvin probe force microscopy (KPFM)
technology is combined with the electric transport measurement technology, thereby revealing the charge
transport behavior of the MoS,/MoTe, heterojunction under dark condition and laser-irradition condition,
including the bipolarity characteristics of the transition from n-n* junction to p-n junction. In this paper, the
charge transport mechanism of heterojunction is explained comprehensively and systematically, including the
charge transmission process of n-n* junction and p-n junction under positive and negative bias conditions, the
transformation of nodule behavior with gate voltage, the influence of barriers on charge transmission, the
different rectification characteristics between n-n* junction and p-n junction, the major role of source and
leakage bias voltage in band tunneling, and the influence of photogenerated carriers on electrical transmission.
The method in this work can be generalized to other two-dimensional heterojunction systems and also provide
an important reference for improving the performance of two-dimensional semiconductor devices and their

applications in the future.

Keywords: two-dimensional transition metal chalcogenide heterojunction, charge transmission mechanism,

energy band structure, Kelvin probe force microscope

PACS: 61.82.Fk, 73.40.Lq, 85.30.—z DOI: 10.7498/aps.72.20221768

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51772064, 51902069), the Natural
Science Foundation of Heilongjiang Province, China (Grant No. YQ2021E019), and the Shenzhen Science and Technology
Program, China (Grant No. RCJC20210706091950025).

# These authors contributed equally.

1 Corresponding author. E-mail: liyang2018@hit.edu.cn

1 Corresponding author. E-mail: cy xu@hit.edu.cn

036102-8


http://doi.org/10.7498/aps.72.20221768
mailto:liyang2018@hit.edu.cn
mailto:liyang2018@hit.edu.cn
mailto:cy_xu@hit.edu.cn
mailto:cy_xu@hit.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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

MoSZ/ MoTezﬁgﬁ‘Jﬁ G 1 B e A e LA Y
BB XK MR FE BRE
Charge transmission of MoS,/MoTe, vertical heterojunction and its modulation

Wen Heng-Di  LiuYue Zhenliang LiYang Xu Cheng-Yan

5| {5 B, Citation: Acta Physica Sinica, 72, 036102 (2023) DOI: 10.7498/aps.72.20221768
TEZL I View online: https:/doi.org/10.7498/aps.72.20221768
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in

IV - VIR W21 S S B s — A vy T URIT S
Recent progress on IV-VI compound semiconductor heterojunction two—dimensional electron gas

YIFI£4. 2019, 68(16): 166801  https://doi.org/10.7498/aps.68.20191074

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

Photoluminescence properties of CuPc/MoS, van der Waals heterostructure

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

AR HLIn, Se/InSe e FLF U4 AEHT Y5 1

Strain control of two—dimensional ferroelectric In,Se,/InSe vertical heterojunction energy band

WIBEAEA. 2021, 70(22): 227701 https://doi.org/10.7498/aps.70.20211158

T HEMoS IR I AR S R S T A FLE 5 DR AR T

Tearing behavior induced by van der Waals force at heterogeneous interface during two—dimensional MoS, nanoindentation

Y2, 2022, 71(19): 194601 https://doi.org/10.7498/aps.71.20220875

ST R G R W [ B S B L P
Photodetectors based on homojunctions of transition metal dichalcogenides

YIBR2FAf. 2021, 70(17): 177301 https://doi.org/10.7498/aps.70.20210859

JCAE R P Ge P REAT S5 A AR Y

Band structure model of modified Ge for optical device application

YyFE2EAR. 2018, 67(19): 198502 https:/doi.org/10.7498/aps.67.20181155


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221768
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20191074
https://doi.org/10.7498/aps.71.20220132
https://doi.org/10.7498/aps.70.20211158
https://doi.org/10.7498/aps.71.20220875
https://doi.org/10.7498/aps.70.20210859
https://doi.org/10.7498/aps.67.20181155

