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Abstract Graphene (Gr) and other Gr-like two-dimensional (2D) materials, including hexagonal boron nitride and
transition metal chalcogenides, have been widely investigated by researchers owing to their unique physical
properties. Accordingly, the van der Waals heterojunctions formed by stacking these 2D layered materials have
become a research hotspot because of their unique and excellent physical properties. Here, a large-area and high-
quality single-layer Gr film and a molybdenum disulfide (MoS,) monolayer were synthesized. The Gr film was
patterned into microstrips using photolithography and plasma etching techniques. Finally, the MoS, monolayer was
transferred onto the Gr strips to form the Gr-MoS, vertical heterojunction. Compared with that of the photodetectors
based on the MoS, monolayer, the performance of the photodetectors based on the Gr-MoS, vertical heterojunctions
significantly increase. The photocurrent and photoresponsivity of the photodetector based on the Gr-MoS, vertical
heterojunction are 250 and 750 times those of the MoS, monolayer, respectively. The improved photoelectric
performance proves that this heterojunction formed by stacking Gr and MoS, has broad application prospects in future

optoelectronic devices and optoelectronic integrated circuits.
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Fig. 1 Experimental setup for the growth of MoS, based
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Fig. 3 Characterizations of monolayer MoS,. (a) Optical image of monolayer MoS, triangles; (b) Raman spectrum of MoS,, and

the inset shows photoluminescence spectrum of MoS,; (c) AFM topography of MoS,, and the inset shows height profile

for typical monolayer MoS,; (d) (e) Raman peak intensity mappings of MoS, triangle; (f) PL peak intensity mapping of

MoS, triangle
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Fig.4 Characterizations of Gr-MoS, vertical heterojunction. (a) Optical image of monolayer graphene film; (b) graphene strips

after plasma etching; (c) optical image of Gr-MoS, vertical heterojunction; (d) Raman spectrum of graphene; (e) Raman

spectrum of Gr-MoS, vertical heterojunction; (f) photoluminescence spectrum of Gr-MoS, vertical heterojunction
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Fig.5 Electrical properties of MoS, and monolayer graphene. (a) Transfer curves under different V,, of MoS, device; (b) output

curves of the MoS, device under different V values, and the inset shows an optical image of the MoS, device; (c) transfer

curves of the graphene device under different V,, values; (d) output curves of the graphene FET device under different V,

values, and the inset shows an optical image of this graphene FET device

3.4 ETGr-MoS, EHRRE KK BRI
BT T AR BRI G BRSO A —
SR ) ) B BT . A AR AT B R T AR A AR 0
R K vy T 9 B2 MoS, Z I L B MoS, 5 %% 81l 4 58
W L H I Gr-MoS, 35 B 57 R 45 , I 25 T I i & Dt
TR A% o P06 (a) Jy IO B 4RI 2 1 78 AL, B
He A BB AR AE A0 88065 1, MoS, 18 A1 880 L 18137

TS B Z (8]

6(b)X}EE T B2 MoS, 5 Gr-MoS, 5 it 45
JEHL RS OB TSGR I SR P V=0V,
IR E V=3 V, B0t ¥ K 1=532 nm, J) R P=
38.5 pW. MoS, L i 29 4 8 nA, Gr-MoS, 7 Jit
PR HLT 2R 2 pA LS F AT E I 250 4% 5
L' e iy M 7 1A 0 B 5 e T A SR 1 S

1516024-5



AV ARV EVAN

~
o
~—
—_
(=2
(=]

—&— MoS,

—M

10

o /_/'

Photoresponsivity /(mA-W™)
—

0.01 1 1 1 I 1

1.0 15 2.0 2.5 3.0
Ve IV

£ 58% F 1581/2021 £ 8 H/HNAEXBFEHE

(b) 10

— = MoS,
—— Gr-MoS,

,_.
=2
S

V=3V, /=532 nm, P=38.5 uW

Photocurrent /A
—
f=]
"

—
(=]
®
T
\
-
\
-
\
1
\
’
\
-
\
\
A

10° —

(d) 4.5
40
35}

30F

s /WA

~ 25}
20

16F

1.0 1 1 1 1 1 1

6 Gr-MoS,3 F 5 Fi 45 5 82 MoS, St LRI 8% . (a) Gr-MoS, 3 B 5 Ji 45 56 HL #8058 B 8 5 (b) Gr-MoS, 5 MoS, ) Hi i #Y
TEHEYE 5 (¢) Gr-MoS,5 MoS, B MM L B 5 (d) Gr-MosS, 3 15 5% 5 25 19 U I H 9 (1) 5 MR (V) 78 T8 0% DL OR R0
VIR MNP

Fig. 6

Photodetector based on vertical Gr-MoS, heterostructure and monolayer MoS,. (a) Schematic illustration of the

photodetector based on vertical Gr-MoS, heterostructure; (b) photocurrent switching operation of MoS, and Gr-MoS,;

(c) photoresponsivity of monolayer MoS, and Gr-MoS,; (d) source-drain current (I,,) versus backgate voltage (V) for Gr-

MoS, in the absence of light and in the presence of light with various illumination powers
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