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In the range of S0-S000 cm-‘l reflection and absorption
spectra of semimagnetic semicoductors Hgi_anxSe Cx=0. 09,

0.11, 0.1 and O0.18 at 300K were registered. By the
analysis of curves RCvD) and RCvD their energy gap E!g was

evaluated. It was found that for x < 0.15, Eg is a limear

function of the concetration of Mn2+ ions. The obtained
dependence Eg(x.) was compared to the same at 10K which is

obtained by Takeyama and Galazka /27 for magnetooptical
measurements.

INTRODUCTION

The semiconducting alloy Hgi_anxSe is a solid solution of
HgSe, zero gap of the semiconductor with the inverted band
structure CEg=—O. 10eVd 71/ and the magnetic semiconductor
MnSe CEIg=2.SeV) 717/

By substituting the manganese in the sublattice of mercury
the band structure of HgSe is modified. The relative position of
the level r and T

6 8’
ECFSD—ECF’BDEEQ. changes with the change of the content of Mn ions.

and thereby the energy difference

The dependence of energy gap on the alloy content Hg,l_anxSe is
known only in the region of lower temperatures (T<10K> -2,3,4’/.
From the magneiooptical measurements at T=10K Takeyama and Galazka
27 found that energy gap, for x<0.20, changes according to the
law
EgCeV) = -0.2870 + 0. 044x C

For x < O0.086 these alloys have the characteristics of the
semimetals CE_ <0), for x >0.06 -tharacteristics of semiconductors

with small energy gap CEg > 0d.
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It is unknown to the authors that the dependence Eg(x) of
this crystal at higher temperatures was determined by any
procedure.

If we take that the activation energy is a good measure of
the energy gap at highef temperatures, ‘tco, then Eg can be
evaluated from reflection and absorption spectra, from the curves
RCvD> and TCvd. The data of this type of experiments for
semiconducting alloysv Hg,l_anxSe are non existent.

This paper presents the first preliminary measurements of
RC»> and TCvD in order to estimate Eng) in Hgi_anxSe. ’

System Hg1_anxSe is a solid solution till x=0.385, with the
crystal structure of sphalerite. The lattice constant decays with
the increase of the content of manganese, it changes according to

linear Vegard's law ./S.-.
EXPERIMENTAL

Crystals were prepared in the Institute of Physics of the
Polish Academy of Sciences. Their homogeneity and composition were
verified by X-ray powder technique /6~-. Thin polycrystalline
Csinterized) samples were obtained by cutting the ingot normally
at its axis. According to the paper Stosié et al. 7/ crystals
Hg, Mn Se (x=0.09, O.11, O. 15, and O.18) are semiconductors of
the n-type with the carrier concentration of n=C0.5-3. 3 x10*%em ™.

In order to get the reflection spectra the samples were
prepared in the form of thin well polished slabs. 'For the
preparation of samples for absoption spectra two techniques were
used: radiation by neutrons and pellet technique. It was found
that by the first procedure the *“optical®" thickness of the sample
decreases sufficiently so that the same becomes '"transparent®. In
the second case the sample powder was diluted with KBr or CslI, so
that the so-obtained mixture, by a standard procedure was pessed
into a pellet.

The ir absorption and reflection spectra were recorded on
Perkin - Elmer 983 G and Bruker 113 V FTIR spectrophotometers in
the region from S50 - S000 cm-i.. The measurmentis were performed at
300 K, on samples with the following concentrations: x = 0.09,
0. 11, 0. 15 and O. 18.

RESULTS AND DISCUSSION

Figure 1 shows the reflection spectra of Hg,l_anxSe with
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various manganese composition,in the region from S0 - 1000 cm.'l

More significant changes in spectra are noticeable below 500
cm-i.in the region where LO.and TC lattice vibrations are to be
anticipated. In paper /67 two bands at about 101 cm_‘1 and 137 cm"‘l
were identified as TO modes of HgSe. The third band at about
2‘15cm—1. whose position in the spectrum is sensitive to the
composition of Mn2+ in the sample, is ascribed to TO mode (3-MnSe.
The band at about 400 ::m_‘l probably stems from the interband
electoron transitions in Hg,l_anxSe 76-.

The reflection spectrum HgO 82Mn Se, in the region from

500 - 5000 cm~ ! is shown in Fig.2.
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The reflection spectrum HgO.BEMnO. 188e. in the region

500 - ‘3000cm—‘1 is shown in Fig.2a.

A part of the reflection curve which is of importance for the
evaluation of the energy gap of this ctystal is given in the
insert. The absorption spectrum of the same sample in the region

from 2700 - 4000 cm-‘1 is plotted in Fig. 3.
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Fig.2. The reflection spectrum

Hgi_anxSe Cx = 0.18)

8.0.

Fig.3. The absorption spectrum Hgi_anxSe
Cx = 0. 18). The sample in KBr
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Knowing the following data for the system Hg1_anxSe:Eng3 at
10 K 2,3/, E:g(300 K> for the pure HgSes1/, the dependence Eng.)
at 300 K for similar three-component compounds, we have evaluated
the regions of wave numbers wherein the change TCi.e.R) can be
connected to Eg of these crystals. Let us notice CFigure 2) that
in a large region around these characteristic wave numbers we have
a constant coefficient R Cthe same is valid for T, togQd.

The results obtained through the analysis of curves T Cv) and
R (3 with four samples Hg,l_anxSe are shown in Table 1 and in
figure 4 Cpoints denote the data from T (vD, crosses the data from

R C»d>.

Table 1
________________________________ .
COMPOSITION Eg (meV> at 300K °
X € %) from T(V) [from RV :
——————————————————————————————— -
° 230
11 375
15 471 406
18 510 462
o Eg:300)=~0. 1006V 2/

Fig.4. The dependence of Eg on the
composition and lattice constant at

300K Cour measurement) and 10K

- 5 0
C(data from reference /2/).Dependence X[%])
alx is given from reference /5/. 6.004 “;;;] Ll
a

If we c&#n speak about the linear dependence Eg(x) at 300 K
then it could possibly be only for x < O. 15. In that case the
dependence Eg(x) determined by the method of least squares can be
writen in the form

Eg(eV) = - 0,084 + 0,036 x C%
For greater concentrations the deviation from the linearity
occurs. We have to have in view that E Cx? in principle is not a
linear function for composite sem.lcondl..:ct.lng-compounds. Obviously,
for a more precise determination of Eg(x) a bigger number of
measurements of samples in the regions of concentrations smaller

and greater than those involved here is necessary.

REFERENCES
717 Physics and Chemistry of II-VI Compounds, ed. M. Aven and
J.S.Prener, North-Holland, Amsterdam, C1967>

r27 S.Takeyama, R.Galazka, Phys.Stat.Sol (b> 96, 413 (1979

281



73/ M.Dobrowolska et al., Phys.Stat.Sol. Cbd, 105, 477 C1981)
74/ P.Byszewski et al., Solid St.Phys. 13, 5383 (1980)

7S/ A.Pajczkowska, A.Rabenau, Mat.Res.Bull. 12 183 (1977
76/ Z Popovié et al., XI IJSFKM, Lepenski vir, (1988)

/77 B.Stosi¢ et al., Fizika, .18,1,65 C1986)>

282





