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Abstract
We have analysed the effect of silver content on the optical properties of
Ag-photodoped amorphous GexSb40−xS60 (with x = 10, 20 and 30 at.%)
chalcogenide thin films; the chalcogenide host layers were prepared by
vacuum thermal evaporation. Films of composition
Agy(GexSb40−xS60)100−y , with y � 10 at.%, were prepared by successively
photodissolving about 10 nm thick layers of silver. The film thickness and
optical constants have been accurately determined by a refined envelope
method, based upon the two envelope curves of the optical-transmission
spectrum, obtained at normal incidence. The dispersion of the linear
refractive index of the Ag-photodoped chalcogenide films is analysed in
terms of the Wemple–DiDomenico single-effective-oscillator model. We
have found that the maximum change in the index of refraction, between the
Ag-photodoped and the undoped material, is about 0.08, when the
Ag-concentration reaches the level of saturation of around 10 at.%. On the
other hand, the Tauc gap, E

opt
g , decreases notably, with increasing

Ag-content: for instance, in the particular case of x = 10 at.%, the smallest
Ge-content, E

opt
g decreases from 1.97 down to 1.67 eV.

1. Introduction

Chalcogenide glasses, based on S, Se and Te, have many
unique optical properties, which can be used for a wide
variety of applications [1]. These glasses are very promising
materials for use in optical elements, such as gratings
[2], optical recording media [3] and in fibre optics and
guided-wave devices in integrated optics, since they certainly
exhibit good transparency in the infrared region, especially
at the telecommunication wavelengths, 1.3 and 1.55 µm [4].
Moreover, the chalcogenide glasses possess a high third-order

3 Author to whom any correspondence should be addressed.

nonlinearity, with an ultrafast time response [1, 5]. The
nonlinear refractive index, n2, of Ag-doped chalcogenide
glasses is generally higher than that of the undoped glasses,
because the Ag-doped chalcogenides have higher linear
refractive index, n—the presence of silver (transition-metal)
atoms, with easily polarizable electron clouds, is a clear
advantage for the effect. It should be pointed out that,
recently, Ogusu et al [6] developed Agy(As0.4Se0.6)100−y

glasses, with n2 greater than 2000 times that of fused silica, by
the corresponding addition of Ag into As2Se3 glasses.

Optically-induced dissolution and diffusion of some
metals (Ag, Cu, Zn, and Cd), in amorphous chalcogenides, has
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been extensively investigated by many authors [7–12] and has
not been fully explained as yet. Understanding the kinetics
of the photodoping process, and finding new, suitable host
glass-matrices, is, indeed, a crucial point for all technological
applications. In addition, the technique of the photodissolution
of Ag, step-by-step and at room temperature, into amorphous
chalcogenide films, allows the preparation of homogeneous
films with exactly the desired silver concentration and
thickness [13]. The amorphous ternary films with chemical
composition GexSb40−xS60 are appropriate, in combination
with Ag-photodoping, because layers of good optical quality,
with a reasonably broad range of silver-content, could be
obtained; in a previous paper [14], we have reported in detail on
the optical dispersion and absorption and also on the structure
of the corresponding undoped Ge–Sb–S chalcogenide glassy
samples. So, the aim of the present work was, firstly, to prepare
these Ag-doped GexSb40−xS60 (with x = 10, 20 and 30 at.%)
chalcogenide films and, secondly, to study their respective
linear optical properties—we believe that this is the first time
that a systematic optical characterization of such glassy alloy
films is presented.

2. Experimental procedures

The chalcogenide host thin films were synthesized using
the well-established vacuum thermal evaporation technique.
To produce the bulk glass for the evaporation source, the
constituents were measured into a quartz tube, vacuum-sealed
and melted in a rocking furnace for 24 h at 1000 ◦C and,
subsequently, quenched in air. Fragments of the bulk material
were used to evaporate the films in a vacuum chamber with
a residual pressure of approximately 1 × 10−4 Pa and at a
rate of around 1 nm s−1; the deposition rate was continuously
measured by the dynamical weighing procedure.

