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Far infrared reflection spectra (FIR) of five distinct compositions of quaternary
Zn,CdyHg; .y Te (ZMCT) are observed. These spectral curves treated by the Kram-
ers—Kronig (KK) method, give the imaginary part of dielectric functions resolved
into the Lorentzian oscillator set. Generally, 18 lines were distinguished in the FIR
spectra of five compositions of ZMCT. The present analysis shows that the quater-
nary ZMCT has more frequencies in the observed spectra and expands the span of
frequency region — from 108 to 190 cm™ — withp respect to ternary solid solutions
(118 to 180 cm™). The oscillator strength of a particular mode enables to determine
the fraction of cells with each configuration.

1. Introduction

Random homogenous substitution of
matrix cations by another metal atoms in
solid solution lattices with common anion (as
is the case of GaAs-AlAs or HgTe-CdTe) is
known to cause a continuous reconstruction
of electronic structure and phonon spectra
with composition. It may be assumed that the
introduction of the third cation will enable us
to obtain a supplementary degree of freedom
in the controlling of material parameters. It
has an additional advantage in the case of
HgTe-CdTe (MCT), because the introducing
of Zn atoms stabilizes the weak Hg-Te bonds
in the crystal lattice of this solid solution,
whereas the presence of Cd atoms destabi-
lizes them [1].

Quaternary  Zn,Cd,Hgi...,Te (ZMCT)
solid solutions have been first noted by A.
Rogalski and J.Piotrowski [2] .

In the obtained epilayers magnetopho-
non resonance which is a powerful tool for
the investigation of electron and hole spectra
[3], was observed.

Introduction of the fourth component Zn
causes not only simple extension of the
physical properties of MCT, but new phe-
nomena are also observable in connection
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with the multimodeness of crystal lattice.
Multimodeness is an issue of primary sig-
nificance in the study of four component
solid solutions.

Verleur and Barker [4, 5]were the first to
consider (for GaAs,P,.,) the contributions of
five basic elemental tetrahedra to explain the
featuers of vibrational spectra of solid solution.

Kozyrev at el [6] applied this approach
to interpret the observed CdHgTe far infra-
red (FIR) reflection spectra.

The present paper discusses the results
of the investigation of phonon spectra of
Zn,Cd Hg;., Te (ZMCT).

2. Experimental Method

Reflection spectra were obtained by in-
frared Fourier spectrometer FTS-14 Digilab
in the region 30-250 cm™ (A = 40-330 yum)
at 300 K.

The CdTe substrates of the studied sam-
ples have been removed by mechanical
grinding with subsequent chemical etching.
Thus separated by this way Zn,Cd,Hg|...,Te
(ZMCT) layers of d = 45 um thickness.

The measurements of the reflectivity
were performed at the angle of incidence 0°
and 45°.
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Fig. 1. Reflection spectra of Zn,¢,CdoyiHgos Te (1)
and Zn0v13Cd0'12Hg(),7T€ (H) solid solutions.

The obtained curves of reflection spectra
for five compositions of ZMCT are pre-
sented in Fig. 1. The presented curves are
similar to typical reflection spectra [1, 7], on
the other hand, much richer structure of the
spectra can be observed. There are six lines
for composition II and eight lines for compo-
sition V. However, lines 1 to 6 remain the
main lines owing to their intensity. Fig. 1
also shows that the intensity of lines 3 to 5
grows with the increase of common content
of Cd and Zn. Specifically, for composition
IV (contents of Zn and Cd are approximately
equal) the intensity of these lines is compa-
rable. For composition V (content of Zn is

greater than that of Cd) line 5 becomes pre-
dominant for that group of lines. From this
follows that line § should be attributed to
ZnTe-like sublattice.

It is seen that in the spectra three main
lines at 130 cm'l, 160 cm'l, 180 ecm™ can be
pointed out. However, each of these lines has
additional subtle structure, what indicates the
superposition of greater number of lines.

3. Reconstruction of the Dielectric
Function

Especially important for us is the imagi-
nary part of dielectric function Im
g(w) because it can be approximated in
straight manner by Lorentzian oscillators. To
determine the complex dielectric function
e(a))=6'(a))+i€”(a)) the Kramers—Kronig
analysis was applied.

The real part of the dielectric func-
tion for Zn,CdHg;.,Te can be calculated
with the help of the following equation :
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Refe(w)] = £, + R A (o (1)
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where © is frequency [cm™], @ro~ phonon
mode frequency [cm™], S; — oscillator
strengths [cm™), y — damping factor [em™].

The statistical weight of the tetrahedron
generated phonon modes should be involved
into the oscillator strengths S; as

Saz= No fuz Pi(x) , @

where faz is the oscillator strength of a single
ionic pair. Ny ~ the total number of the ionic
pairs per unit volume, and Py(x) is the popu-
lation of A cations in the k-th tetrahedtral
configuration.

