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Infrared reflectivity was investigated for the mixed Hg 1-xFexSe crystals
for x < 0.1. The theoretical analysis of the experimental curves suggests
opening of the energy gap for the composition x = 0.087 at the temperature
close to 80 K.
PACS numbers: 71.25.Tn, 71.55.—i, 78.30.Fs

The purpose of the present work was to study the infrared optical properties
of Hg1-x FexSe mixed crystal in order to determine the composition dependence
of the energy gap in this material.
It is believed that the absolute value of the negative energy gap for
Hg1-xFexSe decreases with increasing Fe content and at low temperatures is equal
to zero for the mixed crystal composition corresponding to about 15% of Fe. This
value was given in some recent papers analysing the results of the optical measurements performed at temperatures above 100 K [1] and the helium temperature
quantum oscillations observed for the magnetoplasma waves [2].
In this paper we analysed the infrared reflectivity spectra taken with the
use of the Buker FTIR 113v spectrometer. The measurements were performed
on different Hg 1-xFexSe mixed crystals in a wide temperature range (4.5 K ≤
T ≤ 295 K). The crystals were obtained by the Bridgman method in the Institute of Physics, Polish Academy of Sciences in Warsaw, the sample composition
(0 ≤ x ≤ 0.1) was determined by the energy dispersive X-ray fluorescence analysis.
The Hall measurements at various temperatures have also been performed for the
most of crystals .
The Fe level energy at 4.2 K increases with the Fe concentration. This effect
in the high-doping range (x < 0.01) suggested in [2] is two times stronger than
that given in [3]. Morever, according to [2] the important nonlinear effect in such
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dependence could be expected for the greater Fe content so this increase should
be much slower in the mixed crystal range.
Both suggestions given in [2] were supported by the results of our measurements. The composition dependence of the Fe level energy at T = 4.5 K was
directly observed for x < 0.01 as a shift of the relevant structures in the reflectivity spectra taken in the vicinity of expected Fermi level position (for the details
of the method, see [4, 5]). For the sample with x = 0.087 at T = 4.5 Κ the Fermi
energy value corresponding to measured electron concentration agrees fairly well
with the predictions taken from [2].
To reproduce theoretically the reflectivity spectra in the plasma edge region
the simplest possible model of the dynamic dielectric function with the classical
Drude—Zener free-carrier term was applied.
The temperature dependence of the plasma edge measured for the samples
corresponding to the high Fe doping region (x < 0.01) is well described by the
results of theoretical calculations assuming that the band stucture parameter values are the same as those for HgSe. The plasma frequency increases monotonously
with increasing temperature, the average value of the relevant coefficient describing the temperature changes is equal to about 5.1 x 10 -2 meV K -1 . This is the
typical situation for the narrow-gap semiconductor with the inverted band stucture. For the sample with x = 0.053 (for which the value of the energy gap should
be much smaller, but still negative) the increase of the plasma frequency value
is similar to the previous one at temperatures T > 120 Κ. At low temperatures
the mean value of the above-mentioned coefficient is two times smaller. It seems
also that its value decreases significantly with decreasing temperature. For the
sample with x = 0.087 a non-monotonous temperature dependence of the plasma
freqnency value was observed. The plasma energy position decreases significantly
from 85.8 meV to 79.4 meV with increasing temperature from 4.5 Κ to about
80-100 K. A further temperature increase causes the "normal" plasma frequency
behavior (Fig. 1).
The Hall measurements performed for the sample with x = 0.087 demonstrate an unusual temperature dependence of the electron concentration: the concentration reached the minimal value at about 90 Κ and the difference between
the concentrations obtained at 4.2 Κ and 90 Κ was equal to 20%.
We have tried to reproduce this last dependence supposing that due to the
high Fe concentration in the mixed crystal the density of states (DOS) related to Fe
corresponds not to one discrete level, but to a broad band. The Gaussian shape of
the DOS was assumed, the peak energy position has been taken from [2]. All band
structure parameter values (except the energy gap) were taken the same as those
for HgSe. The electron concentration at T = 4.2 K and the total Fe concentration
(directly measured in our experiments) were fixed. The supplementary condition
was that according to the experimental results the electron concentration at T =
295 Κ should be higher than that at 4.2 Κ. The full width at half maximum
(FWHM) of the DOS function and the energy gap were used as fitting parameters.
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The following conclusions result from the model calculations described above:
1. Minimum in the concentration temperature dependence can be reproduced
only for a relatively narrow energy gap value and FWHM value ranges.
2. FWHM of Fe DOS function could not be smaller than about 10 meV and
greater than about 30 meV.
3. Energy gap value at T = 4.2 K should be small and negative
(-70 meV ≤ Eg ≤ - 0.30 meV).
4. The best fit values are FWHM = 25 meV and Eg = - 50 meV at T = 4.2 K.
Within the frames of the present model it was not possible to reproduce
the electron concentration decrease with increasing temperature greater than 10%
(the experimental result is 20%). It seems that the DOS function for Fe could have
more complicated form than that assumed for the numerical estimations.
Our final conclusion is that the band structure of Hg1- x Fex Se changes more
rapidly with increasing Fe content than it was believed till now. We estimate that
at the helium temperature the "crossing point" corresponds to about 10% of Fe in
the mixed crystal. In our opinion the first experimental evidence of the broadening
of the Fe "level" enabling the quantitative estimations of this effect was also found.
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