X-ray diffraction measurements showed that all the
films to be studied were amorphous, and their chemical
compositions were checked by EDX-analysis. The thicknesses
of the films ranged between about 700 and 1200 nm, which
are appropriate for the accurate evaluation of all the optical
parameters, considering the total number of interference
fringes existing in the optical-transmission spectra, by the
refined envelope method used in the present work, previously
reported in detail by Gonzalez-Leal et al [15]. It should be
emphasized that we have not found any appreciable influence
of the film thickness on the optical properties of the starting
undoped Ge–Sb–S samples, in the 700–1200 nm range.

Next, different layers of silver were evaporated on
top of the chalcogenide host. For the Ag-deposition we
used an Al2O3-covered tungsten boat, thereby reducing
notably both the heat and light exposure of the samples,
during the evaporation process. Photodoping was carried
out by illuminating the samples with a 500 W tungsten
lamp, equipped with a large Fresnel lens and an IR cut-
off filter. During the light exposure, the samples were
carefully sandwiched between two other glass plates, in
order to avoid surface oxidation. The Ag-concentration of
our Ag-photodoped samples ranged between around 1 and
10 at.% (it reached the level of saturation). When preparing
layers with a relatively large Ag-content, we always found
that photodissolving a relatively thick layer of silver, in

just one step, resulted in a photodoped product that was
rather inhomogeneous. However, doping the chalcogenide
host, step-by-step, by consecutively dissolving ∼10 nm thick
layers of silver, produced a homogeneous sample, without
silver remaining on top of this sample, after completing the
illumination. The values of the silver concentration quoted
were determined from the measurements of the silver and the
chalcogenide layer thicknesses.

The room-temperature optical-transmission spectra, at
normal incidence, of the samples, were recorded over the 300
up to 2500 nm spectral region, by a double-beam UV/Vis/NIR
spectrophotometer (Perkin-Elmer, model Lambda-19). The
area of illumination over which the transmission spectra were
obtained is 1 mm × 10 mm. It should be pointed out that
the transmission spectra of the doped thin-film samples were
those corresponding to weakly-absorbing thin layers, with
uniform thickness—the absence of shrinkage in the amplitude
of the interference fringes of those transmission spectra is clear
evidence of the thickness uniformity of the Ag-photodoped
films [16]. Finally, the thicknesses of the films were also
directly measured by a stylus-based surface profiler (Sloan,
model Dektak IIA), with an accuracy of ±5 nm, in order
to systematically cross-check the results derived from the
application of the optical-characterization method with the
optical-transmission spectra.

3. Results

The transmission spectra of two representative undoped and
Ag-photodoped amorphous GexSb40−xS60 thin-film samples
are plotted in figure 1. Judging from these experimental

Figure 1. Room-temperature optical-transmission spectra (at
normal incidence), of two representative undoped and
Ag-photodoped amorphous Ge20Sb20S60 thin films, deposited onto
slightly-absorbing, 1 mm thick, borosilicate glass substrates
(Menzel–Gläser microscope slides). The transmission spectrum of
the bare substrate, Ts, is also conveniently plotted in the graph. The
top and bottom envelope curves, T+ and T−, have been computer
drawn using the algorithm developed by McClain et al [17].
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Table 1. Thicknesses corresponding to the different undoped and Ag-photodoped (fully saturated) amorphous GexSb40−xS60 chalcogenide
films. Also, the number of ‘Ag-photodoping steps’, their respective thicknesses and the values of the accumulated total Ag-thickness, the
final Ag-concentration and the sample thickness contraction.

Ge-content
(at. %)

Undoped sample
thickness,
d initial

Ge–Sb–S (nm)

Number of
Ag layers
(thicknesses of
Ag layers (nm))

Accumulated
silver thickness,
daccumulated

Ag (nm)

Maximum
Ag-content
(at.%)

d initial
Ge–Sb–S +

daccumulated
Ag

(nm)

Photodoped
sample
thickness,
dfinal

Ge–Sb–S (nm)

Thickness
contraction
(%)

10 1195 ± 6 (0.5%) 6 (10,8,12,10,10 and 10) 60 7.6 1255 1233 ± 7 (0.6%) 1.7
20 710 ± 5 (0.7%) 5 (10,8,12,10 and 10) 50 10.1 760 751 ± 7 (0.9%) 1.2
30 950 ± 5 (0.5%) 5 (10,8,12,10 and 10) 50 7.7 1000 996 ± 9 (0.9%) 0.4

results, a clear red-shift occurs in the interference-free region
of the spectra, with increasing Ag-content. Such a shift, as
discussed later in the paper, is a consequence of the decrease
of the corresponding optical band gap, when the Ag-content
is increased. Also, an increase in the amplitude of the optical-
interference fringes, resulting from Ag-photodoping, can be
seen in figure 1: this unambiguously reflects an increase in the
linear refractive index of the photodoped sample.

