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Equilibrium Properties of Indium
and lodine in LWIR HgCdTe
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The equilibrium properties of indium and iodine HgCdTe are caleulated from ab
initio methods and compared with experimental results. Indium, a group III
element, is found to substitute exclusively on the group II sublattice, behaving
as a singly ionizable donor throughout the existence region. Indium forms a
neutral bound complex with a cation vacancy, and although this complex
accounts for less than 1% of the indium incorporation at the temperatures
considered =250°C, it will be important in the diffusion of the indium. lodine, a
group VII element, is found to substitute on the group VI sublattice, also
behaving as a singly ionizable donor throughout the existence region. Iodine is
found to bind strongly to the cation vacancy, and this neutral complex dominates
the incorporation under mercury-deficient conditions. Even under near mer-
cury-saturated conditions, at low temperature the complex is still present in
significant concentrations. Although iodine incorporation on the cation sublattice
is predicted, it never represents a significant source of inactive incorporation.
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INTRODUCTION

Indiumisthe primary n-type dopant used in HgCdTe-
based infrared devices. Although the behavior of
indium is relatively well understood in material grown
by liquid phase epitaxy (LPE) and molecular beam
epitaxy (MBE), and in material subjected to various
processing conditions, there remain a number of out-
standing questions—for example, regarding the
mechanism by which indium diffuses. There is also
interest in n-type doping of HgCdTe with the group
VIIA elements, and in particular with iodine. Indine
is the preferred n-type dopant in metal organic chemi-
cal vapor deposition (MOCVD), because of gas phase
reactions of the tellurium and indium precursors.
Iodine also diffuses more slowly in HgCdTe, a poten-
tial advantage for some applications. Like indium,
iodine appears to be a well-behaved dopantin HeCdTe.

The fundamental behavior of indium and iodine in
Hg,.Cd,.Te was examined in earlier work by
Vydyanath' and Vydyanath and Kriger.? In this pa-
per, the behavior of indium and iodine is revisited using
abinitio methods. The present analysis includes native
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defects, indium and iodine incorporation as isolated
or multiple species, and complexes of the dopant
atoms and native defects. The behavior of the dopant
atoms as a function of temperature and mercury
partial pressure, and as a function of dopant concen-
tration, are presented. We also discuss the expected
diffusion mechanisms for these dopantsin Hg, .Cd,, . Te,
based on the equilibrium defect concentrations.

APPROACH

The calculation of equilibrium behavior of indium
and iodine in HgCdTe can be divided into two major
parts: (1) the caleulation of free energies of native
defects and of indium and iodine atoms in various
possible configurations in the lattice; and (2) the
statistical theory from which the concentrations of
indium and iodine in the various configurations can
be predicted. In this paper, indium and iodine in a
number of configurations in the lattice are considered
(which we refer to collectively as “indium defects™ and
“iodine defects”). With X representing the indium or
iodine, our analysis includes the following defects:
X4y, indium or iodine atom substituting on the cation
sublattice; X,, indium or iodine atom substituting on
the anion sublattice; X;;, — X, near-neighbor pair of






