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ABSTRACT
Velocity-field characteristics and power dissipation of bulk
wurtzite GaN at high electric field have been investigated and
comparison has been made between the theoretical data and
the simulated results obtained by using the Monte Carlo
method. We have considered the electron density of 10 18cm-3
and have incorporated deformation potential acoustic phonon
scattering, polar optical phonon scattering, ionized impurity
scattering and intervalley phonon scattering. A NDR effect is
observed only in the velocity-field characteristics of electrons
at 300K but this effect is not found in case of hole transport.
Index Terms: Polar Optic Phonon (POP) Scattering, LO
phonon, Reciprocal noise temperature, Dissipated power

I. INTRODUCTION
In recent years, a significant progress of wide band gap
semiconductor technology promotes GaN as a perspective
candidate in the fabrication of nanometer field effective
transistors (FET). Also the material has high breakdown
electric field strength and high electron mobility which makes
it an attractive material for power transistor [1]. A comparison
of the figure-of-merits between GaN and GaAs materials
shows that a higher critical field (2MV/cm vs. 0.4MV/cm) can
supply higher output power density, a higher electron
saturation drift velocity (2x107cm/sec vs. 1x107cm/sec) can
yield ultra fast transition time therefore higher frequency and a
higher thermal conductivity (1.3W/cmK vs. 0.5W/cmK) can
occur from higher operating temperature for GaN based
devices [2, 3]. The transferred electron (TE) effect at high
electric fields due to interval scattering gives rise to a negative
differential resistance (NDR) in GaN [4]. The main power
dissipation mechanism in GaN at high electric field is due to
the emission of Longitudinal Optical (LO) phonons by

hot electrons. As a result, a large part of the supplied electric
power is transferred to the LO-phonon sub-system and the
latter is displaced from equilibrium. ‘Hot phonons’ thus result
as a consequence of hot electron effect [5]. The accumulated
hot phonons cause different effects e.g. introduce additional
friction, reduce the electron drift velocity and electron energy
dissipation [6]. The hot-phonon effects manifest themselves at
a high density of electrons in channels subjected to high
electric fields [7]. Measuring microwave noise of hot electron
is a convenient way for experimental investigation of hot
electron effect in voltage-biased channels [8]. The noise
technique has provided with the hot phonon lifetime [8] in an
excellent agreement with the value obtained from timeresolved experiment on the inter-sub-band absorption assisted
by LO phonons [9]. For GaN-based channels, the lifetime is
measured at different electron temperatures [6, 10], lattice
temperatures [10, 11] and electron densities [12].
In the present communication the authors have made a
comparative study between the obtained results [13] and those
obtained with the help of Monte Carlo Simulation [7] in
respect of the following parameters: relation between electric
field and drift velocity, noise, transport mechanism, power
dissipation in GaN channels. Monte Carlo methods have been
widely used to study carrier transport in GaN because they
provide a nearly exact solution of the Boltzmann transport
equation by treating accurately the hot electron effects in GaN
[14].

II. ANALYTICAL MODEL
The ensemble Monte Carlo method is used to solve the
Boltzmann equation for electrons together with the equation
for phonons treated in the relaxation-time approximation. The
effect of non equilibrium longitudinal optical phonons on hotelectron energy distribution, mean energy, drift velocity and
power dissipation is considered for bulk GaN subjected to
electric fields in a range up to 100 kV cm−1. We have
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theoretically investigated the velocity-field characteristics in
bulk wurtzite GaN by solving the Boltzmann transport
equation using the Monte Carlo method. Lattice scattering
mechanisms included in the simulation are deformation
potential acoustic phonon, piezoelectric, polar optical phonon,
ionized impurity and intervalley phonon scatterings.
We have considered the effective mass for electrons in bulk
wurtzite GaN as 0.21m0, where m0 is the rest mass of electron.
The band gap energy is taken as 3.39eV and interband (L-M)
energy separation as 2.1eV [14]. The effective mass for holes
has been taken from the reference [14] is 1.8m0 and the spinoff parameter as 0.2eV. The other parameters used in our
calculations have been given below in Table 1.

GaN at 300K using Monte Carlo method. Electron velocity is
calculated from the measured data on current, electron density
and channel lengths, which is indicated Fig.1 by star marks.
The velocity approaches the value of 2.8x105 m/s at electric
field 300kV/cm. Hot phonons reduce the drift velocity as
shown in Fig.1 by solid curves from simulation of [7]. The
drift velocity for electrons reaches a peak of about 5.23x10 7
cm/s for an electric field of 100kV/cm and then

Table 1: Material parameters of wurtzite GaN
Parameters
Values
a. Density (g/cm3)
b. Acoustic deformation potential (eV)

6.15
8.3

c. Static dielectric constant
d. High frequency dielectric constant

8.9
5.35

e. Polar optical phonon energy (meV)

92

f. Inter-valley phonon energy (meV)
g. Inter-valley deformation potential (109eV/cm)

92
1

h. Hole acoustic deformation potential (eV)
i. Hole inter-valley phonon energy (meV)
j. Hole inter-valley deformation potential (109eV/cm)

Fig.1: Drift Velocity–Electric Field graph for GaN at electron
density 1018 cm-3

19.6
92
1.5

The life time of hot phonon can be determined from
experimental dependency of dissipated power on noise
temperature. The dissipated power per electron under steady
state Pd = VI/Ne=Ps (1), where Ps is supplied power, I is
current, V is voltage and Ne is the electron number in the
channel.

decreases and attains almost a saturation value. Velocity peaks
are more prominent for higher electric field values. A NDR
effect is observed in the velocity-field characteristics, which is
due to the interval transfer of electrons from the low effective
mass high mobility central valley to the high effective mass
low mobility higher satellite valley [15]. But his NDR effect is
absent in the characteristics of holes. The simulated results for

The microwave noise temperature Tn nearly equals the
electron temperature Te and assuming all other noise sources
are weak. Hence for dominant interaction of hot electrons with
longitudinal optical (LO) phonons under the condition Tn Te,
the dissipated power can be expressed as,
Pd=

)-1]-1-[

-1]-1} (2)

where
is the LO phonon energy,
is the equilibrium
temperature and
is the Boltzman constant. The fitting
parameter
is the effective LO phonon life time.
Fig.2: Dissipated power against Reciprocal noise temperature for GaN
at electron density 1018 cm-3

III. RESULTS AND DISCUSSIONS
We
have
theoretically
investigated
velocity-field
characteristics for both electrons and holes in bulk wurtzite

dissipated power per electron depend on the mean kinetic
energy of the electrons as shown in Fig.2. The activation
energy is close to the LO phonon energy [16, 17]. Also the
simulation (Fig.2) shows a weaker hot phonon effect than the
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experimental data. This contradicts with the conclusion
obtained from the analysis of the electron drift velocity
(Fig.1). The contradiction is reduced if LO-LO phonon
collision (scattering) are taken into account. The hot phonon
effect on electron drift velocity results from the nonequilibrium occupancy of the LO phonon modes allowed by
energy and momentum conservation as shown in Fig.3.
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