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Abstract. Numerical simulation of a three-dimensional semiconductor device is a fun-
damental problem in information science. The mathematical model is defined by a
nonlinear system of initial-boundary problem including four partial differential equa-
tions: an elliptic equation for electrostatic potential, two convection-diffusion equa-
tions for electron concentration and hole concentration, a heat conduction equation
for temperature. The electrostatic potential appears within the concentration equa-
tions and heat conduction equation, and the electric field strength controls the concen-
trations and the temperature. The electric field potential is solved by the conserva-
tive block-centered method, and the order of the accuracy is improved by the electric
potential. The concentrations and temperature are computed by the upwind block-
centered multistep method, where three different numerical methods are involved.
The multistep method is adopted to approximate the time derivative. The block-
centered method is used to discretize the diffusion. The upwind scheme is applied
to approximate the convection to avoid numerical dispersion and nonphysical oscilla-
tion. The block-centered difference simulates diffusion, concentrations, temperature,
and the adjoint vector functions simultaneously. It has the local conservation of mass,
which is an important nature in numerical simulation of a semiconductor device. By
using the variation, energy estimates, induction hypothesis, embedding theorem and
the technique of a priori estimates of differential equations, convergence of the optimal
order is obtained. Numerical examples are provided to show the effectiveness and vi-
ability. This method provides a powerful tool for solving the challenging benchmark
problem.
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1 Introduction

Numerical simulation of a three-dimensional semiconductor device of heat conduction
is a fundamental problem in information science. The mathematical model is defined
by four nonlinear partial differential equations with initial-boundary conditions: 1) an
elliptic equation for electric potential, 2) two convection-diffusion equations for electron
concentration and hole concentration, 3) a heat equation for temperature. The electric
potential appears within the concentration equations and heat equation, and the electric
field strength controls the concentrations and the temperature. The mathematical model
is formulated by a nonlinear partial differential system with initial-boundary conditions
on a three-dimensional domain Ω [1–4],

−∆ψ=α(p−e+N(X)), X=(x,y,z)T∈Ω, t∈ J=(0,T̄], (1.1a)
∂e
∂t

=∇·[De(X)∇e−µe(X)e∇ψ]−R1(e,p,T), (X,t)∈Ω× J, (1.1b)

∂p
∂t

=∇·
[
Dp(X)∇p+µp(X)p∇ψ

]
−R2(e,p,T), (X,t)∈Ω× J, (1.1c)

ρ
∂T
∂t
−∆T=

{
(Dp(X)∇p+µp(X)p∇ψ)

−(De(X)∇e−µe(X)e∇ψ)

}
·∇ψ, (X,t)∈Ω× J. (1.1d)

The electric potential, electron concentration, hole concentration and temperature are the
objective functions, denoted by ψ, e, p and T, respectively. All the coefficients of (1.1a)-
(1.1d) are bounded by two positive constants. α=q/ε, where q and ε are positive constants
and they denote the electronic load and the permittivity, respectively. UT is the thermal
voltage. The diffusion Ds(X) is related to the mobility µs(X), i.e., Ds(X) = UTµs(X),
(s = e for the electron and s = p for the hole). ND(X) and NA(X) are the donor im-
purity concentration and acceptor impurity concentration, respectively. N(X), defined
by N(X) = ND(X)−NA(X), changes rapidly as X approaches nearby the P-N junction.
R1(e,p,T) and R2(e,p,T) are the recombination rates of the electron, hole and temper-
ature. ρ(X) is the heat transfer coefficient. It is important to consider a nonuniform
partition in numerical simulation [5, 6].

Initial conditions:

e(X,0)= e0(X), p(X,0)= p0(X), T(X,0)=T0(X), X∈Ω, (1.2)

where e0(X), p0(X) and T0(X) are given positive functions.
In this paper, we concentrate on the Neumann boundary conditions:
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=
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∂Ω

=
∂p
∂γ

∣∣∣
∂Ω

=
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∂γ

∣∣∣
∂Ω

=0, t∈ J, (1.3)

where ∂Ω is the boundary of Ω, and γ is the unit outer normal vector of ∂Ω.


