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Most recent nanometric semiconductor devices like RITDS (Resonant interband
tunneling diodes) [1, 2] exhibit a full quantum behaviour which can be exhaustively
understood only starting from the Schrödinger equation. Yet, this “exact”, formu-
lation is too complicated to deal with, since the Hamiltonian should take in account
the external field potential and the potential barriers due to the heterogeneous struc-
ture of the device besides the periodic potential of the crystal (we disregard in our
models the field due to impurities, magnetic fields and electronic spin).

In this paper we are interested to perform and compare two simplified models,
deduced from the Schrödinger equation, which are able to simulate interband tun-
neling between conduction and the upper (not degenerate) valence band. The tool is
an expansion of the full wave function in a suitable orthonormal and complete L2 ba-
sis. The “coefficients” of this expansion are the so–called envelope functions, which
represent a smoothed version of the wave function. The Kane model [3] is obtained
choosing as a basis the periodic part of the Bloch functions, the so–called Wannier
basis, un,k(x) [4] evaluated at the point k = 0, where it is assumed that the mini-
mum for the conduction band and the maximum for the valence band in the crystal
momentum representation occur (n is the band index and in the case here faced we
have n = c, v). The Kane model is represented by a system of two Schrödinger–like
equations (here we limit ourselves to the one–dimensional formulation):
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where ΨKane
c and ΨKane

v are, respectively, the conduction and valence band envelope
functions (in the Kane representation), i is the imaginary unit, ~ is the reduced
Planck constant, m is the bare mass of the carriers, Ec and Ev are the minimum of
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the conduction band energy and maximum of the valence band energy respectively,
including the effect of the external field, and P is the coupling coefficient between
the two bands. The Kane model has been discussed in a recent paper [5] and its
Wigner formulation has been performed in [6].

In the second part of the paper we use a similar, but different approach in order
to perform a possibly alternative model. We start choosing another basis where
to project the wave function, which can be considered a better approximation of
Wannier basis than the one supplied by Kane basis. We denote this basis as Kohn
basis [7, 8] and its elements are given by:
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The system of Schrödinger–like differential equations obtained for Kohn envelope
functions writes as follows
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where ΨKohn
c and ΨKohn

v are, respectively, the conduction and valence band envelope
functions (in the Kohn representation), Ec and Ev are the unperturbed minimum of
the conduction band energy and maximum of the valence band energy respectively,
m∗ is the effective mass of the carriers, Eg = Ec−Ev and V is the external potential.

The final perspective of the work is to develop numerical simulations for both
models and compare them in order to test their possible range of validity.
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