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ABSTRACT

Among the group-III nitrides, InN displays makedly wvnusual electronic transport
characteristics due to itz smaller effective mass, high peak velocity and high background electron
concentration. We prezent the steady-state, velocity-field characterigtics of wurtzite indium nitride,
determined using an ensemble Monte Carlo approach. A three valley model for the conduction band 1s
employved and ionized impurity, polar and non polar optical phonon, acoustic deformation potential,
piezoelectric, deformation potential and intervalley scattering mechanisms are considered. The
gensitivity of these steady-state results to variations i temperature and doping concentration ig
examined. Our results suggest that the trangport characteristics of indium nitride are superior to those of
gallium nitride and gallivm argenide, over a wide range of temperatures, from 77 to 600 K, and doping
concentrations, up to 1.0x10*® cm ™. Hence. indium nitride has considerable potential for device
applications.
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I. INTRODUCTION

The IT-nitride-baged systems in general and InN in paticular have attracted a great deal of
attention in recent years. Thege materialg had been known to have wide band-gap energies (3.42 eV
for GaN, 6.2 eV for AIN, and 1. 89 eV tor InN) so that they can be uged for the fabrication of devices
working i the blue and ultraviolet regiong of the gpectrum. However, there i controversy over the
material parameters of InN and, according to recent studieg, itz band gap value is between 0.7 eV and
0.8 eV [1.2] with band-gap bowing of 1. 43 eV [3] In addition to the itriguing controversy about the
fundamental band gap of InN, another undetermined important parameter is the effective masg m*.
Effective magg plays a dominant role for transport and mobility characteristics and device design but
various valueg have been repoited for InN. The commonly used, traditional value for the effective mass
12 0.11m, [4] but for the band gap of 0.7-0. 8 eV, the effective mass iz presented as 0.07m, [5] and
in other studies ag 0.042m, [6.7]. where m, is the free electron mass. A morerecent study even
questiong the validity of a band-gap value of about 0.7 eV[8]. Previously commonly uged parameter
values for the band-gap energy, band-gap bowing, and effective mass for InN were 1.89 eV[9],
3.8 eV[10]. and 0.11m, [4]. respectively. The electron transport characteristics of InN have been
studied [11, 12] and during the past few years electron low-field mobilities in InN above 2000 cm?/
V s have been measured [13, 14]. The best reported mobilty of InN at room temperature was about
3500 cm?/V's [15]. Recent theoretical estimates for low-field mobility with undoped InN have
reached about 14,000 cm?/V s at room temperature [16]. Among the ITl-nitride materials, InN
exhibits the highest peak overshoot velocity when compared with GaN and AIN [17]. A more-recent
study where the newly published material parameters for InN are used shows that the peak velocity of
electrons m bulk InN mcreases significantly [18, 19].
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