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OPTICAL ABSCRPTION OF SexTel—x ALLOYS BETWEEN

38 eV AND 65 eV

B. SONNTAG, T. TUOMI®, and G. ZIMMERER

II. Institut flir Experimentalphysik, University of Ham—
burg, and DESY, Hamburg, Germany; aUniversity of Tech-—

nology, Helsinki, Finland

The maxima at the onset of the Se 3d and Te 4d absorp—
tion in Se Te, alloys are investigated. Both shift
towards lower energy with incrcasing content of Te. The
shift of the Te 4d peaks is proportional to the Te cen-
centration whereas the shift of the Se 3d peak deviates
from the linear behaviour at Te concentrations » 30 Z.

I'. INTRODUCTION

The properties (1} and the band structure of pure Se {2} and Te [3]
are very similar. It secems reasonable, therefore, to assume, that the
structure of the valence and conduction bands in SeXTej_X alloys con-
tinuously changes from the band structure of pure Te to the band struc-
ture of pure Se if one increases the concentration x of Se from O to I.
This assumption is in general agreement with the results of absorption @}
and reflection measurements (5} on SexTel-x alloys in the region of va-
lence band transitions. These measurements give information on both the
valence and the conduction bands and may help to attribute structures in
the spectra of the pure substances to ilnterband transitions localized at
critical points or certain regions in the Brillouin Zone.

By transitions from the sharp (in comparison to the width of the va-
lence and conduction bands), localized Se 3d and Te 4d states the be-
haviour of the conduction bands, especially the p-symmetric lcower con-
duction band as a function of the concentration can be investigated se-
parately. lhe core states don't amalgamate and are affected much less
on alloying than the valence and conduction states as has been demon-

strated e.g. for solid rare gases [6].



2. EXPERTIMENTAL PROCEDURE

The Se 3d and Te 4d absorption of thin layers (500 X - 1500 R) of

SexTel~x alloys bhas been determined. The samples have been prepared by
flash evaporation (1000 R/min, pressure ~107° Torr) in order to ensurc
stoichiometry. The Al substrates were kept at room temperature during eva-
poration in order to prevent decomposition of the evaporated material. The
layers with more than 20 % Se were amorphous. As the Se 3d and Te 4d ab-
sorption spectra are almost the same for crystalline and amorphous sam-
ples (7,8) no care was taken to get the same modification for all the
layers. The measurements were performed by use of the synchrotron radi-
atien of the 7.5 GeV electron synchrotron DESY and a 1 m Rowland grazing

incidence spectrometer. Details of the experimental arrangements are

described elsewhere (9].
3. RESULTS AND DISCUSSION

The absorption coefificient of SeXIc alloys in the photon cnergy

I=-x
region from 38 eV to 65 eV is shown in Fig. 1. Transitions of the 3d
electrons to the p~symmetric conduction band give rise to the maximum at
56 eV in the spectrum of pure Se. The spin orbit splitting of the Se 3d
levels (] eV) causes the shoulder at the low energy side of the maximunm,
whereas the shoulder at the high energy side is explained by a maximum
in the density of states of the conduction band {7]. Pure Te {8} (x=0)
shows a pronounced doublet at 41 eV and 42.4 eV which is due to transi-—
tions from the spin orbit split 4d states. In the case of Te no {ine
structure which is related to the density of states of the conduction
band can be detected. Towards higher photon energies the absorption of Te
increases strongly. This increase is caused by delayed transitions of the
4d electrouns to f-symmetric final states. The weak structurc between 47 oV
and 50 eV in the case of Te and around 63 eV in the case ol Se are duc to
transitions to higher conduction bands and arc not discussed here.

In the absorption spectra of the alloys both the Se 3d and Te 4d ab-—
sorption show up. Within the accuracy of our ncasurements (20 %) the ab-
solute values of the absorption coefficients of Se Te X alloys agree with

x -
the values calculated as a proportional supevpesition of the absorpticn
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coefficient of the pure substances. Both the Se 3d and the Te 4d peaks
«hift to lower energy when the Te content is increased. This can be seen
in detail in ¥Fig. 2 where the difference in cnergy position of the maxi-
ma in pure Se and in the alloys is drawn as a function of the Te concen-
tration. The position of the Te 4d absorption in pure Se was obtained

by linear extrapolation. The shift of the Te doublet 1s proportional to
the concentration of Te, the spin orbit splitting remains constant. In
order to determine the position of the Se 3d maximum the background due
to the Te d-f absorption has been subtracted. At low concentrations of
Te the Se 3d mazimum also shifts linearly, the slope being about the

came as for the Te 4d maxima. However, at higher amounts of Te the shift
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of the Se 3d maximum shows a marked deviation from the linear behaviour.
Simplified energy band schemes of pure Se and Te are given in Fig. 3.
It has already been pointed out that the broad maxima at the onset of
the Se 3d and Te 4d absorption show almost no fine structure that can be
attributed to the density of the conduction states [7,8). Therefore, it
is not necessary to give all the details of calculated band structures.
The energy of the top of the valence band with respect to the vacuum
level has been taken from photoemission data [10], the value for the
band gaps from Ref. (1,1]]. By adjusting the calculated density of con-
duction states to the absorption spectrum of Te one finds that the Te 4d
maximnm coincides approximately with the middle of the lower conduction

band LS]. In the case of Se the transitions from the two spin orbit
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split 3d5/2 and 3d3/2 levels overlap appreciably. By separating both
contributions one can show that the main part of the absorption stems
from transitions of the 3d5/2 electrons to states in the middle of the
lower conduction band. Superimposed is the absorption due to transitions
of.the 3d3/2 electrons to a density of states maximum at the lower edge
of the conduction band (7}. In Fig. 3 the distance between the core
levels and the middle of the conduction bands corresponds to the ex-
perimentally determined photon energies.

The simplest explanation for the shift of the Te 4d maxima is a
linear shift of the middle of the conduction band from its position in
pure Se to the position in pure Te. The resulting shift of 0.7 eV as
indicated in Fig. 3 is in reasonable agreement with the experimentally
determined value of 0.5 eV. A linear shift is also supported by the
nearly linear dependence of the lattice constant on concentration (12)

and by the linear shift of reflectivity maxima in the fundamental ab-
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sorption region over a broad range of concentrations (5).

The model also explains the linear shift of the Se 3d maxima at low
Te concentrations. The deviation from the linear shift at high Te con-
centrations, however, cannot be understood in terms of this simple model.
There are a number of possible explanations, e.g., a shift of the Se 3d
core levels, or interaction of the final states with the underlying con-
tinuum due to Te d—-f transitions. However, the different behaviour of

the Te 4d and Se 3d absorpticn is still an open question.
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