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Abstract. This paper presents theoretical and experimental investigations of narrow-gap 
semiconductors HgMnTe and HgCdMnTe. It has been shown that the comparison of 
temperature dependencies of the conductivity and Hall coefficient in the mixed 
conductivity region makes it possible to determine the content of cadmium and 
manganese, as well as the concentration of doping acceptor impurity. 
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Today Hg1–хCdхTe is a basic semiconductor material for 
manufacturing IR radiation detectors over a wide 
spectral range (1…14 μm), especially in a longwave 
window 8…14 μm. The reason is that this material 
possesses a number of unique physical properties, such 
as a smooth dependency of the energy gap on chemical 
composition, small effective mass and high mobility of 
electrons, possibility of changes in the carrier 
concentration of both p- and n- conductivity types over 
the wide range (1014 < n, p < 1018 cm–3) by technological 
methods [1]. 

At the same time, Hg1–хCdхTe has a variety of 
serious shortcomings. First, it is a crystal lattice temporal 
instability caused by a weak bond of mercury atoms in 
the lattice. This results in formation of electrically active 
mercury vacancies – acceptors, leading to the 
redistribution of the level of electrically active current 
carrier centers [2, 3]. Second, it is considerable 
dependency of bulk and surface material properties on 
the crystal structure perfection of Hg1–хCdхTe crystals. 

Investigations have been underway for more than 20 
years to find the possibilities of using alternative 
materials to HgCdTe. The most widespread in this 
respect are HgMnTe and HgCdMnTe [4]. The 
encouraging results have been obtained concerning the 
basic parameters of such detectors, especially detectivity 
acceptable for practical use. At the same time, the 
scientists encountered a series of problems, the basic one 
of which is the parameter non-reproducibility of 
detectors made of the same HgMnTe or HgCdMnTe 
crystal ingot. Temperature dependencies of the electric 
conductivity and Hall coefficient in this case have not 
only quantitative, but also qualitative distinctions. 

This paper is an attempt to generalize the 
experimental results and provide them with theoretical 
substantiation. The crystals to be studied were made by 
the modified zone melting method. The content of 

manganese and cadmium in the synthesis was assigned 
in such a manner that the energy gap of material at the 
liquid nitrogen temperature should be 0.1 eV. 

Fig. 1 represents the temperature dependency of the 
conductivity and Hall coefficient for two samples of 
HgCdMnTe and one – HgMnTe. As is seen from the 
figures, temperature dependencies have not only 
quantitative, but also qualitative distinctions for 
HgCdMnTe samples cut from the same ingot. It is 
reasonable to suppose that due to such qualitative 
distinctions in the curves, one can obtain specific 
information on material from the experimental 
dependencies of the conductivity and Hall effect, 
comparing them to theoretical calculations for various 
material parameters. 

The resulting experimental data can be explained in 
terms of the mixed conductivity model for narrow-gap 
semiconductor with regard to a drastic difference in 
electron and hole mobility. 

The energy gap was calculated by a simple method, 
when an arbitrary band parameter of quarternary 
material is represented as a combination of the 
appropriate values of two ternary materials [5, 6]. In 
particular, for the energy gap: 
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The peculiarity of this method lies in the fact that in 
contrast to the Williams method [7], it allows deriving a 
rather simple empirical formula for semiconductor 
energy gap. 

The charge carrier concentration was calculated 
from solving the electric neutrality equation with regard 
for the possibility of electron degeneration. In this case, 
the electron and hole concentrations was assigned by the 
expressions: 
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where Δμ  is the Fermi level position (from the boundary 
of the valence band); Nv=2(mhkT/2πħ2)3/2 is the density 
of states in the valence band; Nс(E) is the density of 
states in the conductivity band which in the Kane 
approximation is of the following form: 
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the effective mass of electrons being determined in the 
same way as the energy gap, and the matrix element of 
the Kane model being assumed as equal to 
P = 8.1·10-8 eV⋅cm [8]. 

In calculations of the mobility, we took four 
mechanisms of scattering into account: on composition 
fluctuations, ionized impurities, polar optical and 
acoustic phonons [9]. 

The scattering on the fluctuations of composition 
was taken into account with the relaxation time [10]: 
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Fig. 1. Temperature dependencies of conductivity and Hall 
coefficient in HgMnTe and HgCdMnTe. 

where N0 is the concentration of atoms in the metal 
sublattice; Nhh(ε) is the dispersion law of heavy holes, 
dEV/dx is the shift of the valence band edge. 

Though scattering by ionized impurities in crystals 
under study is predominant at T < 80 K, it should be 
taken into account at higher temperatures as well. The 
relaxation time for this scattering mechanism can be 
calculated by the formula [9]: 

 
τion=(εsħ3/2πe4Ni)(k3/m*)(1/Fion), (6) 

 
where Fion is a function taking into account the 
symmetry of electron wavefunctions and shielding of the 
scattering centre potential with free carriers; Ni is the 
concentration of ionized impurities; εs  is the sum of 
static and high-frequency dielectric constants. The rest 
of designations are generally accepted. 

The scattering on optical and acoustic phonons in 
Hg1–x–yCdxMnyTe crystals (like in Hg1–xCdxTe) is 
predominant at the temperatures above 80 К, especially 
in the area of intrinsic conductivity. In the case of the 
carrier scattering by polar optical phonons, the 
expression for the relaxation time is of the following 
form: 

 
τop = (εоħ/2e2k0T)(∂E/∂k)1/Fop, (7) 

 
and with the scattering on acoustic lattice vibrations  

 
τac = (πħρv2/E0

2k0TFac)(∂E/∂k)1/k2. (8) 
 
In Eqs (7) and (8), ρ is the crystal density, E0 is the 

acoustic deformation potential constant, Fac and Fop are 
the functions that take into account the influence of the 
Bloch factors in the Kane model for acoustic and polar 
optical phonons. 

