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OPTICAL ABSORPTION OF Se Te , ALLOYS BETWEEN
x 1-x

B. SONNTAG, T. TUOMI3, and G. ZIMMERER

II. Institut für Experimentalphysik, University of Han-

burg, and DESY, Hamburg, Germany; University of Tech-

nology, Helsinki, FInland

The maxima at the onset of ihe Se 3d and Te 4d absorp-
tion in Se Te. alloys are investieated. Both shift

x l ~~x .
towards lower energy with incrcasing content of Te.. The
shift of the TG 4d peaks is proportional to the Te con-
centration whereas the shift of the Se 3d pcak deviates
from the linear behaviour at Te concentrations > 30 %.

l1. INTRODUCTION

The properties (l) arid the band structure of pure Se (2) and Te [3!

are very sinilar. It sccras reasonable, therefore, to assumc, that the

structure of the valence and conductlon bands in Se Te, alloys con-
x ]-x

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 0 to l.

Tb is assumption is in gencral agrecment with the results of absorption (4j

and reflecr.ion measurcments [5J- 011 Se Te. alloys in the regi.on of va-
x i "̂ x

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 interhand transitions localized at

critical po i n ts or certain regions in the Brillouin Zone.

By transitions from the sharp (in comparison to the width of the va-

lo.ncc and conduction bands), localizcd Se 3d and Te 4d states the be-

haviour of the conduction bands, espccially the p-symmatric lower ron~

duction band äs a function of the coucetitration can be irivcstigated sc-

parately. The core states don't anmlgamate and are affected much less

on alloying than the valence and conduction states äs has been

strated e.g. for solid rare gases (6j.



2. EXPERIMKNTAL PROCEDURE

The Se 3d and Te 4d absorption of thin laycrs (500 8. - 1500 S) of

Se Te allnyn has been determined. The samplcs have been prepared by
x 1-x

flash evaporation OlOOO 8/min, pressure ^10~-J Torr) in oruer r.o cnsurc

stoicbiometry. The AI Substrates were kept at room teinpcrature during eva~

poration in ordcr to prevcnt dccomposition of the evaporated material. The

layers with raore than 20 % Se were ainorphaus. As the Se 3d and Tc 4d ab~

Sorption spectra are almost the samc for crystallinc and amorphous sam-

ples [7,8] no care v;as takcn to get thc same niodification for all the

layers. The measurements were performed by use of the Synchrotron radi-

ation of the 7.5 GeV electron Synchrotron DSSY and a l m Rowland grazing

incidence spectronieter. Details of the cxperimcntal arrangcments are

described elsevhere [9J.

3. RESULTS WD DISCUSSION

The absorption coefficient of Se Te alloys in the photon cnergy
x I —x

region from 38 eV to 65 eV is shown in Fig. l. Trans itions of the 3d

electrons t o the p-Symmetrie conduct i" o n band g i ve r i se t o the maximum a t:

56 eV in the spectrun of pure Se. The spin orbi.t Splitting öl the Se 3d

levels ( l eV) c au r, es the shoul der a t trhc low energy s i de of the maximum,

whereas the shoulder at the high energy side is explaincd by a maximum

in the density of States of the eonduction band [7j. Pure Te fs] (x=0)

shows a pronounced doublet a t 41 eV and 42.4 eV wl^ich i s due t o t r ans i-

tions frorr, the spin orbit spllt 4d states. In the case of Te no fine

structure which Is rslated to the density of states of the eonduction

band can be detected. Tovards higher photon energies the absorption of Te

increasec strongly. This increase i s caused by delayed trans i tions of the

4d electrons to f-symmctric final states. The weak structure between 47 eV

and 50 eV in the case of Te and around 63 eV in the case öl. Se are due to

transitions to higher condnction bands and are not discussed here.

In the absorption spoctra of the alloys both the Se 3d and Te 4d ab-

sorption show up. Witliin the accuracy of our nfiisureinetits (; 20 %) the ab-

solute values of the absorption coefficients of Se Te, alloys apre.e v i t _ h
x I-x ' °

t he values calrul ated a.s a proportional suprrposi t Ion of the absorption
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y t: S r* îr fö CT [U rj ?T cm r( O C rj fl
.

