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Abstract

In this paper, the global existence and the large time behavior of smooth solutions to the initial
boundary value problem for the multi-dimensional energy transport model are studied. It is also
proved that the solutions of the problem converge to anisothermaldrift–diffusion model as energy
relaxation timeτ goes to 0 by compactness argument with the help of energy estimates and entropy
inequality.
 2005 Elsevier Inc. All rights reserved.
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1. Introduction

In recent years, a class of strongly coupled parabolic systems with cross diffusion terms
were derived from applied science. In real applications, due to more information included,
such class of cross diffusion models describe the phenomena more clearly than the classical
weakly coupled diffusion systems. But very few theoretical results have been obtained up
to now. It is well known that if the system is not weakly coupled, no general theory like the
results in [15] can be used directly. In fact, the structure is completely different from the
weakly coupled case so that the usual method including the maximum principle and the
regularity theory for parabolic equations cannot be used.

In the present paper, we will study a system, i.e. energy transport model, derived from
semiconductor simulations. For more details of the energy transport model, we refer to
[1,2,8,13,14,17]. The energy transport model is a degenerate quasi-linear cross diffusion
parabolic system with principal part in divergence form. The common form of the energy
transport model is governed by the system
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where the parametersµ and T are chemical potential of the electrons and the electron
temperature respectively,V is the electrostatic potential,ρ(µ,T ) is the electron density,
U(µ,T ) is the density of the internal energy,W(µ,T ) is the energy relaxation term sat-
isfying W(µ,T )(T − T0) � 0, where the positive constantT0 is the lattice temperature,
J1 is the carrier flux density,J2 is the energy flux density, or heat flux,L is the diffusion
matrix, λ is the scaled Debye length, andC(x) is the doping profile which represents the
background of the device. The expressions forρ, U , L andW are constitutive relations.
Various forms, corresponding to different models, are found in the literature.

In a parabolic band structure, the relations forρ(µ,T ) andU(µ,T ) derived from the
Boltzmann statistics are

ρ(µ,T ) = T
3
2 exp

{
µ

T

}
, U(µ,T ) = 3

2
ρT . (1.3)

Several authors have recently studied stationary energy transport models [4,6,10] and
have obtained useful results. For the transient case, the first results on the existence of a
weak solution and its large time behavior for a more general parabolic system were ob-
tained by P. Degond et al. [7]. They employed semidiscretization in time and entropy func-
tion under the physically motivated Dirichlet–Neumann boundary conditions and initial
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