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The chemical bonding structure of heat- and photo- trested Ge, S «Seo films (x =5, 15, 20,
25, 27), evaporated on silicon substrates, has been studied by X-ray photoelectron
spectroscopy (XPS). The photodectron spectra of Ge and Sb for treated films, and their
comparison to those of ‘fresh’ films, reveal that Sh,Ssis not an intrinsic festure of the films.
From a consideration of the spectral data on the peak positions of Ge 3d and Sb 4d at each
velue of x, and for al types of treatment, the conclusion is drawn that annealing leads to a
looser film structure, and that illumination changes the structure significantly at x = 25. It is
suggested that the reorganization of the Ge component is the main reason for the binding
energy change of the Sb 4d. The spectra from doubly treeted films show that the binding
energy of the Sb 4d depends on the sequence of treatments. It is found that there is no
significant change in the binding energies of deeper core electrons.
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1. Introduction

Ternary chal cogenide glasses have attracted considerable recent interest, because of their
distinctive éectronic and optod ectronic properties [1-4]. It is worth emphasizing that in some cases,
films deposited from parent glasses possess different compositions and structures from the bulk
glasses [5]. Furthermore, heat- and photo-treated films are quite different from as-deposited ones,
due to structural reorganization concomitant with their history [6,7]. XPS analyses of the chemicd-
bonding structure of thermally evaporated GeSh.oxSeo films on Si substrates have been reported [5].
To darify the influence of the heat- and photo- treatments and the corresponding changes with the
film composition and structure, XPS was again applied in this study.

2. Experimental details

GeShixSeo films with different atomic concentrations (x = 5, 15, 20, 25, and 27) were
prepared by mdting the components in vacuum in a rotated ampoule, with subsequent cooling. The
film was deposited on a silicon substrate by thermal evaporation at a pressure less than 10° Pa, to
obtain athickness of about 1 pum.

A first set of films was annealed in an Ar-atmosphere at different temperatures T, for
2 hours. For each of the compounds, the maximum val ue of T, was 20 °C lower than the respective
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glass transition temperature (i.e. To = Ty — 20°C). A second set of samples was illuminated with a
HBO 500 mercury Lamp, without filters. The light flux power density was 0.42 mwW/cm? and
illumination was applied for 2.5 hours. During illumination, the temperature of the sample did not
exceed 320K, which corresponds to a temperature far below T4 for any of the compositions. Most of
the results reported herein are on such singly-treated films, though we will also mention results for a
double treatment in which the first set of samples was subsequently illuminated, and the second one
was anned ed, under the same respective illumination and annealing conditions.

The treated GeShyoxSso films of the two sets were studied by XPS, using a VG HB-100
multilab with a monochromatic Mg K, x-ray source (hv = 1253.6 eV). The base operating pressure
in the XPS chamber was better than 10" Pa.

3. Results

XPS spectra for the annealed and illuminated samples were taken for the Ge 3d and Sb 4d
photod ectron peaks at different Ge contents, X, asin Fig. 1. The Ge 3d and Sb 4d spectra were fitted
to Gaussian type peaks centred at 33.9 eV, 33.5 eV, 35.5 eV, and 32.2 eV, which correspond to the
various binding states of Sb 4d in Sh,S;, Sh,Ss, Sh,05 [8] and Ge 3d in GeO, [9] respectively. The
photoel ectron peak from the GeSbS film with x = 5 could only be fitted by the first three of these
Gauss an peaks. The peaks from the GeO, and Sh,0s are probably due to the photo-oxidation of the
films during their period of storage under normal laboratory conditions [5].
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Fig. 1. Ge 3d and Sb 4d photoel ectron spectra for (a) annealed and (b) illuminated
GeSha0xSso films with Gaussian distribution fits to the component peaks. Curves
1to 4 correspond to Sb,S;, S,Ss, Sb,05 and GeO, respectively.
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In order to remove surface contamination and photo oxidation products, the films were
etched with Ar*ionsat 2 KeV for 1 min. XPS spectra were obtained to enable study of the chemical
bonding structurein the deeper layers. Fig. 2 shows the various peak positions of Ge 3d and Sb 4d.
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Fig. 2. Ge 3d and Sb 4d photoel ectron spectrafor (a) annealed and (b) illuminated
Ge S40.,So films of various compositions, after Ar* sputtering.

