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The potential of charged mmpurity in thin semiconductor film was calculsted.
The film is considered to be cut out from the massive compensated semiconductor,
in which the three-dimensional Debye-Huccel correlation of the impurity ions is
frozen st the crystallization temperature. For the films, the thickness of which is
much larger than the screcnng radius, the potential depends cssentially on the

The potential of the impurity ions in thin semiconductor films differes
essentially from that of the massive semiconductor. This is the result of the
fact that the largest part of the force lines of electrostatic field of the
impurity ion inside the film is locaied in the environment, dielectric
properties of may strongly differ from those of the film's material [1}. From
the other hand, there is Debye-Huccel correlation of the impurity ions in
the melted semiconductor and this correlation is frozen during the process
of crystallization [2]. The screened potential of the impurity depends
essentially on the method of the preparation of film. If the film is prepared
by the vacuum ecvaporation method with the thermal treatment, then
correlation between the impurity ions and therefore there screening is
formed by the potential, which differs from the Coulomb potential in the
massive sample. In this case the screened potential of the impurity has
formally the same form as the potential in film, screened by the free
electrons [3]. The difference is that the Debye-Huccel radius in this case is
determined by the impurity ion's concentration and the thermal treatment
temperature. But if the film is prepared from the layered semiconductor by
cutting out method, then the correlation between impurity ions is the same
as in the massive sample, frozen during the process of its thermal treatment.
The potential of impurity ion in this case must be found as a solution of
Poisson cquation inside the film. Right part of this equation must contain
the charge density of ion in the form of § -function and additional charge



density, which appeares near this ion because of frozen correlation of the
We consider the compensated semiconductor, in which the average
concentrations of positive and negativeionsare i, =0 = n.
The screened potential of jon with the charge e in the environment
with the diclectric constant £ is

P(R) = ‘—‘;e" m

where the inverse radius of screening & is determined by expression
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The temperature T in (2) is the temperature of crystallization at which
the correlation between the positive and negative impurity ions is frozen.

During the screening of the ion's ficld the additional charge density
appeares near this ion. It may be casely found acting by Laplace operator
on the potential (1):
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additional charge density (3). The Poisson equation for the Fourier-
component of the potential may by written in the form:
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k and I are two-dimensional vectors on the film's plane, z - axis is
perpendicular to the film's boundaries and the beginning of z - coordinates
is chosen 10 be in the centre of the film. The charge € is located on the z-
axis in the point z’.

The Fourier-component of the density is determined as (5):
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substitution into the formula of Fourier-transformation of potential

1
P:(z-2')= ;_L!s.._ e~ dk, ™

well-known expression of the three-dimensional Fourier-component of the
screened potential (1):
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Thus, substituting (8) in (7) and calculating the integral by means of the

integration in the complex plane, we obtain:
r;rz—fj-%a‘a"‘" , K=k +2 ©

As a result, general solution of the equation (4) may be written as a sum of
geaeral solution of equation (4) without right part and expression from (9):
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Cocflicients A, arc found from the conditions of continuation of
potential and z - components of the electric induction vector on the film's
boundarics (diclectric constant of surrounding environment is &,):
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an

d s the film's thickness.

Taking into account (11), one can write the expression (10) for the
Fouricr-component of potential in the form:
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In the case, when screening radius is much larger than the film's
thickness &d << 1, potential (12) has the known form of unscreened
potential inside the film [1].

Let us consider the situation, when the diclectric constant of film
£ >> g, and screening radius is much less than film's thickness =d >> 1.
For the distances r >> d the Fourier-components with such k as kd << 1
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and changes from e 53 hth:ndd:nl‘th:ﬂnﬁl—u+a ) on its
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as in the unscreened case but it depends essentially on z’-ion's coordinate in
Z -direction.

In conclusion it must be mentioned, that the condition =d >> I means
that in this case average distance between impurity ions is much less than
distances for which one can use the expression (13). That is why it will be
wrong to consider one-impurity states using approximate expression (13).
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