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We report on the positron chemical potential, positron band effective mass, positron affinity, and positron
bulk lifetime in cadmium telluride under compression. The calculations are carried out using a pseudo-potential
approach. The ionic potential is treated using the point-core approximation. At zero pressure, our results agree
reasonably well with those reported in the literature. Upon compression, the positron characteristics vary mono-
tonically indicating that the positron annihilates differently in CdTe when pressure is applied. The present study
should provide essential information in the positron annihilation in CdTe under pressure.
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1. Introduction

II-V compound semiconductors have attracted much
attention during the last years [1-12|. This is due to
their potential use for technological applications, which
ranges from optoelectronic devices to luminescence bio-
logical tags. CdTe belongs to this family of materials
and crystallizes in the zinc-blende structure. The mate-
rial in question found a use as an infrared optical mate-
rial [13] and is considered as a suitable absorber layer for
CdTe/CdS solar cells devices [14-16].

The study of materials under high-pressure becomes
an important field for investigations. This is mainly due
to the development of the diamond anvil cell technology
and to the advancement of computational techniques and
new technological methods [17-26]. This has allowed for
investigation of several fundamental properties of semi-
conducting materials under high-pressure.

Positron annihilation spectroscopy and slow-positron-
beam technique are powerful tools for studying bulk
and solid surfaces [27, 28]. On the other hand, the
theoretical developments using the Monte Carlo simu-
lation techniques and other methods have allowed for
a satisfactory analysis and interpretation of experimental
results [29-37].

In this contribution, the positron behavior under high-
pressure in CdTe has been investigated. Features such
as positron chemical potential affinity, and bulk lifetime
are reported and their dependence on high-pressure are
examined and discussed.
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2. Computations

The electron wave functions have been calculated using
the empirical pseudopotential method (EPM) [38, 39|,
where the empirical pseudopotential parameters are op-
timized using the non-linear least-squares method, as de-
scribed in Refs. [40, 41]. Table I shows the energy band-
gaps fixed with the fits for CdTe at zero pressure.

TABLE I

Experimental band-gap energies for CdTe fixed in the
fits [42, 43]

Compound
CdTe

Ep_p [GV] EF_X [eV] EF_L [eV]
1.5045 3.48 2.47

The positron wave functions are described by plane
waves and the ionic potential is treated using the point-
core approximation. The wave function of the fully ther-
malized positron is considered in this work. More details
about the approach used were reported in Ref. [44].

The electron and positron chemical potentials are ob-
tained following the approach of Boev et al. [45], whereas
the positron bulk lifetime is calculated using the Siethoff
relation [46].

For pressures larger than zero, we used a procedure
similar to that used in Ref. [47] for obtaining the pseu-
dopotential form factors. The lattice parameter is deter-
mined using the Murnaghan equation of state. The input
data are those reported in Ref. [47] for CdTe.

3. Results and discussion

The positron chemical potential py is calculated from
the positron band structure. It corresponds to the lowest
energy in the band. At zero pressure, uy is found to be
—7.5408 €V for positron in CdTe. The variation of p as
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Fig. 1. Positron chemical potential in CdTe versus
pressure.
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Fig. 2. Positron affinity in CdTe versus pressure.

a function of pressure is displayed in Fig. 1. Note that
as pressure increases up to 30 kbar, p4 decreases mono-
tonically and non-linearly. The behavior of pi versus
pressure can be attributed to the decrease of the lattice
parameter under applied pressure which augments the
number of scattering, leading thus to the diminution of
the positron thermalization energy.

The positron affinity A, is an important parameter
in the understanding of positron trapping at interfaces
and precipitates [34, 48]. It is linked to both electron
and positron bands. A has been calculated in this work
using the expression [34, 49]:

Ay =p- +py. (1)
where p is the electron chemical potential.

At zero pressure, we predict a value of A, = —8.29 eV
for positron in CdTe. The variation of A as a function of
pressure is plotted in Fig. 2. By observing Fig. 2 one can
note that A, decreases monotonically and non-linearly
with pressure raising up to 30 kbar. The diminution

2851 CdTe
280
275 4
270 4
265 H

260

255 4

Positron bulk lifetime (ps)

250 +

245 . . . . . . . . . . .
0 5 10 15 20 25 30

Pressure (kbar)

Fig. 3. Positron bulk lifetime in CdTe versus pressure.

of Ay upon compression can be traced back to the
positron migration from the interstitial region to the
inter-nuclear spacing. This suggests that the positron
in CdTe under compression annihilates differently from
the positron in CdTe at zero pressure.

Another interesting parameter in the investigation of
positron annihilation is the positron bulk lifetime. The
latter has been calculated using the Siethoff relation [46].
Our findings yielded a value of 283.66 ps for positron
in CdTe at zero pressure. Barbiellini et al. [50] have
calculated positron bulk lifetime for zinc-blende CdTe.
Their results yielded values of 228 ps (using LMTO-ASA
within the LDA), 290 ps (using LMTO ASA within the
GGA), 228 ps (using the atomic superposition within the
LDA), and 310 ps (using the atomic superposition within
the GGA). Our result appears to be in better agreement
with the GGA calculations as compared to the LDA ones.

The pressure dependence of the positron bulk lifetime
in CdTe is illustrated in Fig. 3. Note that as pressure is
enhanced from 0 to 30 kbar, the positron bulk lifetime de-
creases almost linearly. In their recent paper, Fares and
Bouarissa [51] have linked the trend of the positron bulk
lifetime to that of the crystal ionicity in a given semi-
conductor material. Accordingly, we may expect that
the ionicity of CdTe decreases with enhancing pressure.
This is consistent with previous studies of the behavior
of ionicity in semiconductors under high-pressure [52].

4. Conclusion

Based essentially on the EPM, the positron charac-
teristics in CdTe under pressure were investigated. The
pressure dependence of the positron chemical potential,
affinity, and bulk lifetime was examined and discussed
while highlighting a decrease of all features of interest
when pressure is applied. These findings indicate that the
positron annihilates differently upon compression. The
parameters predicted in this contribution can serve as
a support for future experiments.
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