P
-

C

O

F
iltra

tio
n

0 M
i

ftJ - rt O W X
) H
-

P O r-
j er h
"

M yi T
J M

1

h-
1-

rt rt H
-

rjj OQ H i r1
*

p] V
I n 0 L̂T rr P n rt • H P

P

r 
e

x
tra

p
o

M
1

M
-

O £ . H O cm P
*

M
-

rr O M
i
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Fig. 2

Energy shift of the

Se 3d and thc Te 4d

maxima (open circles

lou encrgy component,

füll circles high

ene.rgy component of

the doublet) äs a

function of the Te

concentraticn

20 40 60 80 100

Te- concentration {%)

of the. Se 3d maximum shows a marked deviation from the linear bchaviour.

Simplificd energy band scbemes 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 [7,8j . Therefore, i t

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 (lOj, ehe value for the

band gaps from Ref. (l,l l). By adjusting the calculated density of con-

duction, States to the absorption spectrum of Te onc finds that the Te 4d

maxiimim coincidcs approximately with the middle of ehe lower conduction

band [8J. In the case of Se the transitions from the tvo spin orbit
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Energy scheine of Se

and Te. The shift of

the energy level s on

alloying is indicated

by the dashed lines.

The widths of the

conduction bands have

been taken from

Ref. (3,10)

split 3d , and 3d , levels overlap appreciably. By separating both

contributions one can show that the main part of the absorption stems

from transitions of the 3d , electrons to states in the middle of the

lower conduction band. Superimposed is the absorption due to transitions

of the 3d„ , electrons to a density of states maximum at the lower edge

of the conduction band [7J. 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 äs

indicnted in Fig. 3 is in reasonable agrcement with the experimentally

detormined value of 0.5 eV. A linear shift is also supported by the

nearly linear dependence of the lattice constant on concentration (l2J

and by the linear shift of reflectivity maxima in the fundamental ab-



sorption region over a broad ränge of concLntrations [5J.

The model also explains the linear shift of the Se 3d maxima at low

Te concentrations. The deviatioii fron the. linear shift at. high TG con~

centrations, however, canno t be understood in terms of this simple model.

There are a number of possible explanations, e. g. , a shift of the Se 3d

core Icvels, or interaction of the fi nal states with the undcrlying con~

tinuum due to Te d-f transitions. However, the different behaviour of

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

REFERENCES

(1) P. Grosse, Springer Tracts in Modern Physics (ed. G. Hohler)

Springer-Verlag Berlin, Heidelberg, New York 48 (1969)

(2) R. Sandrock, Phys,Rev. 169, 642 (1968)

(3) K. Maschke, phys. stat. sol. (b) _47_, 511 (1971)

(A) E. Sutter, phys.stat.sol. 33, 749 (1969)

(5) J. Stuke und H. Keller, phys. stat. sol. 7_, 189 (1964)

(&} R. Haenscl, N. Kosuch, U. Nielsen, U. Rössler, and B. Sonntag,

to be published

(?) M. Cardona, W. Gudat, B. Sonntag, and P.Y. Yu, Proc. X Int. Conf.

Phys. Semicond., Cambridge, Mass. (1970)

[8J B. Sonntag, T. Tuomi, and G. Zimmerer, to be published

(9) P. Rabe, B. Sonntag, T. Sagawa, and R. Haeiisel, phys. stat. sol. (b)

50, 559 (1972)

(lOj L.D. Laude, B. Fitton, and M. Anderegg, Phys.Rev.Lett. 26, 637

(1971), L.D. Laude, B. Fitton, B. Kramer, and K. Maschke, Phys.Rev.

Lett. 27, 1053 (1971)

(ll) W. Reytr, H. Mell, and J. Stuke, phys.stat.sol. (b) 45, 153 (1971)

[12} E. Grison, J.Chem.Phys. 19, 1109 (1951)


