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Quantum oscillations in the longitudinal thermoelectromotive force a,, in
bismuth and in the alloy Biy,Sb, at 7= 7.7 K are explained in terms of an
interband scattering of L electrons into a quantized H hole band. The interband
scattering parameter is evaluated.

PACS numbers: 72.15.Jb

Galev et al.' have observed quantum oscillations of the longitudinal thermoelec-
tromotive force (as3 ) in bismuth and in the semimetallic alloy Big;Sbs at a fre-
quency determined by the cyclotron mass of the holes. They attributed these oscil-
lations to an oscillatory hole component of the overall thermoelectromotive force.
However, the hole component of the conductivity along the particular observation
direction involved (along the trigonal axis) is known to be negligible. In the present
letter we wish to propose a different explanation for the experiments of Galev ez al.*

In addition to participating directly in the transport processes in semimetals, the
holes affect the transport coefficients by scattering the electrons. A substantial frac-
tion of the electron scattering in bismuth is known to be interband scattering: the
recombination of light (L) electrons and heavy (&) holes.? In quantizing magnetic
fields, the oscillation of the hole-state density at the Fermi level and the associated
oscillation of the electron relaxation time during scattering into the hole band should
lead to corresponding oscillations in the kinetic coefficients. The oscillation should
be particularly clear in the thermoelectromotive force, which, in the highly degenerate
case, is the difference between two large quantities: the thermoelectromotive force
of electrons with energies above the Fermi level and that of electrons below the
Fermi level.

Interband scattering in a semimetal does not require an energy transfer, but it
" does require the transfer of a substantial momentum, corresponding in this case
to the L-H distance in the Brillouin zone. The corresponding phonon has an energy
of 43 K (Ref. 2) and cannot play any important role at the measurement tempera-
ture (7.7 K). The electron-hole recombination apparently involves scattering by an
impurity. Lopez® has reported evidence for impurity scattering in bismuth.

Since the extrema of the valence and conduction bands lie at singularities of the
Brillouin zone, the interband scattering is determined by the corresponding selection
rules for the matrix elements. For impurity scattering, for example, we would have
(Tys WimpILs»=0, while for scattering by X acoustic phonons we would have
(Tas Wx_pn ILg#0. Since the condition §, >>Eg holds for intrinsic bismuth, these
selection rules are not important.
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To describe the electron scattering, we assume that
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where M;; and Mz are the scattering matrix elements corresponding to intraband

and interband scattering, respectively. We are ignoring the energy dependence of the

matrix elements. In a quantizing magnetic field (HIIC?) we have
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where E; is the semimetal energy gap, £ is the electron energy, reckoned from the
bottom of the band, and w, is the hole cyclotron frequency in a magnetic field
directed along the trigonal axis. Spin splitting has essentially no effect on the results
because the hole g.¢ factor is approximately 4.2

The quantization of the electron orbits in the magnetic field is of secondary im-
portance, for the following reason: Because of the relatively low state-density mass,
the Fermi level corresponds to a relatively high-index Landau level, and the oscilla-
tion of the electron state density at the Fermi level is much less pronounced than the
oscillation of the hole state density. For p. we have used the customary expression
for the state density in the Lex model. The parameters of the bismuth band struc-
ture were taken from Ref. 3.

We have ignored both the quantization of the glectron orbits and the motion of
the Fermi level in the magnetic field, so that our results do not apply to the extreme
quantum limit; the calculations were accordingly carried out only for magnetic fields
up to a certain limit (f <50 kOe). The only adjustable parameter in the calculations
was the ratio of scattering matrix elements, which determines the oscillation ampli-
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TIG. 1. Dependence of the thermoelectromotive force of bismuth (T=7.7 K) on the longitudinal
magnetic field H11C, | VT. 1) Experimental;2) calculated.
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tude. The best agreement between the calculated and measured oscillation ampli-
tudes was found with the ratio 1Mz 2IM; 1> ~0.08. The results calculated for
this value are shown in Fig. 1. The good agreement is convincing evidence that inter-
band scattering is important in the quantum oscillations of the longitudinal thermo-
electromotive force.
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