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Abstract

Energy diagrams used to describe superlattices built by
alternate doping are based on electrostatics, while those
for heterostructures use potential barriers to simulate the
effect of interferences produced by peri;adic potentials limited

in space.
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Since Esaki and Tsu' showed the feasibility of producing super-
lattice structures, the energy diagrams which they proposed to de-
scribe them are widely used to visualize and calculate a variety
of physical situations?.

In the case of superlattices built by alternate p-n-p-n-. .. doping,
the conduction and valence bands of the host semiconductor are pa-
rallel (Fig. la), and their common slope at any place £ can be in-
terpreted as an electric field E(£) acting on the carriers (elec-
trons and holes). The static field E{{) arises from the uncampensated
ionized donors and acceptors at the insulating junctions. This con
cept is used throughout 1n_describ1ng the functioning of devices
based of p-n junctions?®. -

In the case of superlattice heterostructures built with alterna-
te 1ayérs of different semiconductoré, the conduction and valence
bands of the device are drawn in real space as to exhibit the dif
ferent energy gaps of the constituent semiconductors and, therefore,
the bands cannot be parallel everywhere. This is shown in Fig. 1b,

for 4 superlattice composed by semiconductors with energy gaps:

Ed, and ggz; the - smooth interpolations at the junctions

describe a narrow region of graded energy gap which might result
from a gradual change in semiconductor composition. In general, the
relative energy distance of the conduction bands of the semiconduc
tors has to be determined experimentally.

I would like now to call the attention to the fact that in the case
of heterostructures tﬁe slopes of the conduction and valence bands
at the interfaces are different, and thus, it isno longer possible to

think in terms of an electric field. It would be physically incon-

sistent to associate an electric field to each slope since they are - different



and, at the same time, they are supposed to act at the same place. It has
been my experience that when this point is brought out, the reacticn is one of
surprise. Actually, the two cases are campletely different and the proposed e-
nergy diagram for heterostructures requires some detailed justifi-
cation.

First of all, I would like to emphasize that in contrast to the case
of alternate doping superlattices, the energy diagram for hetero-
structures is not based oﬁ electrostatics,

It is well known that a periodic potential gives rise to an ener
gy band structure; there is a certain energy range within which the
carriers cannot propagate in the material (the forhidden energy gap) .
This results from a destructive interference of the caréier wave-
function in the periodic potential. Thus, a semicondutor behaves
like a potential barrier to electrons with energies between the bot
tom of the conduction band and the top of the valence band, in the
sense that they are reflected back if impinging on the semiconduc-
tor. If, however, the periodic potential is limited in space (thin
gsemiconducting layer), there is a finite probability of tunneling
through. It turns out that in the limit in which the transmission
. probability is small, the effect of the periodic potential can be

fairly well simulated by a ﬁotential barrier where the carriers tun-
nel with an "effective mass" appropriate to the forbidden gap. This
effective mass is obtaiﬁed from the energy vs. wavevector relation
for energies corresponding to the gap, where, of course, the wave
_vector is purely imaginary in this energy region. The details of
the calculations fot a one dimensional model are given in Ref. 4.
Thus, the possibility of replacing a periodic potential limited in

space by a potentiai barrier justifies the use of an energy diagram



of the type of Fig. lb to describe heterostructures with thick enough
semiconducting layers. Calculations using the true atomic potentials
show that indeed the poténtial barrier approximation is not satis-
factory for superlattices whose components have only a few $10} mo
nolayers®. Usually, these subjacent considerations are not expli-
citly stated when the superlattice energy diagram is used to visua
lize some physical process or to calculate the band structure of
the superlattice.

In sum, the energy diagram of Fig. la is determined by the elec-
trostatic charges of uncompensated donors and.acceptors,vﬁﬁlé that
of Fig. 1b describes an enterely different physical situation in
which the effect of interferences within a periodic atomic poten-
tial is simulated by potential barriers.

I thank Dr. W. Baltensperger for a_dritical reading of the manus

cript.



FIGURE CAPTION

Fig. 1 - Energy diagrams commonly used to describe superlattices,
(A is the periodicity of the superlattice).
a) with alternate doping {host semiconductor with energy
gap Eg), b} heterostruqture with semiconductor gaps Egl

and Egz. Dotted lines show the slopes at position £.
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