The values of the thickness, d, linear refractive index, n,
and absorption coefficient, α, of all the films being studied,
have been determined only from their normal-incidence
transmission spectra, using the previously mentioned envelope
method that, significantly, takes into account the slight
absorption existing in the glass substrate and whose
wavelength-dependent refractive index is about 1.5. Thus,
film-thickness values, and, correspondingly, refractive-index
values, with accuracies better or around 1%, have always
been achieved—see table 1 in [15], where more detailed
information about the accuracy of the thin-film thicknesses
can be found. The d-values and their respective uncertainties,
calculated by the envelope method, are all listed in table 1.
Alternatively, these values of the thickness were, as indicated
above, directly measured by the mechanical profilometer, and
the differences found between the mechanically-measured and
optically-calculated values were, in all cases, less than 3%.
In addition, it is necessary to stress that there is no loss in
transmission in the long-wavelength region of the spectra, as
is the case in other chalcogenide films [14] (see figure 1); in
other words, in the transparent region, the top envelopes of
the two transmission spectra, T+, practically coincide with the
transmission spectrum of the bare substrate, and it is, certainly,
the direct result of the absence of any optically-detectable
surface roughness in the samples subjected to study.

Returning to table 1, it should be noted that the Ag-
photodoped-film-thickness values show that the final sample
thickness, once the highest Ag-concentration has been reached,
dfinal

Ag–Ge–Sb–S, is slightly smaller, or practically equal, to the sum
of the undoped sample thickness, i.e. the initial thickness,
d initial

Ge–Sb–S, and the accumulated total Ag-thickness, daccumulated
Ag :

dfinal
Ag–Ge–Sb–S � d initial

Ge–Sb–S + daccumulated
Ag . So, in the case, for

example, of the composition with the smallest Ge-content,
Ge10Sb30S60, the thickness changed from 1195 ± 6 nm, for
the undoped film, up to 1233 ± 7 nm, after photodissolving
a total amount of Ag of 60 nm, with six ‘Ag-photodoping
steps’ of thicknesses 10 nm, 8 nm, 12 nm, 10 nm, 10 nm and
10 nm, respectively. The difference between the value of the
sum of thicknesses, d initial

Ge–Sb–S + daccumulated
Ag , 1255 nm, and the

value of dfinal
Ag–Ge–Sb–S, was, therefore, 22 nm, which means a

relative thickness contraction of 1.7%. A decrease of the
Ag-photodoped-product thickness has also been reported by
Kawaguchi and Masui [18], in the cases of the close binary
chalcogenide compositions Ge30S70 and As40S60. Moreover,
as seen in table 1, the observed sample thickness contraction
decreases with increasing Ge-content. This could be related to
the accompanying increase in the number of GeS4/2 tetrahedral
structural units, which are increasingly present in the atomic
structure of the Ge–Sb–S samples [14], as the Ge-content
increases.

On the other hand, the optical-characterization method
proposed by González-Leal et al [15] provided values of
the index of refraction, at the particular wavelengths, λtan,
where the transmission spectra are tangential to their top
and bottom envelope curves, T+ and T− [16]. It is worth
recalling at this point the basic equation for the appearance
of optical-interference fringes, 2n(λtan)d = mλtan, where
m is the order number, see figure 1, in which some m-
values are introduced for illustrative purposes. Additionally,
the spectral dependence (dispersion) of the refractive index,
in the visible and near-infrared regions, was analysed in
terms of the Wemple–DiDomenico (WDD) single-effective-
oscillator model [19, 20], whose mathematical expression is
the following:

ε1(ω) = n2(ω) = 1 +
EoEd

E2
o − (h̄ω)2

, (1)

where h̄ω is the photon energy, Eo is the oscillator energy and
Ed is the so-called dispersion energy. Plots of the refractive-
index factor (n2 − 1)−1 versus (h̄ω)2, for some representative
Ag–Ge–Sb–S alloy films being studied, are shown in figure 2,
along with their corresponding least-squares straight lines;
the Ag-content dependence of the static refractive index, n

