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We present a theoretical examination of the behavior of lithium, sodium, and
copper in Hg,..Cd, . Te and in CdTe. In both HgCdTe and CdTe, all three
impurities are determined to incorporate predominantly on the cation sublattice
for most pressures and temperatures, where all the impurities have acceptor
levels. All three impurities have secondary incorporation as interstitials, where
they all behave as donors. Under conditions present in low-temperature, mer-
cury-saturated anneals, lithium and sodium are mobilized because of the
relatively high interstitial fraction, lower solubility, and an exothermicimpurity
kiek-out reaction when the material is subjected to an injection of mercury
interstitials. Strain effects on the impurity incorporation are small and do not
provide a strong driving force for these impurities to segregate. By examining the
relative behavior of the impurities in CdTe and HgCdTe, we have derived
prescriptions for maximizing gettering the impurities from CdTe-based sub-
strates using a sacrificial HgCdTe epilayer, and for minimizing gettering from
the substrates during epilayer growth.
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INTRODUCTION

Lithium, sodium, and copper are all impurities
which in most HgCdTe-based device structures are
considered undesirable, but that are often observed to
be present. Copperisa known fast diffuserin HgCdTe,
and although in some cases it is introduced intention-
ally as a p-type dopant, its high diffusion coefficient is
a liability in subsequent processing steps. It is known
that copper present in Cd, Zn Te substrates (with
nominally x =0.04) out-diffuses into HgCdTe epilayers
during growth and can lead to undesirable effects.’*
Copper has also been observed to getter in tellurium
inclusions present in substrates.? Less work has been
done on the properties of lithium and less still on the
properties of sodium in HgCdTe, but both are typi-
cally characterized as fast diffusers.? Lithium gettering
to regions of damage and high vacancy concentration
has also been observed.*

In previous work,” we examined the properties of
copper in x = 0.22 HgCdTe and found that although
copper atoms reside primarily on the cation sublattice,
a significant fraction was incorporated interstitially.
In this paper, we discuss our recent work on the
fundamental properties of copper, lithium, and so-
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dium in HgCdTe and CdTe. We will also discuss the
relative interaction of copper with the CdTe-base
substrates and Hg,..Cd, . Te epilayers and suggest
strategies for encouraging or discouraging out-diffu-
sion of the impurities from substrates.

APPROACH

The ecaleculation of thermodynamic behavior of
impurities in HgCdTe can be divided into two major
parts: (1) the calculation of energies of the impurities
in various possible configurations in the lattice; and
(2) the statistical theory from which the concentra-
tions of the impurities in the various configurations
can be predicted.

In this paper, energies for the impurities lithium,
sodium, and copper (X) in a number of configurations
in the lattice were considered (which we refer to
collectively as “impurity defects”):

+ X . the impurity substituting on the cation
sublattice
*+ X, the impurity substituting on the anion
sublattice
= X, the impurity incorporating interstitially at
both tetrahedral interstitial sites.
In addition to the arsenic defects, various native point
defects were included:
* V. the cation vacancy
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