Cellular automata studies of vertical MOSFETSs
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ABSTRACT

This paper presents an overview of the celhglar au-
tomata (CA} method for semiconductor device simula-
tion. The main advantages of the CA method over the
Monte Carlo {MC) approach are presented, and limi-
tations of its modeling capability are discussed. As an
application, systematic theoretical CA studies of verti-
cally grown, nanometer scale, MOSFETs are presented.
The predicted drain characteristics and output conduc-
tance are in excellent agreement with experimental data.
The results of the simulations clearly show that in these
structures impact ionization is of minor importance. The
inclusion of an inhomogeneous p—doping profiles along
the channel is investigated, which is shown to improve
current saturation and therefore allow the reduction of
the device dimensions.

Finally, preliminary results obtained with a new, im-
proved, CA approach are shown as well. This new method
includes a full-band representation of the semiconduc-
tor’s electronic structure.
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CELLULAR AUTOMATON

As a numerically efficient discrete variant of the MC
technique [7], the CA method [8] has been shown to
significantly reduce the computational burden required
by particle based simulation approaches. )

In Fig. 1 the structure of a typical particle-based
semiconductor simulation program is shown. The fol-
lowing discussion will focus on the matching of the two
main components of the algorithm: the Poisson solver
and the carrier dynamics simulation engine. These com-
ponents are executed sequentially, along a terporal dis-
cretization scheme, in order to ensure the consistence be-
tween the charge carriers distribution and electric field.

In other words, within the adopted scheme, the field
is computed at a given instant of the simulated time, and
taken as constant in the course of a time step 0¢. During
dt the dynamics of the carries under the effects of the
field itself is calculated. Since the carrier distribution
in phase-space changes under the effect of the electric
field, and due to the interactions with the host material,

a new field is computed at the end of ét, according to

the new distribution.
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Figure 1: Simplified flow-chart of a typical Monte Carlo
or cellular automaton procedure.

Since the field is kept constant during the 8¢ temporal
window, the length of such interval is crucial [5] for the
correct application of the method.

While several approaches are used to solve Poisson’s
Equation, only two methods are known within the parti-
cle-based framework to simulate the dynamics of charge
carriers. Both the CA and the MC approaches track
the particle motion in the phase-space. The main dif-
ference between the two methods is the selection of the
state after a scattering. The MC algorithm is based on
a scattering table where the probability of scattering is
tabulated as a function of the energy or momentum of
the charge carrier. The table is accessed at the end of
a given time step (shorter than &¢) to pick a scattering
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