(h̄ω = 0), is also displayed, as an inset, in figure 2. It is to
be emphasized the goodness of the linear fits to the larger-
wavelength data. The typical behaviour of the dispersion of
n is observed in all the cases: the experimental frequency
variation in the refractive index clearly departs from that given
by equation (1), when the photon energy approaches the optical
band gap, Eopt

g (interband absorption). The dependences of the
WDD dispersion parameters, Eo and Ed, on the Ag–content,
for all the samples subjected to study, are shown in figures 3(a)
and (b).

Once the values of the refractive index are known in
the working spectral region, in terms of equation (1), the
optical-absorption spectra of the present chalcogenide alloy
films were then derived from the upper envelope, T+, of their
transmission spectra [15]. Some of the calculated spectra of
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Figure 2. WDD fits of the optical-dispersion data corresponding to
undoped and Ag-photodoped Ge20Sb20S60 thin-film samples. The
dashed straight lines are linear least-squares fits. In the inset, the
variation of the static refractive index, n (h̄ω = 0), with the
Ag-content, for these particular samples; the solid line is to guide
the eye.

Figure 3. Compositional dependences of the
single-effective-oscillator parameters Eo and Ed. All the solid lines
are to guide the eye.

α are displayed in figure 4(a), using a logarithmic scale: in
order to complete the computation of the optical constants
(n, k), the dimensionless extinction coefficient, k, is easily
obtained from the already-known α-values, using the basic

Figure 4. (a) Optical-absorption spectra of the undoped and
Ag-photodoped amorphous Ge20Sb20S60 films. (b) Determination of
the optical band gaps, in terms of Tauc’s law, as linear extrapolation
(dashed straight lines) of the high-energy (or, equivalently,
high-absorption) data.

formula, k = αλ/4π . Next, the optical gap, E
opt
g , was

determined, according to the generally accepted ‘non-direct
transition’ model for amorphous semiconductors, proposed by
Tauc [21], from the intercept on the energy-axis of the linear
fit of the larger-energy data, in a plot of (αh̄ω)1/2 versus h̄ω—
the corresponding Tauc plots are shown in figure 4(b). This
implies the following equation:

(αh̄ω)1/2 = B1/2(h̄ω − Eopt
g ), (2)

where B1/2 is the so-called Tauc slope. This relationship
assumes that the densities of the electron states in the valence
and conduction bands, near the band gap, have a parabolic
distribution and, also, that the matrix elements for the interband
transitions associated with the photon absorption are equal for
all the transitions.

4. Discussion

The Wemple–DiDomenico single-oscillator parametrization
of the optical-dispersion curves [19] was the first approach that
attached physical significance to the dispersion parameters.
Relating the Kramers–Kronig equation for the real part of the
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dielectric function:

ε1(ω) − 1 = 2

π
P

∞∫

0

ω′ε2(ω
′)

ω′2 − ω2
dω′, (3)

to equation (1), we can have an insight into this proposed
physical meaning. So we can write

EoEd

E2
o − (h̄ω)2

= 2

π
P

∞∫

0

ω′ ε2(ω
′)

ω′2 − ω2
dω′. (4)

Next, by expanding both sides of equation (4), in powers of ω2,
and equating the coefficients of the different terms, we finally
obtain:

E2
o = M−1

M−3
(5)

and

E2
d = M3

−1

M−3
, (6)

where we have introduced the rth moment of the optical
spectrum, which is defined as follows:

Mr = 2

π

∞∫

0

Erε2(E) dE. (7)

As we can see from equation (5), Eo does not depend on the
scale of ε2(E), because the numerator and the denominator
are of the same power; thus, the oscillator energy, Eo, is
considered an average band gap, the so-called WDD gap, and it
corresponds to the distance between the ‘centres of gravity’ of
the valence and the conduction bands: Eo is, therefore, related
to the bond energy of the different chemical bonds present
in the material. In this way, the strong decrease observed in
the dispersion parameter, Eo, with increasing Ag-content (see
figure 3(a)), for the Ag–Ge–Sb–S films under study, is mainly
due to the lower bond energy of Ag–S bonds, 217 kJ mol−1

[22], in comparison with those corresponding to Ge–S and
S–S bonds, 551 kJ mol−1 and 425 kJ mol−1, respectively.

