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Table 1: Compositions in at. % of Ge,Se;_, layers used in Raman screening in Figure 1

Flement a b ¢ d e f
Ge 35 42 51 55 60 100
Se 65 38 49 45 40 /

In Fig. 1 several peaks of interest could be identified using a combination of sources
containing studies of both chalcogenide thin films and bulk glasses.'™® The broad peak I,

centred around 175 cm™!

, can be attributed to Ge-Ge modes in ethane-like Gey(Se;/2)s
structural units as illustrated in the molecular representation. Peaks II and III, centred
around 197 cm™! and 217 cm™! are related to GeSe, tetrahedra that can be connected by
sharing Se atoms. Peak II corresponds to the symmetric stretching of Ge-Se-Ge linkages
that are corner-shared (CS) whilst peak III corresponds to the breathing mode of a pair of
Se atoms that are edge-shared (ES). Peak IV, at 250 ¢cm™! corresponds to the modes of a
third structural unit that is difficult to observe for Ge rich layers. This broad peak, that
overlaps partially with peak V, corresponds to stretching of Se-Se chains. Finally, peak V

indicates a broad band stretching from 225-325 cm ™! that can be easily observed in all but
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Figure 1: Raman spectra of Ge,Se;_, layers a-f with resolved peaks I-V. The inset shows a
molecular representation of the configuration modes corresponding to peaks I-111

the Ge-poorest layers. Specifically, this peak is also present in a pure Ge layer and is not
dependent on the substrate material.

It can be observed that peak intensity varies greatly between compositions. For composition
a, peaks IT and IIT are the most intense. This is expected as this composition is closest to the
1-2 ratio of Ge-Se that make up the structural unit that is responsible for these peaks. Even
still there are other peaks noticeable. The shoulder peak I indicates that some structural
units contain an excess of Ge-Ge bonds, likewise the high intensity in region IV denotes the
presence of pure Se chains. From this it can be deduced that the glass is not in perfect
chemical equilibrium. This is a consequence of the PVD deposition process which results in
thin films with a higher degree of disorder compared to their bulk glass alternatives. For
composition b the shoulder at I greatly increases as here the composition has a moderate
excess of Ge. Pure Se chains become near non-existent but the broad peak V, also observed
in pure Ge remains, indicating a presence of pure Ge clusters in the Ge-Se matrix. As the

compositions become richer in Ge, peaks I-ITT become less and less intense as all of these



are related to Se containing structural units and only the amorphous Ge peak remains. The

fact this peak is present in all layers may suggest the presence of Ge clusters across all

compositions which can explain findings on the bandgap and leakage current of GeSe.% 1!
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