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BEHAVIOR OF PHASE TRANSITION IN NEAR
INVERSION ZONE OF Pb;.xSnxTe

A.A. AQASIYEYV, E.S. GARAYEYV, S.N. SARMASOV
Baku State University
Baku, Az-1145, Z. Khalilov str.23

The correlation of temperature of phase transition of the heterojunction Pb,.,Sn,Te in a vicinity of inversion tone were observed. The
temperature dependence of resistivity on the composition with low carrier concentration (p <10'°cm™) has been investigated. The interzone
interaction on the basis of model of seqnetoelectrics, observed from coulomb model of interzone interaction is considered.

The surface structure of crystals is interesting in most re-
spects. For example, it is interesting to know the crystals
compound between the structural surface of pure and nature,
and the forming energy surface complexes adsorbent—
adsorbate. The special interest, surface property represents in
compound with high concentration of carriers in chalcoge-
nides of lead (Pb).

We have observed the correlation of temperature depen-
dence of ferroelectrical phase transition 7, and the width of
band gap E, in composition of Pb;,Sn,Te in near inversion
zone (x=0,4+0,6). The temperature dependence of resistivity p in
composition with low concentration of carriers (p<10" sm™)
and range of x=0,2+0,75 was investigated. The investiga-
tions were carried out by horizontal method with alternating
current at temperature of 120 K in a vicinity of 7, anomaly
increase of p takes place, which is more clearly observed in
the samples with low concentration of carriers. Correspon-
dence of anomaly p of ferroelectrical phase transition in these
compositions was convince showed by Kobayashy and others
[1,2], where simultaneously with the measuring was fixed
the softening of ferroelectrical mode by the method of non-
elastic scattering of neutrons. According to anomaly in the
temperature dependence p was determined 7.

The non — monotonic dependence of 7, on the composi-
tion (minimum in the region of inversion zone) was revealed.
Results obtained from the inversion zone correspond to well-
known published data.

Interpretation of results was made on the basis of inter-
zone models of ferroelectricity. Due to work [3], it is neces-
sary to take into account the coulomb pair of electrons from
different zones which becomes essentially at E,<F, in the
near inversion side by side with the electron-phonon interac-
tion. This leads to effective overregulation of E, and as the
result of that, to non-monotonic dependence 7 against x.
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As a rule the coulomb interzone interaction in the model
of ferroelectricity isn’t considered. As the fixed slit E>F),
where E| - is the energy of coulomb exciton, and electron-
hole pair is impossible [3], and the consideration of cou-
lomb interaction doesn’t lead to new effects, but simply
result in the overregulation of interzone electron-phonon
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bond constants [4]. If E,<E,, then electron-hole pair leads to
reorganization of spectrum in a vicinity of min; and max; .

All zones of exciton slits appreciably become inessential for
structural transition. Exclusion may be the incident of small
values of E,, or may be in Pb,,Sn,Te where exciton slit is
As>E, [5]. This coulomb interaction may lead to qualitative
changes. Over E,<E;, the interzone coulomb interaction
leads to exciton pair and reorganization of spectrum
(T=0) [4];

E(p)=+[e(p)+AX(p)]"”° (1)

where &(p)=¢, =—-¢,, but A exciton slit. Considering,
that ¢(p)= Eg/2 +p2 /2m and 4 (p) is the function

of E,, and in a vicinity p=0 can be defined for FEz=0,
E<E,.

24,(0)=E,[2(1-E,/E,)]"" @

where ¢, =6,8 (me4 /moeg)aB; ey and m, — are the
mass and charge of free electrons. In solid solutions of
chalcogenides m<<my, usually m=~I 0°m,, and { ... appre-

ciably increase ¢, [6], thatis E; canreach some tens of
electron-volt. In a vicinity £,=0 A (0) = 5,5(m; /m,&,) eV;
and over E,<0 (semi-metal) 4,(0) exponentially diminish
with the growth of ‘E g‘. Qualitative dependence of A4,(0)

on FE, is represented in the figure 1. Without account cou-
lomb interaction of temperature of transition can be
represented in the form [7].

T.(E,)=T.(0)-aE]. G)

where 7.(0), @ and n uniquely are defined with the structure
of spectrum.

As seen, in E—0 7 increases reaching maximum values
of E;~0. Thus, over E, >E; , E, - E; and T, increase, reaching
maximum values over E, =E;. The further diminishing of E,
connects with the coulomb interaction and 7, must de-
crease, accepting minimum values over E,=0. Over E, <0
takes place inversion of zone and E, is always over zero,
Ay quickly decreases, T, increases. Consequently, in a
vicinity of non-slit conditions 7. adepts minimum not



maximum values.
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In chalcogenides Pb;,Sn,Te is the

width of forbidden zones-function of x, consequently, in
solid solutions 7, (x) must behave itself appreciably non-
monotonous.
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Of course, detail investigations (concentration and tem-
perature dependence, forms to right and left from E,~0)
represent a great interest for arrangement and development of
interzone models of ferroelectricity.
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INVERSiYA ZONASINDA Pb,,Sn,Te HETEROQURULUSLARIN FAZA KECiDi

Inversiya zonasinda Pb,.Sn.Te heteroquruluslarin faza kecidinin temperatur korrelyasiyasina baximisdir. Birlosmenin (Pb,.

Sn.Te) xiisusi miiqavimatinin konsentrasiyadan asililigi tadqiq olunmusdur.
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INOBEJEHHUE ®A30BOI'O IEPEXO/JA B Pb,,Sn,Te BBJIN31 UTHBEPCHUHA 30H

Haiinena xoppensus TeMnepatypsl Gpa3oBoro mepexoga B coctaBax Pb;Sn,Te B okpecTHOCTH MHBepcuH 30H. McciaenoBana Temie-
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paTypHasi 3aBHCHMOCTb yJEIBHOTO CONPOTHBIICHHSI COCTABOB C MaloW KOHIEHTpanuel Hocutenel (p < 10~ cm ~ ). PaccMoTpeHO Mex-
30HHOE B3aUMOJICHCTBHE B MOJIEITH CETHETONEKTPHUIECTBA, HCXO U3 MOJIENIHN KYJIOHOBCKOTO MEK30HHOTO B3aNMOACHCTBHSI.
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