On the other hand, unlike Eo, the dispersion energy, Ed,
does depend upon the scale of ε2(E), and, as a result, serves
as a measure of the strength of the interband transitions. An
important achievement of the WDD model is that it relates the
dispersion energy to other physical parameters of the material,
through a simple empirical formula [19, 20]:

Ed = βNcZaNe (eV), (8)

where β is a two-valued parameter, with an ‘ionic’ or ‘covalent’
value (βi = 0.26 ± 0.03 eV and βc = 0.37 ± 0.04 eV,
respectively), Nc is the coordination of the cation nearest
neighbour to the anion, Za is the formal chemical valency of
the anion and Ne is the total number of valence electrons, cores
excluded, per anion.

The incorporation of Ag into the structure of the present
GexSb40−xS60 glass films has the effect of decreasing the
WDD dispersion parameter Ed (see figure 3(b)). Hence, as
an appropriate approximation [23], the addition of silver into
the ternary chalcogenide matrix decreases one or other of the

quantities on the right-hand side of equation (8). Even if Ag-
photodoping were to change the nature of the chemical bonding
towards being less ionic, considering the electronegativities
of the different types of atoms present in the material, this,
undoubtedly, cannot be the major factor, since this particular
factor would increase the parameter β (βc > βi). Furthermore,
in less ionic materials, the smaller s–p splitting increases the
parameter Ne, which is, again, against the observed trend
in the dispersion energy. For this reason, in our case of
Agy(GexSb40−xS60)100−y thin-film samples, it is reasonable to
assume that the average cation coordination is the factor that
is most affected by the addition of Ag to the glassy structure;
it must also be taken into account that Za = 2 remains valid
for all the samples.

On the other hand, it is to be mentioned that there is a
substantial difference between the Ag-photodoping process
of As2S3 (reference composition) glass films, compared with
that in GeS2 and GeSe2 glass films. The photodoping of
GeS2 with Ag, at concentrations of 16 at.%, results in the
destruction of 6 ± 3.5% of GeS4/2 tetrahedral structural units,
whereas in the GeSe2 layers photodoped up to 20 at.% by silver,
12 ± 3.5% of the initial number of the GeSe4/2 tetrahedra
are destroyed [24]. The demolishing of structural units in
the Ge-based chalcogenide glasses, with Ag-photodoping,
and their conservation in the arsenic sulfide glass, which
is formed, mainly, by eventually well-preserved pyramidal
As2S3/2 molecules, are obviously conditioned by the more
rigid structures of GeS2 and GeSe2 amorphous networks.
Moreover, although the introduction of Sb, forming, mainly,
SbS3/2 pyramidal structural units, appears to ‘soften’ the
otherwise rigid Ge–S network [25], it seems plausible to finally
propose that photodoping with Ag the present ternary alloys
will decrease their effective cation coordination number, Nc,
as a consequence of the destruction of certain structural units,
and, therefore, according to equation (8), the dispersion energy,
Ed , will also decrease, as has been empirically found.

In the compositional dependence of the static refractive
index, n(0) (=√

1 + Ed/Eo), shown in the inset of
figure 2, and corresponding to the representative case of
Agy(Ge0.20Sb0.20S0.60)100−y sample, a relatively moderate
increase, with increasing Ag-content, can be seen, which
is straightforwardly explained, according to the Lorentz–
Lorenz equation, by the larger electronic polarizability of the
transition-metal atoms of Ag, with more easily polarizable
electron clouds and having a covalent radius of 153 pm [26],
in comparison with the electronic polarizabilities of Ge, Sb
and S atoms, with smaller covalent radii of 122 pm, 138 pm
and 102 pm, respectively. Also, the origin of the plateau,
evident in the inset of figure 2, between around 4 and 8 at.% of
silver, is not certain, but it may well arise from a fundamental
change in the structure of the Ag-photodoped film, over this
particular compositional range. In addition, a clear red-shift
of the optical-absorption edge is observed in figure 4(a), with
increasing Ag-content, again for the representative sample of
composition Agy(Ge0.20Sb0.20S0.60)100−y . It should be stressed
that following the Kramers–Kronig relationship for the real
part of the dielectric function, equation (3), the red-shift
in the optical-absorption spectrum must necessarily give an
increased refractive index, as experimentally obtained. It is
worth expressing here the fundamental relationship, equivalent
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Figure 5. Tauc gap (a) and slope (b), versus Ag-content, for each of
the chalcogenide compositions under investigation. All the solid
lines are to guide the eye.

