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Arsenic Incorporation during MBE growth of HgCdTe
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We discuss the equilibrium model of the amphoteric behavior of arsenic in
Hg(CdTe and its applicability to material grown by molecular beam epitaxy.
Suggestions are made on how to achieve active incorporation by manipulating
the surface orientation, or by using precursors that provide steric hindrance.
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INTRODUCTION

Hg, .Cd Te is the material system of choice for
high-performance sensing in the long-wave infrared
(LWIR). The p-on-n heterojunction device' is cur-
rently the preferred device design, in which a wider
gap p-type cap layer is grown on an LWIR n-type base
layer with x = 0.22. Although doping of the base layer
with ~10% em-* indium is well in hand, the cap layer
doping is more complex.

Both group I and group V elements are candidate
acceptors in 11-V1 compounds and alloys. The group V
elements have been identified as the most desirable p-
type dopants in HgCdTe because of their low diffusion
coefficients.” Amphoteric behavior of the group V
elements has been observed in solid state recrystal-
lized® and liquid phase epitaxial (LPE)® material,
with incorporation as an acceptor under mercury-
saturated conditions, and as a donor or neutral under
tellurium-saturated conditions. Molecular beam epi-
taxy (MBE) iz done at much lower temperatures than
LPE, and thus offers some advantage in terms of
junction stability during growth. However, with MBE
under growth conditions that result in high-guality
material, following a post-growth anneal under mer-
cury saturated conditions at 250°C to remove cation
vacancies, the group V impurities are observed to
produce n-type material. Activation anneals at higher
temperature have been used torender the cap layer p-
type." Ifactivation anneals are performed at tempera-
tures much above the growth temperature or for very
long times, the advantages of the low growth tem-
perature of MBE are diminished. Although models of
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the amphoteric behavior of the group V impurities in
HgCdTe have been suggested,®7 there iz no general
consensus on the microscopic mechanism of group V
element incorporation in MBE material. Arsenic is
the group V element that has received the most
attention in recent vears, and we will focus on it for
the remainder of the paper.

In our previous work, we have calculated the prop-
erties of arsenic using an electronic quasichemical®
statistical method, with energies deduced from a#b
initrocaleulations, and shown that in equilibrium the
group V dopants reside on the anion sublattice where
they behave as acceptors only under mercury-satu-
rated conditions.” Under tellurium-saturated condi-
tions, the arsenic atoms incorporate on the cation
sublattice where they behave as donors. This model of
arsenic incorporation is consistent with the anneal-
ing properties of LPE material grown from the tellu-
rium melt and the mercury-partial-pressure-depen-
dence of arsenic diffusion.” Because MBE takes place
under tellurium-saturated conditions,'” we concluded
that incorporation on the cation sublattice is reason
for n-type character of both as-grown MBE material
and MBE material that has been subjected to an
anneal under mercury-saturated conditions at 250°C
to remove the cation vacancies, We have also pro-
posed annealing strategies to affect the transfer of
arsenic atoms from the cation to anion sublattice.” In
the present paper, we expand on our previous equilib-
rium calculations; some nonequilibrium characteris-
tics of MBE are also discussed, and means to manipu-
late the growth and annealing processes to obtain
extrinsically doped p-type material with p= 10" em?
without subjecting the materials to temperatures
above 250°C are suggested.
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