By deconvaluting the spectra for the annealed and illuminated films, the positions of the
individual peaks have been determined. They are summarized, together with those for fresh films, in
Table 1.

Table 1. Peak positions of Ge 3d and Sb 4d for the photoelectron spectra of fresh, annealed
and illuminated films.

Ge, Binding energy (eV)
a.% fresh annealing illumination
Ge3d Sb 4d Ge3d Sb 4d Ge3d Sb 4d
5 - - - 34.0 - 34.1
15 31.4 34.0 31.8 33.1 31.8 34.1
20 31.7 34.2 32.1 33.1 31.9 34.3
25 31.8 34.2 32.8 33.2 30. 4 32.7
27 31.6 34.1 317 33.1 31.6 34.1

XPS results for doubly treated films that have been anneded then illuminated, and vice
versa, together with Sb 3d spectra were aso taken for the full range of different treatments, and will
be only commented upon here.

4. Discussion

From the resultsin Fig. 1, it can be seen that antimony sulphide compounds show oxidation
state V, along with state I11 which is normally observed, as was found for fresh films [5]. This means
that Sb,S; and Sh,Ss compounds exist in the film in both fresh and treated states. Since Sh,Ss is not
present in the parent glasses [10], it could be suggested that thisis aresult of the deposition process
itself. XPS measurement shows that GeO, and Sb,Os exist. Surprisingly, Sb,Os; has not been
observed for ether fresh or treated films, although Sh,S; is predominant.
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Using the spectrain Fig. 1, film component ratios can be extracted. The ratio Sh,0s/Sh,S; is
=~ 1 at dl x. The Sb,Os/Sh,S; ratio varies with x in a similar way, independently of the type of
treatment. However, only at x = 25 is this ratio nearly twice as high after illumination than after
annealing. It can be deduced that the Sh,S; component remains nearly unchanged, whilethe V state
Sb compounds, especially at x = 25, undergo a drastic change We conclude that Sh,Ss is not
inherent of the GeSh.o.xSeo films, as it is also the case for bulk glasses. Thus, this fact must be
considered when the coordination number is determined.

The effect of each of the treatments can be estimated viathe results in Table 1. The binding
energy of Sb 4d for the annealed film sharply decreases at x > 5, followed by a very similar change
with x to that of the fresh film. It appears that on illumination, a difference in binding energy
between illuminated and fresh films exists only at x = 25. The binding energy of Sb 4d in the
illuminated film decreases sharply here, as shown in Table 1. Obviously, the effects of annealing and
illumination are quite different. It can be suggested that annealing makes the film structure looser,
while illumination significantly changes the structure only at x = 25. To elucidate whether these
structural changes are linked to the direct influence of the SbS component or to structural changesin
the other film component of GeS, additional study is needed. On the basis of the binding energy
change of Ge 3d (though in GeO,), we propose that the binding energy change of the Sb 4d is
mainly due to a structural re-ordering of the Ge component in a new phase, and, to a much smaller
extent, due to the direct influence upon the SbS component.

The spectra of doubly treated films show that the binding energy of Sb 4d depends on the
treatment sequence. In the case of annealing followed by illumination, the binding energy is altered
by the process of illumination, while the binding energy for the reverse treatment process is shifted
down for each x, though to alesser extent, similar to the process of anneaing only.

In addition, it is found that there is no significant change in the binding energies of deeper
core dectrons, Sb 3ds, and Sb 3ds/, spectra for al the films at various vaues of x. It seems that the
binding energies of outer eectrons are more sensitive to the dectron configuration of the
neighbouring atoms than that of deeper coreleves.

5. Conclusions

The bonding structure of GeShyxSeo films evaporated on silicon substrates has been
studied at various compositions, by measuring and analysing the photod ectron spectra of Ge and Sb.
It is shown that Sh,Ss is not an intrinsic feature of the as-deposited or of the treated films. From a
consideration of the peak positions in the spectra of Ge 3d and Sb 4d as a function of x, and for the
different treatments, it is concluded that annealing leads to a looser sructure, and that the
illumination changes significantly the structure at x = 25. We suggest that the reorganization of the
Ge component is the main reason for binding energy change of the Sb 4d. The spectra of doubly-
treated films show that the binding energy change of Sb 4d is pre-determined by the treatment
sequence. It is also found that there is no significant change in the binding energies of the deeper
core d ectrons.
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