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The interface energy spectrum in real band-inverted PbTe/SnTe het-
erojunctions formed both in the (111) and (001) planes is calculated. It is
shown that even if the valence band of SnTe lies above the conduction band
minimum of PbTe, the interface, midgap states may still exist due to the
strain effect on the band gaps.

PACS numbers: 73.40.Lq, 71.50.+t

1. Introduction

In heterojunctions formed by semiconductors having inverted order of the
bands and overlapping gaps, there were found bands of electron and hole interface
states which are gapless and have a linear dispersion [1, 2]. A model of such
a heterostructure is a PbTe/SnTe heterojunction formed in the (111) plane. So
far, all the results [1, 2] were limited to a single [111] valley which is directed
perpendicularly to the junction. In the present contribution, the interface states
associated with the remaining three [111]-type valleys and the interface states
generated when the junction is formed in a (001) plane are considered. The effect

. of the strain at the heterojunction is also considered.

2. The Hamiltonian

In the two-band model of a A4B® semiconductor the Hamiltonian is of the
Dirac form

P vy 0 O
H= -2—gﬂ+ Zaivijpj: vij=| 0 wvr 0 |, )
i,f 0 0 v,

(805)
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Fig. 1. Diagram of the inverted-band heterojunction.

where p = —iiV, a; and 3 are the Dirac matrices, v, and v are interband matrix
elements having the dimension of velocity, and ¢, j = #,y, z. The z axis is chosen
to be parallel to the (111) direction.

In order to determine the energy states at the interface, it is assumed that the
junction is formed at z = 0 (Fig. 1) and that the energy gap depends
on z (Eg = Eg(2)) in such a way that for z = o0, Eg(co) = EX > 0, and for
z=—00, Eg(~00)=EL <0.

" The alignment of the gap centers is described by a function V(z), which for
an abrupt junction is of the form [2]:

A
V(z)=Vo + §Eg(z), (2)
where '
Vo= VY- 2FL = VR - 2R
b= Vi B =VE- gk
is the value of V(z) at the crossover point, while V1 and VE are the values of
V(z) for z = —o00 and z = 4o respectively. The parameter A is defined as
y o AVE-VE) ‘
Eg - ER

If the gaps are aligned (V(z) = const); the wave functions which describe bound
states at the interface are of the form

+exp(i@/2)
iexp(i@/2) . [ /2
E. _
i exp(—i0/2) _exp(ik- r)exp |(—1/2hv,) A Eg(z)dz|, (3)
exp(i©/2) )
where exp(i0) = (ps +ipy)/p, p = /p% + p2. The scale of variation of the wave
functions is I = Eg(00)/2hv,.

vy =
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3. The interface states

Solving the eigenvalue problem at the condition of Eq. (2), one obtains the
following gapless interface spectra:
e Junction in (111) plane, the [111] valley

Ey =Vo4vipV/1- A2 ' (4)

with “4” for electrons and “—” for holes.

o Junction in (111) plane, the (111}-type valleys These valleys make an angle
© with the z direction such that cos @ = 1/3. Transforming the Hamiltonian for
these valleys to the junction coordinate system one obtains '

Ey=Vot 5-”-*%‘3”—’1)\/1 — e, | (5)

This threefold degenerate branch coexists with that of Eq. (4).

e Junction in (001) plane
In this case there are four equivalent [111] valleys which make an angle © with the
z axis, such that cos @ = 1//3. Performing relevant Hamiltonian transformation
one obtains fourfold degenerate spectrum

Ey=Vot -U—J‘—-*—s;—z&p\/l Yy (6)

The interface spectra of Egs. (4)-(6) exist only if the energy gaps at least partly
overlap.

4. The effect of strain

Owing to the difference in the lattice constants of PbTe,a = 6.45 A, and
of SnTe, a = 6.31 A [3], the PbTe/SnTe heterojunction is strained. The resulting
in-plane strain, ¢ = 2 x 10~2, is compressive for PbTe and expansive for SnTe.
The effect of the strain is to shift the valence and the conduction bands. The shifts
depend on the deformation potentials of the bands and on the elastic stiffness
coefficients of the junction materials [4]. In the present calculations the elastic
coeflicients were taken from Ref. [3], and the deformation potentials from the
calculations of Rabii [5] for SnTe and of Fereira [6] for PbTe. The data of Rabii and
Fereira were divided by a factor of 1.09, to fit them to the energy gap hydrostatic
pressure coefficients of —7 x 10~!! ¢V /Pa for SnTe and +8.8 x 107! eV/Pa for
PbTe [3].

Results of the energy shifts calculations are shown in Fig. 2. The band offset
A seen in Fig. 2 is not known. It is however found (7, 8] that A > 0. In this case,
it can be concluded from Fig. 2 that the interface states can exist only if in the
(111) junction PbTe is strained or if in the (001) junction SnTe is strained. The
strained energy gaps enter Eq. (2) only if the localization length ! of the interface
excitations in z direction is smaller than the critical thickness h for the generation
of the misfit dislocations. Otherwise, for L > h the energy gaps which enter Eq. (2)
are the bulk gaps, which means that the strain does not affect the interface energy
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Fig. 2. The strain effect on the energy gaps of SnTe and PbTe.

spectrum. The estimation for the materials in. question give 10 A < 1< 40 A, and
h &~ 100 A [7]. Thus, if in PbTe/SnTe junction A > 0, the interface excitations
can exist only due to the strain effects.
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