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Abstract We prove the global existence of solution to basic semiconductor equa-
tions with heat conduction; If the domain is narrow in one direction, then the basic
equations has a unique steady-state which is locally asymptotically stable.
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1. Introduction

(1) We consider a nonlinear system of partial differential equations arising from
semiconductor theory (see [1]):

(A =L(n—p-N() (1.1)

div.J, — % = R(n,p,8) (1.2)
1 div.J, — g—iz = Rin,p, 0 (1.3)
h fc% — A8 = H(n, p, ), Vi, Vp, Vi) (1.4)

where 1 is the electrostatic potential, n and p are the densities of mobile holes and
electrons respectively, @ is the temperature. J_r.; = D, Vn—pu,nVip, jj., = D Vp+pu,pVip
are the hole and electron current densities, I}y, and Dy, are the diffusion coefficients for
holes and electrons, p, and p, are the mobility of holes and electrons. R is the net
recombination rate. N(x) is the density of ionized impurities. ¢ and g denote the
dielectric permittivity and the unit change. k is associated with the material. We
ASSUME fin, fp, Dy, Dy, €, g, k are positive constants. R(n,p,0) = r(n,p, 8)(np — 1(#)).
H represents local produced heat, one of the simplest forms is _,.[j;t -+ j;j}‘i?*;ﬁ:.
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The system (1.1)-(1.4) governs the transport of mobile carriers in a semiconductor
device. For details please see [2] or [3]. Most researchers neglect the influence of change
of temperature. Strictly speaking, the heat equation (1.4) should be included.

(2) On boundary condition: In this article we will only consider Dirichlet boundary
condition,

(3) Known results and recent developments: there are many results when 8 is
considered as a constant. On steady-states, the first existence result is established in
4] under condition R = 0; for more general existence result of steady-states, we refer
to [5-7]. On uniqueness of steady-states, we refer to [8-11] where partial results are
included. Generally physical considerations show that one has to expect non-uniqueness
of steady-states. On the global existence and unigqueness of solutions of (1.1) -(1.3) (@
is regarded as a constant), see [12], [13], [1]. On asymptotic behavior of solutions of
(1.1)-(1.3), partial results are obtained in [14] under very special boundary conditions,
On the basic equations with heat conduction, as far as we know, only Seidmann [15] and
Seidmann and Troianiello [16] obtained some results. In [15] they proved the existence
and uniqueness of solutions of (1.1)-(1.4) and the existence of periodic solutions. In [16]
they showed some results on the existence and uniqueness of solutions to (1.1)-(1.4)
and the existence of steady-state. No result is known on the asymptotic behavior of
the solutions of {1.1)-(1.4).

Recently we learned following interesting results from [17]: if © is sufficiently narrow
in one direction, § is a constant, then (1.1)—(1.3) has a unique steady-state and the
solutions of (1.1)-(1.3) converge to the unique steady-state exponentially.

(4) Our main results: in this paper we will try to extend the results of [17] to system
(1.1)—(1.4): first we established the global existence of solutions of (1.1)-(1.4); if £ is
sufficiently narrow in one direction, then (1.1)-(1.4) has a unique steady-state and it
15 locally asymptotically stable,

2. Existence and Uniqueness of Solutions of (1.1)-(1.4)
We impose following initial and boundary conditions:

n, P, @i=p = no(x), po(z), fo(z)

i - (2.1)
P, @Jﬂﬂ T ﬂ{ﬂ:, f}- fﬁh: '«t,l:ls- '9{:'5"- I], '{"I*'{H": f}

Theorem 1  Under following conditions, the system (1.1)-(1.4), (2.1) has a
unigque solution (n,p, 1, 8) € [CHIH2(QN for T > 0:0 < gt <y 0
L, (0,0) < (7,9), (ng,po) < (1,1), 0 < N(z) < N, where r,l, H are Lipschitz continu-
ous, r1,01, N are positive constants, i, 7,0, € CEfalte/2inLny. g, Po, Bp € C*T(0),
N(z) € C(Q), |H(n,p, 4, Vn,Vp, V)| < Holn,p, b, V) + Hy(n, p, ¥, Vib)|Vnl® +
Ha(n,p, b, V)| V|, where Hy, Hy are continuous, ly is some posttive constant, and
the compatibility conditions on ng and A, po and §,6y and 0 are always assumed.




