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Behavior of p-Type Dopants in HgCdTe

M.A. BERDING, A. SHER, and M. VAN SCHILFGAARDE
SEI International, Menlo Park, CA 94025

Obtaining high concentrations of active p-type dopants in HgCdTe is an issue of
much current interest. We dizcuss the results of our caleulations on column IE
and VA dopants. The full-potential linear muffin-tin orbital method, based on the
local density approximation is used to calculate electronic total energies and
localized levels in the band gap. Free energies are predicted and incorporated
into a thermodynamical model to caleulate impurity and native defect concentra-
tions as a function of temperature, stoichiometry, and total impurity density.
Copper, silver, and gold are found to be incorporated nearly exclusively on the
metal sublattice and to be 100% active for all near-equilibrium growth and
processing conditions, The density of interstitial copper is high enough toimpact
copper diffusion. In contrast, significant concentrations of phosphorus, arsenie,
and antimony are found on the metal sublattice where they behave as n-type
dopants, accounting for highly compensated, or even n-type material, depending
on the equilibration temperature and equivalent mercury partial pressure.
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INTRODUCTION

Obtaining high concentrations of p-type dopants in
Hg,..Cd,.,,Teis a topic of much interest in the devel-
opment of the next generation of high-performance
long-waveinfrared (LWIR) detectors.** Although dop-
ing p-type with the native mercury vacancy is pos-
sible, the transport properties and stability of va-
cancy-doped material are inferior to those of extrinsi-
cally doped material. The two choices for p-type
dopants are column I impurities substituting on the
cation sublattice site and column V impurities substi-
tuting on the tellurium sublattice. The column I
impurities copper, silver, and gold, although active in
the lattice, are relatively fast diffusers and therefore
may be less desirable for certain applications. In
contrast, the column V impurities are slow diffusers,
although it is experimentally observed® that they are
not always incorporated as p-type dopants, and in
some cases even n-type behavior is observed.

We report on our investigation of the properties of
the Group limpurities copper, silver, and gold and the
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Group V impurities phosphorus, arsenic, and anti-
mony. First-principles calculations are used to calcu-
late the electronic energies of the impurities at vari-
ous positions in the lattice and also their ionization
states, Defect free energies are then caleculated, based
on these ab initio energies and are incorporated into
a thermoydyamical formalism to predict the equilib-
rium densities of neutral and ionized defects as a
function of growth and processing conditions.

FREE ENERGIES

Electronic energies for the solids were calculated
by using the full-potential linearized muffin-tin or-
bital (FP-LMTO) method within the local density
approximation (LDA) of Barth and Hedin.? To ensure
a good fit to the charge density and potential in the
interstitial region of the non-closed-packed zine-blende
lattice, empty spheres have been included, and orbit-
als added to the basis by centering them on the empty
spheres. Both the charge density inside the spheres
and the tails of Hankel functions centered on a neigh-
boring ephere were expanded tol = 4. For the calcula-
tion of the point defects, 32-atom supercells of defects
were constructed, and defect energies extracted by






