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A numerical simulation program for submi-
cron semiconductor devices has been developed
based on the balance equation method. The basic
equations for the carrier concentration, the carmer
velocity, the carrier energy are derived from the
Boltzmann transport ecuation. To simplify the
mathematical dervation and numerical computation,
1t is convenient to normalize all physical quantities
with respect to some proper factors so that we
have ecjuations of pure numbers. The transient be-
havior is descritized according to the
Crank-Nicolson scheme. The nonlinear equation
system 1s linearized by Newton iteration and the
two dimensional problem is reduced to one dimen-
sion by an altermating-direction-implicit method.

This formulation 1s very sutable to the implemen-
tation of parallel computation since each row or
column of the grid points in a semiconductor device
can be treated independently.
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The classical carrier transport problem is based
on the solution of Boltzmann transport ecuation
for the distribution function f'(7,p,t) in the po-

sition 7" and momentum p spaces as a function of

time £:
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where v 1s carrier velocity, e is the magnitude of



electronic charge, and ¢ is the electrostatic poten-

tial arising from the space charges in semiconductor

according to the Poisson equation.
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where g is the permitttvity, N 1is the dopant
concentration, and » is the electron concentration.
The balance equations for the carrier density n,
the momentum density #p ,, and the energy den-
sity #w, can be obtained by mtegrating both

sides of the Boltzmann transport equation (1) for 1,
D and w over the momentum space.
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where ¥V, = p, /m™* 1is the average dnft velocity,
m* 1s the effectrve mass, kj 1s the Boltzmann con-
stant, and & =5k;nT [2m* v (w) is the thermal
conductvity.

Since the cuantities np  andnw, on the
left-hand-side of (4) and (5) are the products of
two unknown quantities, these equations are
shghtly mconvenient. We must derrve the equa-
tions in terms of the average carier velocity v, and

average calrier energy w,
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The collision terms in the balance ecuations can
be represented by the ensemble relaxation rates.
(onlot). =-v (n—n,),
(o7, /ot). =—v V,,
(ow,lot). =—v (w,—w,).
The Monte Carlo method is generally used to
compute the ensemble relaxation rates as a function
of energy. The results for silicon can be expressed

as.
v =0
n
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V, =V +(vp3wj +V W, VW, + vpo)(l —ew,)
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wherev, =5x10"(N,/10%)"

ew :min(exp(—_ q(:B;_w")),l}

v, =6.782x10", v, =6063x10",

v,, =1500x107, v . =1174x10",

v, =2500x10", v =2338x10'",

and w, = 0.03.

To simplify the mathematical derrvation and
numerical computation, 1t is convenient to normal-
1ze all physical quantities with respect to some
factors so that we have equations of pure numbers.
In general, the dopant and carrier concentrations are
normalized to the intrinsic carrier concentration 7,

the potential to the thermal potential
V., =k,Tle, the energy to the thermal energy

w, =k,T, the velocity to v, =2k, T /m™, the

distance to the Debye length x, = ,/8SkBT/ e’n, ,
the time to #, =X, /v, . Therefore, (2), (3), (6),

and (7) become
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The Crank-Nicolson method will be employed
to solve the transient problem.
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where
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In the two dimensional problem, the velocity
¥, should resolve along x and y directions as v,
andv , while the function G, asG and G, - The
equation system can be written in the following
forms:
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where 7 ; represents the unknown variables n, ,
Ve Vou,o Wi and @, at the grid point (1))
The nonlinear ecquation system is sokved by the
Newton iteration method.
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A simple altemating-direction-implicit (ADI)
method is employed and the two dimensional
problem can be reduced to one dimension under
this condition.

(a) Along y-direction (j mnner loop, 1 outer loop)
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(b) Along x-direction (1 inner loop, j outer loop)
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This formulation 1s switable to the implementation
of parallel computation since each row or column
of the grid points in a semiconductor device can be
treated independently.
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