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Fig. 1. (a) XRD pattern of MoSe, thin film; (b) texture coefficient at different selenization temperatures when the main diffraction

peaks of MoSe, thin film are (002), (100), and (110); (c) variation curve and microstrain value of the average grain size of MoSe,

thin film with selenization temperature.
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Fig. 2. SEM images (a)—(d) and typical cross-sectional images (e)—(h) of MoSe, thin films at different selenization temperatures:
(a), (e) 750 C; (b), (f) 800 C; (c), (g) 850 °C; (d), (h) 900 °C. (i) Atomic proportion of Se and Mo elements in MoSe, thin films at

different temperatures.
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A

Table 1.  Atomic and mass ratios of various ele-
ments in MoSe, thin films at 750-900 C.

Temperature/°C Element  Atomic/%  Weight/%

Se 44.46 52.70
750 Mo 28.30 40.76
O 27.24 6.54
Se 55.34 47.25
800 Mo 38.58 27.11
O 6.09 25.65
Se 59.16 54.97
850 Mo 37.23 26.47
O 3.61 16.56
Se 58.06 53.12
900 Mo 37.88 28.53
O 4.06 18.35
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A R 2 33 ) S AR K A EL)Z MoSe, fA7E—E
() O 23 (e feffs 101, 18] 4(b) F MoSe, WIEAE 900 °C
T Se 3d K3, AT % Se 78 B H LI -2 M A7
TE. B 4(c) 7 Mo 3d MyJtHLFRERE, i 434U
G SR LA . DG T A I B Mo-O MR {5
7, KR iR XRD %
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KA AR (B 5(a) i), 2558 Bn
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3 MoSe, MY 50 nm (a) F1 5 nm (b) 4335 §T i F T4 ) - MoSe, T (002) (c) 1 (100) (d) T ()38 50 e 717 9 el

(e) fir i3

Fig. 3. 50 nm (a) and 5 nm (b) resolution TEM images of MoSe, thin films; select electron diffraction patterns for the (002) (¢) and

(100) (d) planes of MoSe, thin film; (e) diffraction ring.
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Fig. 4. XPS spectrum of MoSe, thin film at 900 “C: (a) Overall spectrum; (b) Se 3d; (c) Mo 3d.
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ures; (b) Tauc diagram of MoSe, thin film; (c) photoluminescence spectra of MoSe, thin films at different selenization temperatures.
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Influence of selenization temperature on structure
and optical band gap of MoSe, thin film
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Abstract

In recent years, MoSe,, as a kind of transition metal dichalcogenide, has aroused widespread research
interest due to its special crystal structure with different electrical and optical properties. The band gap of
molybdenum diselenide can be manipulated by different layers, strain engineering, doping, or the formation of
heterostructures, which makes it potential advantages in optoelectronic devices and photovoltaic applications.
In this work, we investigate the influence of selenization temperature on the structures and optical properties of
the MoSe, films. Molybdenum (Mo) thin films are prepared by RF magnetron sputtering, and then MoSe, thin
films are generated by selenization annealing. The surface morphology, crystal structure, and optical bandgap
for each of the MoSe, thin films are characterized and analyzed by using scanning electron microscopy, X-ray
diffraction, and ultraviolet visible spectroscopy, respectively. The results show that the crystal structures of the
MoSe, thin films are closely related to the selenization temperature (7y): with the increase of selenization
temperature, the average grain size in the thin film decreases slightly and then increases rapidly from 24.82 nm
to 55.76 nm. Meanwhile, the (002) crystal plane of MoSe, also exhibits preferential growth with temperature

increasing. Each MoSe, thin film has a low absorption

rate for short-wavelength light (around 600 nm). With Bl I— <.

the increase of selenization temperature, the bandgap _55010017~8() eV

waves of the MoSe, thin films are blue-shifted, and the LA B =1TTev

optical bandgaps decrease, which is attributed to the % —%zo;cl,m oV /
fact that different selenization temperatures cause the g: 1.0} 9E00:°C£.62 o i
lattice size of MoSe, to change, thereby affecting the % ’ / /
spatial expansion of its electronic wave function. In T o5t V,’ ////
addition, the structure and optical bandgap of MoSe, I'I /,’l
can be effectively controlled by changing the 0 . i
selenization  temperature, which provides more o - he /6\2,'0

possibilities for the applications of the MoSe, thin films

in optical devices.

Keywords: MoSe, thin film, selenization temperature, magnetron sputtering, thin film structure, optical
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