Fig. 2 represents the contribution of various 
scattering mechanisms to the mobility and a comparison 
to experiments. 

 

 
 

Fig. 2. Mobility temperature dependency in HgCdMnTe. Solid 
curves: APh – calculated mobility, taking acoustic phonons 
into account; IM – ionized impurities; POPh – polar optic 
phonons, FL – composition fluctuations. Curve 1 – total 
mobility. 
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As is seen from the figure, HgCdMnTe mobility is 
almost completely determined by the scattering by polar 
optical phonons (POPh) and ionized impurities (IM), 
which is in agreement with the results reported in Ref. 
[9, 10]. At low temperatures, the ionized impurities and 
polar optical phonons (at given impurity concentrations) 
determine relevant scattering mechanisms. With the 
increase in temperature, the latter become much more 
important, whereas the contribution of ionized impurities 
becomes ever-decreasing. Finally, at room temperatures, 
the mobility is almost completely determined by polar 
optical phonons. It is obvious that as the concentration of 
impurities increases their contribution to scattering will 
grow, curve IM will be lowered, leading to mobility 
reduction. At the same time, the role of acoustic phonons 
(APh) becomes more essential, so curve 1 (total 
mobility) is more and more deflected from the POPh 
curve. One can see that the scattering on the composition 
fluctuations is not important, which is in agreement with 
the results in [11]. 

As it is seen from Fig. 2, the mobility calculated in 
this approximation is in a good agreement with 
experimental data for HgCdMnTe (the same is observed 
for HgMnTe, see Ref. [12]), testifying to the similarity 
of materials and mechanisms of charge carrier scattering 
therein. 

 

 
 
Fig. 3. The temperature dependencies of conductivity and Hall 
coefficients in HgMnTe and HgCdMnTe. Curve 1 – HgMnTe 
(Na = 6 1016 cm–3); 2 – HgCdMnTe (Na = 6·1015 cm–3); 3 – 
HgCdMnTe with Na = 1017 cm–3. Donor concentration 
Nd = 1015 cm–3. 

The results of calculations of the conductivity and 
Hall coefficient with regard for all these three scattering 
mechanisms are shown in Fig. 3. 

It is seen that the agreement between theoretical 
calculations and experimental data is quite satisfactory 
in all the cases. Despite this different behaviour of 
dependencies, all of them, as we see, fit to the mixed 
conductivity model both for HgMnTe and HgCdMnTe. 

Extraordinary sensitivity of σ(Т) and RH(T) to a 
change in the material composition and doping impurity 
concentration is conspicuous. Thus, curves 1 describe 
almost zero-gap HgMnTe (х = 0.075) with 
Na = 6·1016 cm–3. With this concentration of acceptors, 
when all of them are fully ionized, they determine the 
behavior of kinetic coefficients almost entirely. The 
same conclusions can be made about curves 3 
(HgCdMnTe), where acceptor concentration is even 
higher (1·1017 cm−3), but the energy gap is considerably 
larger (the sample composition is х = 0.12, у = 0.03, 
corresponding to HgCdTe of composition х ≈ 0.18). This 
is a material with pronounced p-type of conductivity. In 
σ(Т) dependency, one can clearly see the minimum in 
the vicinity of 100 К, and RH(T) demonstrates a distinct 
change of its sign. 

Curve 2 shows material (х = 0.12, y = 0.02) of weak 
p-type (Na = 6·1015 cm–3). Due to a strong influence of 
electrons, we have almost monotonous dependencies. 

As it was supposed, the donor concentration in all 
the cases considered above is of no fundamental 
importance as long as it is less than the acceptor 
concentration. This fact is observed both in HgCdMnTe 
and HgMnTe [12]. Emphasize again a strong sensitivity 
of σ(Т) and RH(T) to a change in material composition, 
which is exhibited not only in quantitative, but also in 
qualitative changes of σ(Т) and RH(T) dependencies. It 
allows determining the precisely enough material 
composition and doping degree based on the analysis of 
material temperature dependencies. 

Note that this identification is only possible when 
the behaviour of σ(Т) and RH(T) is strongly affected by 
the electron component. For example, in the case of  
Hg1–xMnxTe (x = 0.3), when the energy gap at 300 К 
Eg ≈ 0.7 eV, with temperature reduction for any acceptor 
concentration there is a monotonous increase in 
conductivity. The above analysis is equally impossible 
for n-type material, because in this case the mixed 
conductivity is not observed for any sample 
compositions whatsoever due to a large difference 
between electron and hole mobilities. 

Thus, as a result of the investigations the following 
conclusions can be made: 
• In the formation of temperature dependencies of 

mobility in zero-gap and narrow-gap HgMnTe and 
HgCdMnTe crystals of basic importance are three 
scattering mechanisms: ionized impurities, polar 
optical and acoustic phonons.  

• The scattering on the composition fluctuations is not 
important in the temperature range 80…300 K. 

• Comparison of temperature dependencies of the 
conductivity and Hall coefficient makes it possible 



 
Semiconductor Physics, Quantum Electronics & Optoelectronics. 2004. V. 7, N 4. P. 339-342. 

 

 

© 2004, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine 
 

342 

to determine the content of cadmium and 
manganese, as well as the concentration of doping 
acceptor impurity. 
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