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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 Hamiltonian is the following:
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Here so(ﬁ) are the "initial" electronic spectra of the valence (o=
=1,2) and qonduct%Qn (c=3,4)6bands, respectively, with the wave fun-
ctions |L® o>, |L° 8> and |L%>, |L°8> (a,B are spin indices); y»
are normal coordinates, and P+, conjugated momenta of active ving
rations with the "initial" frgéuencies w>, (§ is the wave vector of
phonons; j, the vibrational branch 1ndex$g M is the reduced mass
correspogging to active vibrations., The second term in (1) descri-
bes the kp interaction between the bands. Hamiltonians He-ph and
Egh—ph are those of the electron-phonon and phonon-phonon interac-
ons,

We find on the basis of (1) an electronic spectrum, which is

renormalized by the electron-phonon interaction:
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Here Di and Dﬂ are the constants of deformation potential for acous-

tical vibrations and the corresponding bands; Ve 4 and Bidi are the

constants of the linear interband and quadratic intraband electron-

phonon interactions for the ferroelectrical optical mode; Vgc(ﬁ)-

1 2 > 2 -> 2 > 1 2, 2 >

-T(ZVUO_L(q)+V00"(q)) and V12(q)=§(22‘(q)+v”(q)): ch"" are the

constants of the linear intraband interactions; z,, x iy, ande® p

€= e & are the coordinates of the active optical mode and the

c3fpondfits 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, 1if
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where N is the number of unit cells.in a crystal. From (6) it fol-
lows th8t the strong electron-phonon interaction, the small "ini-
tial" forbidden gap A, the soft "initial" phonon frequency w, and
the anisotropy of electronic spectra give rise to ferroelectricity
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 phenomenological 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 1s 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
€1 €12 and cuy, experimentally established in [11].

We also find the forbidden gap, which is renormalized by the
electron-phonon interaction in narrow-gap ferroelectric-semicon-
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ductors. Going from the components x;, y., z2 andeL;(a=x,y,z)tO the
corresponding components in the system of the pasi8®axes of a crys-—
tal, we obtain on the basis of (2) the forbidden gap for the rhombo-

hedral phase (x°=y°=z°#0, exx°=eyyo=ezzo¢0, exy°=eyzo=ezxo#0) :
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where K_=1(2vZ+vy), Kk =2(vi-v?) and
- 1p.- .1, - -
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with A=A,B. The minimum gap may be E or E 2,depending on the ac-

tual values of the constants of elec%%on-phgnon interaction. At T>T

dEg>0 if the contribution from the interband electron-phonon interS
’

action in e(é’ﬁ) exceeds that from the intraband electron-phonon in-
teraction. Fog many PbTe-type systems 3¥s>0 at T>T,. We show that in
GeTe the forbidden gap Eg; 1s the minimum one and E;,; as a function
of temperature has its minimum below T in accordange with the expe-
riment [12]. ¢
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