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We contribute here a theoretical study of the electron mobility in n-doped GaN, InN, and AIN at
moderate to high electric fields. We solve the set of coupled nonlinear integro-differential equations
of evolution to obtain the steady-state values of the basic intensive nonequilibrium thermodynamic
variables for the three materials. The regions with ohmic and non-ohmic behavior in the electron
drift velocity dependence on the electric field strength are characterized in the three nitrides. The
electron mobility is calculated, and it is shown that the larger corresponds to InN, and the smaller

to AIN.

The so-called nitride materials, like GaN, InN, and
AIN; are presently object of intense research as a re-
sult of the large interest associated with application for
blue/UV light emitting diodes and diode lasers (e. g.
[1]). We contribute here a theoretical study consisting
in an analysis of the electron mobility in n-doped sam-
ples of ITI-Nitrides — which are large direct-gap strong-
polar semiconductors — at moderate to high electric
fields. Basically we study transport phenomena which
develop in the nonequilibrium thermodynamic state of
the resulting ”hot plasma” created by the presence of
the electric field, mobile electrons moving in, and inter-
acting with, the lattice and with impurities.

We study transport phenomena which develop in
n-doped samples of GaN, InN, and AIN, that is the
change in the average energy of electrons and phonons,
and the electronic current that ensues as a result of the
presence of the electric field. This kind of studies are in
general pursued with the help of Monte Carlo-like sim-
ulations; instead, we here resort to a powerful, concise,
and soundly based kinetic theory for far-from equilib-
rium systems [2]. It is the one based on a nonequi-
librium statistical ensemble formalism [3], the so-called
MaxEnt-NESOM for short, which provides an elegant,
practical, and physically clear picture for describing ir-
reversible processes, as for example in far away from
equilibrium semiconductors which is the case consid-
ered here. Moreover, we use the effective-mass approx-
imation and therefore parabolic bands; this implies that
in explicit applications it needs to be taken into account

that there exists an upper limiting value for the electric
field strength, corresponding to values such that inter-
valley scattering can be neglected. For numerical cal-
culations we used the characteristic parameters shown
in Table I.

Proceeding with the calculations we obtain the cor-
responding set of equations of evolution, namely

%Ee(t) = —;i Pt +J2 @), (1)

%Pe(t) = —nVeF +J5 () +J5 . (1), (2)
CBro(t) = —JE, 1)~ IS an) . ®)

& Bactt) =~ 12,0+ I an(0) = I, 0) . (@

(all J (2) being positive or null only when equilibrium
is attained). FE. is the electrons’ energy and P, their
linear momentum; Ero the energy of the LO phonons,
which strongly interact with the carriers via Frohlich
potential in these strong-polar semiconductors; E4¢ is
the energy of the acoustic phonons, which play a role of
a thermal bath; and F stands for the constant electric
field in the z-direction.
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Table I. Parameters of n-doped wurtzite AIN, InN, and GaN used in the numerical solution of the transport

equations.

Parameter
Electron effective mass (my)
Lattice Constant a (A)
Lattice Constant ¢ (A)
LO-Phonon Energy hiwro (meV)
Optical Dielectric Constant €5,
Static Dielectric Constant €g
Mass Density (g/cm?)
Sound Velocity (x10° cm/s)
Acoustic Def. Potential E1. (eV)
Piezoelectric Constant hpz (C/m?)

0.35 (@

AIN InN GaN
0.11 @ .22 (@
(b) 354 () 3189 ()
) 5.7 (€) 5.19 ()
99.2 () 89 (e) 92 (9)
) 8.4(¢) 5.35 ()
1550 95
6.81 (¢ 6.09 (®
416 ®) 440 ®
7.1 () 8.3 ()
0.375 (&) 0.375 @

(@) K. Kim et al., Phys. Rev. B56, 7363 (1997); (® V. W. L. Chin et al., J. Appl. Phys. 75, 7365 (1994); (©) S.
K. O’Leary et al., Solid State Communic. 105, 621 (1998); (9 Y. C. Yeio et al., J. Appl. Phys. 75, 1429 (1998);
(©) W. M. Yim et al., J. Appl. Phys. 44, 292 (1973); (/) S. Strite and H. Morkog, J. Vac. Sci. Technol. B 10, 1237
(1992); (9 A.S. baker and M. Ilegems, Phys. Rev. B7, 743 (1973); (® H. Hahn and R. Juza, Z. Allg. Anorg.
Chem. 244, 111 (1940); ) M. Shur et al., J. Elec. Mat. 25, 777 (1996).

Let us analyze these equations term by term. In
Eq. (1) the first term on the right accounts for the
rate of energy transferred from the electric field to the
carriers, and the second term accounts for the trans-
fer of the excess energy of the carriers — received in
the first term — to the phonons. In Eq. (2) the first
term on the right is the driving force generated by the
presence of the electric field. The second term is the
rate of momentum transfer due to interaction with the
phonons, and the last one is a result of scattering by
impurities. In Eq. (3) and Eq. (4) the first term on the
right describes the rate of change of the energy of the
phonons due to interaction with the electrons. More
precisely they account for the gain of the energy trans-
ferred to then from the hot carriers and then the sum
of contributions J](;L)O and J](;jc is equal to the last in
Eq. (1), with change of sign. The second term in Eq.
(3) accounts for the rate of transfer of energy from the
optical phonons to the acoustic ones via anharmonic
interaction. The contribution J fo) AN is the same but
with different sign in Eq. (3) and (4). Finally, the dif-
fusion of heat from the AC phonons to the reservoir is
account for in the last term in Eq. (4). The detailed
expressions for the collision operators are given in Ref.
[4].

Proceeding to the solution of the coupled set of non-
linear integro-differential equations, Eqs. (1) to (4),
using the parameters of Table I, a concentration of car-
riers n = 107e¢m ™3 and a reservoir temperature of 300
K, we can derive the mobility, M of the carriers, as
given by

Ve
M= '|F|', (5)

with the drift velocity v, related to linear momentum
per electron by

P.=mlv,. (6)

In Fig. 1 the mobility in terms of the electric field
strength is shown. It can be noticed that the larger mo-
bility corresponds to InN, which can be ascribed to the
electrons having a smaller effective mass in InN than in
GaN and AIN.
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Figure 1. Dependence of the carrier mobility on the electric
field.

In Figs. 2a, b and c can be seen the dependence of
the drift velocity for the three materials with the elec-
tric field strength. As already noticed in the case of
the mobility, the smaller the carrier effective mass the
larger is the drift velocity (the current). At low fields,
an Ohmic region is present, however, limited to fields of,
roughly, 20 kV/cm, 7 kV/cm, and 3 kV/cm for AIN,
GaN, and InN, respectively. Beyond this value there
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follows a departure from the Ohmic behavior (notice transport characteristics (focusing on the electron mo-
the break in scale in the horizontal axis). bility and ohmic/non-ohmic behavior of the electron
drift velocity) of wurtzite GaN, AIN, and InN using
quantum transport equations derived from the nonequi-

§ ] librium statistical ensemble formalism. The regions
2 1o with ohmic and non-ohmic behavior in the electron
% vel drift velocity dependence on the electric field strength
a (a) were characterized in the three nitrides. The electron
£ "] mobility was calculated, and it was shown that the
g o4 larger corresponds to InN, and the smaller to AIN.
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