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Oscillatory Magneto-Absorption in Tellurium
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The fundamental optical absorption and magneto-absorption were in-
vestigated on tellurium for light polarized along the c-axis. The experi-
mental results indicate that the interband transition ¢//c is direct-forbidden,
with electron-hole interaction. The oscillatory magneto-absorption exhibits
a remarkable effect resulting from the lack of the inversion symmetry in
tellurium: the intensities of two series of lines are inverted by reversal
magnetic field. The magneto-absorption spectrum is quantitatively un-
derstood by the contributions of the dipole and quadrupole electric

transitions.

Introduction

§1.

Tellurium exhibits dichroism in the absorption
edge: the shape of the absorption curve depends
on the radiation polarization with respect to the
ternary axis (c-axis) of the crystal.” We report
experimental results obtained in the absorption
edge and magneto-absorption studies carried out
with the light polarized parallel to the c-axis.
The experiments are performed on very pure
single crystals (holes density 10°cm™; mobility
10°cm®V~'sec™ at 4°K), at liquid helium tempera-
ture in a superconducting magnet.

§2. Absorption Edge

The experimental results indicate that the in-
terband transition is direct and obeys a selection
rule: the transition is allowed for E|c¢ and
forbidden for Ej/c. Figure 1 shows a plot

of the absorption edge for Ej//c. We observe
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Fig. 1. Absorption coefficient vs. photons energy.
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an exciton peak which indicates that the electron-
hole interaction has to be taken into account
in the absorption process. Beyond the continu-
um limit, K(%w) is satisfactorily fitted with the
theoretical expression® in the forbidden case:
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The exciton binding energy R and the energy
gap E, are deduced from this analysis: R=1.4+
.2meV, E;=334.74.2meV at 10°K. Extrapo-
lating at zero field the energies of the magne-
toabsorption peaks, we obtain 334.84-.2 meV.

Recombination radiation studies performed by
C. Benoit a la Guillaume and J. M. Debever®
are in fair agreement with the absorption data:
the spontaneous emission line is polarized
perpendicular to the c-axis and the shape of the
line indicates that the transition is direct-allowed.
Thus we can conclude that the transitions E | ¢
and E//c correspond to the same pair of bands.
A further proof is provided by magneto-absorp-
tion results on the transition E | ¢, as we recently

TRANSITION E#C  H/C
Exciton Line

K(fhw)

(Arb. Units)

T 1~i00k
H=178KG
336 Nw
meV
Fig. 2. Detail of the absorption edge near the

gap at zero field and for field parallel or an-
tiparallel to c.
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observed®’ and obtained the same value of the
energy gap.

From group theory, Hulin® deduced the selec-
tion rules for the electric dipole transitions at
different points of the Brillouin zone. The ob-
served selection rule must be valid at the points
M and P, which seem the most probable loca-
tion of the bands extrema. In the case of
parabolic bands, the isoenergetic surfaces would
consist of two revolution ellipsoids with axes
along the c-direction, one at the point M and
one at the point P, deduced one from the other
by symmetry with respect to the center of the
Brillouin zone (Kramer’s degeneracy). These two
ellipsoids correspond to the same energy but to
different spin states. Magneto-absorption results
are analysed in this model.
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Fig. 3. Magneto-absorption peaks energies vs.
magnetic field.
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Fig. 4. Brillouin zone.
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§ 3. Magneto-Absorption
A. Experimental results

Most of the experiments were performed in
the configuration H//c, with the photon wave
vector ¢ transverse (as indicated in Fig. 6).
Using two different orientations for the sample
(1 to 4mm thick), we investigated magneto-
absorption for the two possible directions of g
(g//1: binary axis or ¢//2). In this geometry, a
remarkable effect appears, resulting of the lack
of inversion symmetry in tellurium: the in-
tensities of pairs of lines are inverted by reversal
magnetic field. This effect, observed on the
various samples studied and for the two con-
figurations (g//1 and ¢//2) of the photon wave
vector, is particularly important in low field on
the two first lines (Fig. 2), but is observed for
the complete spectrum (Fig. 5). At higher field
(50 to 60KG), field reversal interchanges the
intensities of weak pairs, but does not affect
the stronger peaks.

