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1. Introduction

The ion implantation technique is widely used
in fabricating VLSI devices. To use wafers
more efficiently and to integrate many
components onto one chip, the components
have become extremely small and their shape
increasingly complex. Since smaller
components have a shallower junction depth
and therefore greatly influence device
properties, details on not only
range distributions but also lateral impurity
distributions become very important.
Therefore, a theoretical analysis of ion
implantation is indispensable for VLSI device
design.

To date, several computing techniques for the
theoretical treatment of ion implantations have
been proposed [1]-[4]. However, with these
techniques, treatment of complex or
multidimensional targets is insufficient, or
requires much calculation time.

To improve on these points, this paper
presents a new formulation, in which the
Fokker-Planck approximation is applied for the
first time to ion implantation and is solved
numerically with the finite element method.
The LSS theory calculates only a few moments
of the distributions of ions, but the
distributions cannot be determined from these
moments. Using a Monte Carlo method,
individual ion trajectories can be calculated but
the resulting fluctuations usually need to be
smoothed to get a practical distribution. In the
so-called Boltzmann transport equation
method, ion trajectories are statistically
weighted, and the ions are treated like a fluid.
These two methods treat details of individual
ion movements, and therefore require many
calculations.

2. Method

First, the Fokker-Planck equation method is
briefly described.

The ion movements are given by the
Boltzmann transport equation.
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is a collision term.
Scaling by the mean free path, the collision
term of the Boltzmann transport equation is
transformed to the Fokker-Planck equation.
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<Av>=] d(Av)AvP(v,Av)

<AvAv>=f d(Av)AVAVP(v,Av)

P(v, Av) is the transition probability
during At, and the velocity v changes by a
small Av from v.

The Fokker-Planck equation is a diffusion
equation in phase space. Therefore, for easier
treatment of a complex shaped specimen, the
Fokker-Planck equation can be discretized
using the Galerkin method and then integrated
by the forward Euler method.

As a nuclear potential, the Moliere potential is
used and for the electronic stopping power, the
Linhard formula, with a correction factor
K/KL=1.59 for B, is used
3. Experimental data
(1) B+ ions were implanted using 25 keV to
150 keV energies, and oblique incident beams
(6° off Si(100), rotation angle 127° )were used
to avoid channeling.

(2) As+ ions were implanted using 10 keV to
50 keV energies, and oblique incident beams
(7° off Si(100)) were used. (Nakata [5])

(3) P+ ions were implanted into a trench using
an energy of 2.2 MeV followed by 10 min. of
annealing at 900°C .

4. Results and Discussion

Comparisons of range distributions between
the experiments and the calculations are shown
in Fig. 1, and Fig. 2. These distributions are in
good agreement with each other. On the other -
hand, the calculations [6] based on the LSS
theory are incorrect. The differences between
experiments and calculations at the tail region
are due to channeling,

A two-dimensional profile of experimental
data (3) is shown in Fig. 3, and the result of the
calculation is shown in Fig. 4. In Fig. 3, the
white lines represent the contour of impurity
concentration on the order of 107 atoms/am3 .
The result of the calculation, as shown in Fig. 4,
is in good agreement with the experimental
data. It also shows that for the case of high-
energy implantation into a trench, except for
the side wall reflexion, which is negligible,
invasion from the side wall is not negligible.
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5. Conclusion

A two-dimensional analysis technique for ion
implantation using the Fokker-Planck equation
was described for the first time. The results of
the calculations were compared with those of
experiments. The range distributions show
good agreement and the two dimensional
impurity concentration profiles show good
agreement in both their order of magnitude
and their shapes. This method gives very
useful imformation for the designers of VLSI
devices.

The authors would like to thank Tadashi
Suzuki and Tadashi Kamata for their
collaboration in these experiments.
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Fig.1. Range distribution comparisons between
experimental data and calculations for B
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Fig.2. Range distribution comparisons beteen
experimental data and calculations for As
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Fig.3. Impurity concentration profile
by Etching-TEM
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Fig.4. Impurity concentration
by F-P method
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