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Abstract. MoS, is a kind of two-dimensional semiconductor material with excellent electrical
and optical properties, which can be used to develop new types of electronic devices and
optoelectronic devices. Here, we established the mobility model of the MoS,. It is found that
the simulation results agree with the experimental data. And our model are better than the
theoretical results at low temperature. At the same time, we used the model to simulat the
MoS, MSM device. The | — V curve are basically identical with the measurement results,
which proves the practicability of the model.

1. Introduction

In the last few years, bidimensional materials have driven the attention of the scientific community as one of the
best alternatives to the traditional Si-based technology, among which MoS; is a typical materials. The bandgap
of MoS; can be modified by changing its thickness or applying stress and interesting optoelectronic properties of
MoS; have also been demonstrated because of the direct bandgap behavior of monolayer films[1]. Comparing to
one-dimensional materials, MoS, materials are easy to fabricate complex structures and attractive for using in
next-generation electronic devices.

In order to analyze the performance of MoS,-based devices, the mobility of MoS, need to be studied. Recently,
Sunkook Kim[2] has obtained the mobility by measuring the Ids - Vgs curve of MoS, FET at room temperature.
Others like J.M. Gonzalez-Medina[3] has theoretically calculated the mobility of MoS,, which are in good
agreement with Sunkook Kim’s data. In this paper, the analysis model of MoS2 carrier mobility will be
established and investigated by comparing with other groups experimental and theoretical result. Further, the
MoS, MSM device has been fabricated and test the analysis model.

2. Physical models

The mobility is affected by several scattering mechanisms, including lattice scattering, ionized
impurity scattering, carrier-carrier scattering and so on. The structure of MoS, is very similar to the
graphene, S and Mo atoms are covalently bonded in the monolayer. And there is no dangling bond on
the surface. So we focus on three different scattering mechanisms such as acoustic phonons, optical
intervalley phonons and ionization impurities, and establish the mobility models for each scattering
mechanism. Further, the combined mobility, which includes the three mechanisms above, is[4,5]

Ut =ud Ut "

Where u, is the mobility from acoustic phonons interaction, u, is the mobility from optical intervalley
phonons interaction and uiy, is the mobility from ionization impurities interaction.

2.1.  Acoustic phonons
In the two-dimensional deformation potential theory of surface phonon scattering and for a
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nondegenerate surface, the electron mobility is given by [5]:
u, = dip &/ mm Z,
)

Where q is the elementary charge, h is the Dirac constant, u, is the sound velocity, m* and mu are the
effective mass and the mobility mass, respectively, Z, is the deformation potential, k is the Boltzmann
constant, and T is the absolute temperature. The areal mass density of MoS,, p(g/cm?), is given by

P = PouZay A3)

Where ppyi iS the mass density (g/cms) of MoS, and Z,, is the effective thickness of the inversion layer.
Z,, was assumed to be independent of temperature and normal electric field. Here, Z,, adopts the
approximation suggested by Schwarz and Russek[6]
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So the acoustic phonons (LA and TA) is expressed as:
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Where T_ is the lattice temperature, E. is the perpendicular electric field. a, b, ¢ and d are the
empirical constants, respectively. f is the temperature dependence of the probability of surface phonon
scattering and N is the total doping concentration. The E; and N; are the constant with a value of 1
V/em and 1cm™®, respectively.

2.2. Optical intervalley phonons

At low temperature, the acoustic phonon vibration is the main influence factor to the mobility.
however, when the temperature increased, optical intervalley scattering play a major role.

The mobility (u,) from optical intervalley phonons interaction adopts the empirical model in a slightly
modified form which preserves their model parameters fitted at room temperature[5,6].
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Where T is the temperature, u, is the sound velocity, Na is the acceptor concentration. Others
parameters are the empirical constants.
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So this component is given by:

o [ gx(T/300) " - 1 ] .
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(12)
Here, N is the total density of impurities and T_is the lattice temperature, a, b, c, d, e and f are the
empirical constants, respectively.

2.3. lonization impurities
lonized impurities are mainly affected by temperature and impurity concentration. The mobility from
ionization impurities interaction, ujy, can be described by:
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Where N, is the constant with a value of 1cm™ T is the temperature, Z and c are the empirical

constants, respectively. In the calculations, zh =1 the parament a; Stems from the description of
the majority carrier mobility as a function of impurity concentration[7].

It can be seen that the second part plays a dominant role in the case of high doping, so the impurity
scattering components is obtained using the following equation:

az T (3><C— 1 )
uim = X (_Lj

Where T is the lattice temperature, a, b and c are the empirical constants, respectively.

3. Results and discussion

3.1 Mobility model

Figure 1 shows the simulation results of MoS, carrier mobility model. We can see that the u,, u, and
Uim fitting well with the Kim’s theoretical results in Fig. 1(a), (b) and (c), which can be explained that
the model is reasonable. And in Fig. 1(d), we can find that the combined mobility is very consistent
with the J.M.’s experimental data. Meanwhile, the model is better than the Kim’s theoretical
calculation at low temperature.
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Figure 1 the simulation results of MoS, mobility model, (a) acoustic phonon mobility (b) optical
intervalley phonons (c) impurity scattering and (d) comparison of the combined mobility.

3.2.  Mobility model test

The MSM device adopted Ni electrodes with Hexagon MoS,/Al,O; substrates and measured the | — V
curve. The mobility model is applied to simulating the same structure device and compared with the
experimental results in Figure 2. The results are in good agreement with the experimental data.
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Figure 2. MSM simulation used the mobility model.

4. Summary

Physical models for MoS, have been established and investigated. And we have stimulated the
characteristic of the model and compared with the experimental data and the theoretical calculation.
According to the results, it is can been seen that u., Uy and u;, is the important part of the MoS,
mobility. Finally, the MoS, MSM device has been fabricated and simulated to verify this model. the
results indicate that the new model is reasonable.

5. References

[1] Radisavljevic B, Radenovic A, Brivio J, et al. Single-layer MoS, transistors[J]. Nature
Nanotechnology, 2011, 6(3):147.

[2] Kim S, Konar A, Hwang W S, et al. High-mobility and low-power thin-film transistors based on
multilayer MoS, crystals[J]. Nature communications, 2012, 3: 1011.

[3] Gonzdez-Medina J M, Ruiz F G, Marin E G, et al. Simulation study of the electron mobility in
few-layer MoS, metal-insulator-semiconductor field-effect transistors[J]. Solid-State
Electronics, 2015, 114: 30-34.



ICIEM 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 284 (2017) 012007 doi:10.1088/1757-899X/284/1/012007

[4] Lombardi C, Manzini S, Saporito A, et al. A physically based mobility model for numerical
simulation of nonplanar devices[J]. IEEE Transactions on Computer-Aided Design of
Integrated Circuits and Systems, 1988, 7(11): 1164-1171.

[5] Reggiani S, Valdinoci M, Colalongo L, et al. A Unified Analytical Model for Bulk and Surface
Mobility in Si n-and p-Channel MOSFET's[C]//Solid-State Device Research Conference, 1999.
Proceeding of the 29th European. IEEE, 1999, 1: 240-243.

[6] Schwarz S /, Russek S E. Semi-empirical equations for electron velocity in silicon: Part
II—MOS inversion layer[J]. IEEE Transactions on Electron Devices, 1983, 30(12):1629-1633.

[71 Klaassen D B M. A unified mobility model for device simulation[C]// Electron Devices Meeting,
1990. IEDM '90. Technical Digest. International. IEEE, 1991:357-360.

Acknowledgments
This work was supported by the National Nature Science Foundation of China [grant numbers
51677149].



