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Semiconductor solid solutions of Hg_, ,AB,C,Te
type have been actively studied in the course of recent
20 years. Such a stable interest is largely attributable to
the unique properties of these materials, allowing their
successful use for manufacturing IR detectors, filters and
other instruments operating in the ranges of 3-5 and 8-
14 pm.

Alongside with traditional materials of this type,
including, in our opinion, HgCdTe and HgMnTe,
growing popularity is gained by 4-component solid
solutions HgCdMnTe and HgCdZnTe, possessing, as
shown in [1-2], a better temporal and thermal stability
and greater crystal perfection. The reason for this is a
smaller ion radius Mn®>" and Zn** as compared to
cadmium.

It is clear that the effect of manganese and zinc
additions is not restricted to the above phenomena. This
effect should also extend to band parameters of materials
and electrophysical phenomena occurring therein.

The purpose of this paper is to study the effect of
manganese and zinc in solid solution Hg; . ,A«B,C,Te
on electron effective mass.

As shown in [3-5], effective electron mass near the
bottom of conduction band in the nondegenerate case in
materials of Hg; ., ,AB,C,Te type is described by
expression:

m*e =m (1)
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Here Ep=2moP*/h*, A is the spin-orbit band splitting,
P is matrix element of pulse momentum operator, E, is
the bandgap, m, is the free electron mass.

The effective electron mass in a fully degenerate case
was calculated as follows [3]:
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where 7 is the electron concentration.

The bandgap, the matrix element of pulse momentum
operator, the distance to split out band were calculated
by the method described in [4].

Figs 1 and 2 show the composition dependences of a
parabolic equivalent of the electron effective mass for
HgCdMnTe (Fig.1) and HgCdZnTe (Fig.2) at
T=300K. As can be seen from these figures, the
effective electron mass in the nondegenerate case varies
much more with a change in the amount of manganese
and zinc, than with a change in the cadmium amount.
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Fig. 1. Composition dependence of the parabolic equivalent of

the effective electron mass in Hg,_,_,CdMn,Te at 7= 300 K.
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Fig. 2. Composition dependence of the parabolic equivalent of
the effective electron mass in Hg,_,_,Cd,Zn,Te at 7= 300 K.

In a completely degenerate case, the effective electron
mass should be calculated using the formula (2).

Figs 3 and 4 show the results of comparison between
the effective electron mass values calculated by this
formula in the fully degenerate case and the
experimental data. As is obvious from the figures, the
theory is in a satisfactory agreement with the
experiment, despite the fact that it was performed for
extreme cases of HgZnTe and HgMnTe. Thus, in our
view, the formula (2) is also suitable for description of
the effective mass of solid solutions under study.

In this connection, it is also interesting to compare
effective electron masses in HgCdMnZnTe and HgCdTe
for crystals with an identical bandgap. Table 1 presents
calculation results as compared to the data [7] at room
temperature.

From the table, it can be concluded that the effective
electron mass in HgCdMnZnTe somewhat exceeds that
in HgCdTe, this difference becoming greater as the

Table 1. Results of calculations of effective electron masses
in comparison with [7].
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Fig. 3. Effective electron mass in Hg;_,Cd,Zn,Te of various
compositions. Curve 1 —x=0; 2 —x=0.15; 3— x=0.2; 4 —
x =0.25. Experimental data (points) — from [6]. The carrier
concentration was chosen as n = 10" cm™.

content of manganese and zinc increases. It agrees well
with the conclusion made in [8] when comparing the
effective electron masses in HgMnTe and HgCdTe.
Comparison of our calculations with the results of [8] at
T=300K is shown in Table 2. It can be seen that the
effective electron mass in HgCdMnZnTe is somewhat
smaller (by about 15%) than in HgMnTe.

As regards the considerable divergence for samples
with £,=0.054 eV, a similar disagreement between the
theory and experiment can be also observed in [8], and
also towards a greater side. The reason apparently lies in
the fact that this theory would not work well with E,
approaching zero.

Thus, as can be concluded from our research, the
introduction of manganese and zinc into solid solution
HgCdTe increases not only the bandgap, but also the
effective electron mass.
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Fig. 4. Effective electron mass in Hg,_,_,Cd,Mn,Te of various
compositions. Curve 1 —y=0,n= 6.7-10"7 cm™; 2 —y=0,n=
24108 em™; 3 —y=0, n=2810%cem™; 4 — y=0.13, n=
2:10"® em™; 5 — y=0.15, n=2-10'® cm™. Experimental data
for HgMnTe (points) — from [7].
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Table 2. Results of calculations of effective electron masses
in comparison with [8].
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