The imaginary part of the dielectric
function for Zn,CdyHg(i.«.yTe solid solutions
can also be presented as the superposition of
Lorentzians:

Si;/ia)

. (3)
=l (@7, —?)? +a)2}/1‘?‘
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4. Approximation of the Reflection
Spectra by Lorentzians

The curve of Ime(w) obtained after
Kramers-Kronig analysis of the experimental
reflection spectrum is shown in Fig. 2 by
continuous upper curve
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Fig.2. Ime(w) (continuous upper curve) reconstructed
by the Kramers-Kronig analysis of the R(w) spectrum
,and the Lorentzian profiles (continuous curves) of the
harmonic oscillators, and fitted curve (dashed curves).

Table 1. The Lorentzian parameters used for the ap-
proximation of Zng¢,Cdo,1Hgos Te phonon spec-

trum.
o S

[em™] [cm?] [em™]
1. 108.3 220 2.9
2. 112.9 75 33
3. 116.2 237 5.1
4, 121.0 48 1.0
5. 125.0 2730 9.1
6. 131.1 1370 9.5
7. 137.3 1120 10.2
8. 150.0 495 5.5
9. 160.2 433 3.0
10. 163.5 433 5.3
11. 170.2 1940 9.5
12. 179.6 104 2.9
13. 183.4 484 6.6
14, 188.9 402 7.1
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To reconstruct this curve of Ime(w) we
use the superposition of 14 Lorentzian , ac-
cording to the formula (3).

The obtained best result is shown in Fig.
2 by dashed curve. The Lorentzians, used for
the approximation, are presented by continu-
ous curves of Ime(w). The parameters of
these Lorentzians are listed in Table 1.

It can be seen from Fig. 2 that from three
above mentioned main lines can be approxi-
mated by several Lorentzians. Namely, the
line at 130 cm™ can be approximated by four
oscillators, the line at 160 cm™ — by four os-
cillators, and the line at 180 cm™ — by three
oscillators. Besides, there is a singularity in
range of frequencies below 120 cm™, which
requires three oscillators more.

S. Analysis of Tetrahedral Quaternary
Zn,Cd,Hg; ., Te Solid Solutions

In ZMCT quaternary tetrahedral struc-
tures several observable configurational tetra-
hedra coexist simultaneously: 3 strict-binary
(HgTe, CdTe, ZnTe), 9 strict-temary (three for
each of HgCdTe, HgZnTe, CdZnTe), and 3
strict-quaternary (Hg”Cd'Zn'Te, Hg'Cd*Zn'Te,
Hg'Cd'Zn’Te), resulting together in 30 modes:

3x1+9x2+3x3=3+18+9=30

The contributions of these modes can in-
crease the number of the observable lines in the
reflection spectra. Indeed, the present analysis
shows that the analysed quaternary ZMCT has
more resonance frequencies in the observed
spectra compared to the ternary solid solutions
(118 to 180 em™) and extends the frequency
region from 108 to 190 cm™.

The oscillator strength of a particular mode
enables the fraction of basic tetrahedral cells to
be determined.

Therefore, it is necessary to consider the
probability of finding cations in each tetra-
hedron. On the base stochastic homogeneous
distribution of cations in the crystal lattice of
Ay By CixyZ solid solution this probability
can be recorded in the form of Bernoulli
polynomials:
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4—-nY4
Pn,m<x,y)=( m”Lj(l—x—y)“’”"”x”ﬂ(S)

containing » A atoms, m B atoms and 4-n—m
C atoms.

We can substitute the probability (5) into
formula (2) and calculate the oscillator
strength for each of the 30 above mentioned
phonon modes. Then it is possible to attrib-
ute these modes to the 14 observable oscil-
lators. This analysis has shown that the mag-
nitudes of the experimental oscillator
strengths, listed in Table 1, are insufficient to
explain the experimental phonon spectra by
30 tetrahedral modes.
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OTpuMaHO CHEKTPY I'ATH CKIafiB 4eTBipHMX TBepAMX posumHis Zn,CdHg,...,Te
(UKPT) B manexiit indpauepsoniit obsacti. MeromoM Kpamepca-Kponira 3 mux
CTIEKTPATLHUX KPUBHX OJEPXKaHO YABHY YAaCTHHY NieNeKTPUYHOI IMPOHUKHOCTI, AKY
po3nieHo Ha Habip NOPEeHUIBCHKHX OCUMNATOpiB. Beworo Bmasmeno 18 nimiit y
Jganexux imdpauvepBoHux cnekTpax m'ata cknagie LIKPT. [posenenuit ananis
niokasye, o B crektpax [IKPT crocrepiraetses Ginblie 4acToOT i pO3LUIMPIOETHCS
vacToTHa o6nacth ~ Bix 108 10 190 cM' — y mopiBHAHEI 3 NOTPIHEMH TBEPAUMH
posunnamu (Big 118 mo 180 em). Cuna ocumiaTopa s KOHKpeTHO! MOIM
JO3ROJIE€ BU3HAYUTH HACTKY KOMIPOK 3 KOKHOIO 3 KOH(irypariit.
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