We show (Fig. 6) that a rotation from 180°
of the crystal around the c-axis changes one type
of spectra into the other. Such an operation is
equivalent to the reversal of g. Thus we can
conclude that the inversion of light propagation
gives the same result as the reversal of the field.
This indicates that the photon wave vector

TRANSITION E/C
' KepwH) §

H

H/C

340 350 360
Fig. 5. Magneto-absorption for E//c//H (H=
16.7 KG).
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Fig. 6. Magneto-absorption spectrum (E//c//H) for the two opposite direc-
tions of H along c¢ and after rotation of 180° of the crystal around to

the c-axis.

should be taken into account in the interband
transition.

In the case H | c, the energies of the peaks
do not depend on the orientation of the magnetic
field in the plane perpendicular to the c-axis.
This result indicates that the E(k)=C" surfaces
must have a revolution axis parallel to the
ternary axis.

B. Discussion

The experimental data obtained for Hj/c are
analysed assuming parabolic bands i.e. two
revolution ellipsoids (one for each spin state)
along c. In the case of forbidden transitions,
the matrix element:

Celce "™ ply>=[M,y wFy(r)]=

neglecting g (dipole electric transition)

1
Mcv :‘h_[Vk(e ’pcv)]kmax

. 1 pca(e'pav) Pav(€*Pea)
=% [EC—E,, TE,—E, ]

Fy(r) is the wave function of the relative motion

of the electron and hole, #=—ip+(e/2c)HXr,
r=r,—rg, k=k,=ky. The theory predicts oscil-
latory effects for H| M,, From theoretical
considerations,” we deduce that M,, is perpen-
dicular to ¢//H. Neglecting Coulomb interaction
and broadening of levels, the absorption coef-
ficient is given by

Koc ¥ (N+1)

N
—1/2
{[M-P [ﬁw—Eg—hwl— <N+—;—)ﬁw*]
—1/2
M [fzw—En—ﬁwz— (N+%)ﬁw*] } ,

M*=M,+iM,(H|[c|/z) ,
cyclotron frequencies of the
electrons and holes).

e .
W =w+w; (w1, st

The selection rules for the dipole electric transi-
tions are AN=+1 and two series of peaks with
intensities increasing as N+1 are predicted by
the theory.®” The quadrupole electric transi-
tions are depicted by the first order in g of the
matrix element. Such transitions correspond to
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Fig. 7. Energies of the lines observed at 37.5KG (HJ/c).

the selection rules AN=0, +2.

Taken into account spin effects, each series
of lines should be split into two components
separated by g*upH (¢* is a combination of the
g factor of the two bands). The energies of
the magneto-absorption lines are indicated in
Fig. 7 (H=37.5KG): two series of strong lines,
with regular spacing, and split into two com-
ponents (field reversal does not alter the intensity
distribution at high field). We assume that these
lines correspond to the dipole electric transition
AN=41. The spectrum exhibits in addition
two series of weaker doublets, the intensities of
which are inverted by field reversal. These
lines have the expected energies corresponding
to the quadrupole electric transitions AN=0,
AN=+2. Magneto-absorption results*’ on the
allowed transition E | ¢ support this interpreta-
tion: the series AN=0 are observed (lines 1 and
2) but AN=+1 do not occur (lines 3 and 4).
Each doublet would result from the spin split-
ting with the value ¢g*=11. The transverse
effective masses for the electrons and holes are
deduced from this analysis: m;; =.115+.004 m,,
m,, =.0384.002 m,. The hole transverse effective
mass determined by cyclotron resonance®:®
(.1194.006 m,) is in good agreement with the
result obtained for m; .

The non-linear dependence (observed on the
first lines) for the peaks energies as a function
of magnetic field results from the Coulomb
interaction.

Elliott and Loudon’s calculations' developed
in the approximation (%w*/2R)»1 predict that
the main intensity in each magnetic sub-band
transition is displaced to the lowest exciton line
and the absorption in the continuum is reduced
to an insignificant shoulder. The observed peaks
correspond probably to the transitions in the
bound states, which are shifted below the en-
ergies {N+(1/2)}Aw.. The binding energy in-
creases less rapidly than linear with the field
and explains qualitatively the non-linearity
observed.
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