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The theory of ferroelectric phase transitions In
narrow-gap semiconductors (PbTe-, GeTe-type sys
tems) has been developed with electron-phonon and
phonon-phonon Interactions and the degeneracy of
active electronic and phonon states taken Into
account.

The electron-phonon mechanism of structural phase transitions
(see, e.g. [1-3]) has been successfully applied to the explanation
of some experimental data on narrow-gap ferroelectric-semiconductors
(the dependence of the soft mode frequency on temperature, the shift
of the Curie point In the magnetic field, etc.) [4-7].

In this report the theory of ferroelectric phase transitions
In narrow-gap semiconductors (PbTe-, GeTe-type systems) has been de
veloped with electron-phonon and phonon-phonon Interactions taken
Into account. The real band structure [8,9], the electron-phonon
Interaction between the valence and conduction bands and the Intra-
band Interactions have been taken Into consideration.

The Initial Hamlltonlan Is the following:
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Here £^,(5) are the "Initial" electronic spectra of the valence (a=
=1,2) and (yonductl9n (a=3,4)f-bands,^respectively, with the wave fun
ctions |L a>, |l B> and |L a>, |L 6> (a,B are spin Indices); y-»-.
are normal coordinates, and P+. conjugated momenta of active vlbSJ
rations with the "Initial" frffquencles its-*-, (5 is the wave vector of
phonons; j, the vlbratlonal branch Index M Is the reduced mass
corresponding to active vibrations. The second term In (1) descri
bes the kp Interaction between the bands. Hamlltonlans He-ph and
Hph-ph are those of the electron-phonon and phonon-phonon Interac
tions.

We find on the basis of (1) an electronic spectrum, which Is
renormallzed by the electron-phonon Interaction:

n +

+ V,?zJ + +yj ) +2P„V„ k„Zj^+2P^Vj.[k^Xj^+k Vj^] f ^2)

733



p. Konsin

where

- e*(^) + D2(e^^+Cyy) + + el(x^+y^) +

(4)E, ^(k) - ei^3(S) +*

= 1,2'

(1)

(2)

IC
^22(q) Vl2(?)

^ EjC^)-£2 (^+q)+^<^g Ej^ (^)-£2(k+q)+'few^
] *

' — ""ISt •Mw-*-
q

U
vii(?) vj^d)

+ E ̂  ({)-E (tc+q)+1iiD-*- E (J+q)-E2 (^)+'tiw+

(5)

Mo)" = '=^TESr

Here and D?, are the constants of deformation potential for acous
tical vibrations and the corresponding bands; Vj. « and Bx,// are the
constants of the linear Interband and quadratic intraband electron-
phonon Interactions for the ferroelectrlcal optical mode; v2^(^)"
4(2V^„_,(?)+v2^„(q)) v22a)4(2vi(t)+vja))-. are the
constants of the linear Intraband Interactions; , x^±iy^ andc^^,
E*- , E*- are the coordinates of the active optical mode and the
cMponlfits of strains In the system of symmetry axes of L extrema.

On the basis of (1) and (2) the Interband electron-phonon In
teraction Is shown to Induce the ferroelectric phase transition. If
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where N Is the number of unit cells.In a crystal. Prom (6) It fol
lows thSt the strong electron-phonon Interaction, the small "Ini
tial" forbidden gap A, the soft "Initial" phonon frequency Uj, and
the anlsotropy of electronic spectra give rise to ferroelectrlclty
In narrow-gap semiconductors.

With the account of strains an expression of the free energy F
of GeTe-type ferroelectric-semiconductors has been obtained. At this
the terms of all types postulated In the phenomenologlcal theory
[10] are generated by the electron-phonon Interaction In the expres
sion F. Criteria for the occurrence of coherent lattice distortion
(spontaneous polarization) along the axes of types [100], [110] and
[111] have been obtained. An essential role In the stabilization of
low-symmetry phases Is also played by the Intraband electron-phonon
Interaction. The electron-phonon Interaction generates the soft op
tical mode and the temperature dependences of the elastic constants
Ci 1 » C12 experimentally established In [11].

We also find the forbidden gap, which Is renormallzed by the
electron-phonon Interaction In narrow-gap ferroelectrlc-semlcon-
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ductors. Going from the components ande*" (a=x,y,z)to the
corresponding components in the system of the basl8°'axes of a crys
tal, we obtain on the basis of (2) the forbidden gap for the rhombo-
hedral phase (x "y =z 40, e =e -e i^O, e =e =e :

o  ■'o o ' xxo yyo zzo *yo yzo z*o
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and
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where K^=-|-(2vi+V,^), K^-|(v,f-V^) and
A" = -jCaI + jCAh-aJ;)],

a" = —Ca'-aT] a7 u= A^^^ - A^^^1  3 1 x/ll J.,11

with A=A,6. The minimum gap may be E , or E -t ^spe^iding on the ac
tual values of the constants of elec^ron-phonon interaction. At T>T

Q  if the contribution from the interband electron-phonon inter
action in exceeds that from the intraband electron-phonon in
teraction. For many PbTe-type systems 4^^® T>T-. We show that in
GeTe the forbidden gap Egj is the minimum one and E_j as a function
of temperature has its minimum below T in accordance with the expe
riment [12].
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