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Abstract. We use a Monte Carlo approach to investigate the electron transport in
Indium Nitride. Simulations with two different setups (one with a bandgap of 1.89 eV
and one with bandgap of 0.69 eV) are conducted. All relevant scattering mechanisms
are accounted for. Results for electron mobility as a function of free carrier
concentration and electric field are compared to previous studies and discussed.

1 Introduction and Monte Carlo Setup

In recent years Indium Nitride (InN) has attracted much attention due to the
considerable advancement in the growth of high quality crystals. Furthermore,
several new works on the material properties proposed a bandgap of =0.7 eV
[1, 2, 3], instead of =1.9 eV [4]. In this work we use a Monte Carlo (MC)
approach to investigate the electron transport, considering two band structures
[5, 6]. Our calculations include the three lowest valleys of the conduction
band (depending on the chosen band structure, see Table 1) and account for
non-parabolicity effects. Several stochastic mechanisms such as acoustic
phonon, polar optical phonon, inter-valley phonon, Coulomb, and
piezoelectric scattering are considered and their impact is assessed. The
parameter values for the acoustic deformation potential (ADP E=7.1 eV),
polar-optical phonon scattering (hmo=73 meV or 89 meV), inter-valley
scattering (hoi=hmi o), mass density (p=6.81 g/cm’), and static and high-
frequency dielectric constants (,=15.3 and €,=8.4) are adopted from [7, 8]. In
addition, we study the influence of another set of dielectric constants (g,=11.0
and &,=6.7) recently proposed in [9] in conjunction with the narrow bandgap
and lower effective mass.

An accurate piezoelectric scattering model, which accounts for non-
parabolicity and wurtzite crystal structure is also employed [10]. Table 2
summarizes experimental values for the elastic constants (cy;, ¢i2, and c44) of
wurtzite InN. From them we calculate the corresponding longitudinal and
transversal elastic constants (cp and ct) and sound velocities (vq and vy).
Table 3 gives theoretical values of the piezo-coefficients e;; and e;; available
in the literature and the calculated corresponding <e* > and <e’r> (e1s=es; 1S
assumed). Choosing the set of elastic constants from [11] and piezo
coefficients from [12] results in a piezo-coupling coefficient K,,=0.24.
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Table 1. Summary of material parameters of wurtzite InN for MC simulation.
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Table 2. Summary of elastic constants of InN and the resulting longitudinal and
transverse elastic constants and sound velocities.

i c2 Cay cL cr Vsl ve Ref.
[GPa] [GPa] [GPa] [GPa] [GPa] [m/s] [m/s]
- - 265 44 6240 2550 [7]
223 115 48 218 50 5660 2720 [11]
190 104 10 163 23 4901 1845 [15]
271 124 46 248 57 6046 2893 [16]
258 113 53 242 61 5966 2987 [17]

Table 3. Summary of piezo coefficients of InN for MC simulation of piezo scattering.

€3 es3 <eL2> <eT2> Ref.
[C/m’] [C/m?] [C*m"] [C*/m*]
-0.57 0.97 0.17 0.72 [12]
-0.11  0.81-1.09 0.13 0.16-0.58  [18]

2 Simulation Results and Discussion

Simulations with two different setups were conducted: one with bandgap of
1.89 eV (effective mass 0.11m, in the I'y valley [5]), and one with bandgap of
0.69 eV (effective mass of 0.04m, [6]), as summarized in Table 1. Results for

electron mobility as a function of Ilattice temperature,

concentration, and electric field were obtained.

free carrier
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Fig. 1: Low-field electron mobility as a Fig. 2: Illustration of the corresponding
function of carrier concentration in InN: scattering rates in the Monte Carlo
Comparison of the MC simulation results simulation of mobility as a function of
and experimental data. carrier concentration at 300 K

As a particular example, Fig. 1 shows the low-field electron mobility in
hexagonal InN as a function of free carrier concentration. Results from other
groups [7, 9, 19] and various experiments [19, 20, 21, 22] are also included.
Assessing the classical band structure model (E,=1.89 eV), we achieve
electron mobility of ~4000 cm’/Vs, which is in a good agreement with the
theoretical results of other groups using similar setup [7]. Considering the
newly calculated band structure model (E,=0.69 e¢V), maximum mobility of
~10000 cm?/Vss is achieved. The corresponding scattering rates are illustrated
in Fig. 2. The increased mobility can be explained with the lower effective
electron mass. Polyakov, et al. [8] calculated a theoretical limit as high as
14000 cm?/Vs, however their simulation does not account for piezoelectric
scattering, which is the dominant mobility limitation factor at low
concentrations (see Fig. 2). Fig. 3 shows the electron drift velocity versus the
electric field at 10'” cm™ carrier concentration. Our MC simulation results
differ compared to simulation data from other groups [8, 13, 14, 23] either
due to piezoscattering at lower fields or, at high fields, due to the choice of
parameters for the permittivity and polar optical phonon energy (hw.o). Fig. 4
shows our simulation results obtained with mr;=0.04m, and with different
values of the permittivity and phonon energy. The values €,=6.7 and £=11.0
proposed in [9] lead to lower electron velocities.

In summary, a study of the transport properties of InN using two different
band structures and two different scattering model parameter sets is
performed. A significant increase in the electron mobility and drift velocity is
observed when using a parameter set, consistent with the recently reported
lower bandgap of InN.
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Fig. 3: Drift velocity versus electric field Fig. 4: Drift velocity versus electric
in wurtzite InN: Comparison of MC field: Comparison of MC simulation
simulation results. results with different parameter setups.
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