to equation (3), which is derived by setting ω = 0: n(0)− 1 =
(1/2π2)

∫ ∞
0 α(λ) dλ, which allows checking the consistency

of the values of the static refractive index and the relative
positions of the optical-absorption edges. That is, it should
be verified that the higher the value of n(0), the larger the area
under the absorption curve.

Continuing with the analysis of the different physical
quantities, as can be noted in figure 5, the Tauc gap decreases
notably with the Ag-content, for all the compositions studied.
For instance, in the particular case of a Ge-content of 10 at.%,
E

opt
g decreases from 1.97 down to 1.67 eV, when the Ag-

concentration in the sample increases from zero up to the
maximum value corresponding to the smallest Ge-content,
7.6 at.%. This fact could be explained if we consider that, as
the silver is photodoped, it, acting as a cation, joins mainly S
atoms: the incorporation of silver into the structure of the Ge–
Sb–S alloys is expected to produce preferentially the breaking
of S–S homopolar bonds, belonging to S8-rings or S-ring
fragments, and Ge-S heteropolar bonds, belonging to edge-
sharing-type GeS4/2 structural units [12]. Interestingly, the
existing pyramidal SbS3/2 structural units presumably will not
be destroyed, as the Ag is photodissolved. If we now take
again into consideration the bond energies of the S–S and Ge–
S bonds (425 kJ mol−1 and 551 kJ mol−1, respectively) and
that of the Ag–S bonds (217 kJ mol−1), the Ag-photodoping
is obviously expected to give place to a remarkable decrease
in the Tauc gap, as experimentally found.

Next, we examine the empirical correlation between the
WDD and the Tauc gaps (see figure 6). As seen in this
graph of Eo versus E

opt
g , for the Ag–Ge–Sb–S films, it is

Figure 6. The relationship between the parameter Eo and E
opt
g , for

the Ag–Ge–Sb–S thin-film samples. The dashed straight line is a
linear least-squares fit (the corresponding correlation coefficient is
0.987).

verified that Eo = 2.03 × E
opt
g + 0.39. According to Tanaka

[27], the correspondence between the parameters Eo and
E

opt
g , in the case of amorphous chalcogenides, is expressed

functionally as Eo ≈ 1.9 × E
opt
g ; also, more recently, Ticha

and Tichy [28] have found the following phenomenological
relation, for the two gaps under consideration: Eo = 1.25 ×
E

opt
g + 1.50. These two previously reported relationships were

obtained from considering values ofEo andE
opt
g corresponding

to binary compositions, whereas in the present case, the
data, significantly, belong to much more complex, from the
point of view of the electron band structure, quaternary
chalcogenide alloys. Finally, the B-factor, in equation (2),
is inversely related to the product of the already calculated
static refractive index, n(0), and the localized-state tail width,
�Etail [29–31], and it is, therefore, a clear indicator of the
degree of randomness of the atomic structure of amorphous
semiconductors. So, from the values of the Tauc slope,
B1/2, shown in figure 5(b), it is concluded that the silver
incorporation in Ge–Sb–S chalcogenide films tends to increase
monotonically the degree of disorder of the glassy structure;
it must be mentioned that the decrease found in the values of
the parameter B is much more pronounced than the increase
observed in the values of the static refractive index, and, thus,
the parameter �Etail (∝ [n(0)B]−1, as inferred from above),
increases with the incorporation of silver.

5. Concluding remarks

Silver-doped amorphous GexSb40−xS60 (with x = 10,
20 and 30 at.%) thin films have been prepared by the
room-temperature step-by-step photodoping technique; the
chalcogenide host layers were deposited by vacuum thermal
evaporation. The film thickness and optical constants
have been accurately determined by a refined envelope
method, based upon the two envelope curves of the optical-
transmission spectrum, obtained at normal incidence. We
have analysed in detail the optical-dispersion data, using
the WDD single-effective-oscillator model. Photodissolution
of Ag into the ternary chalcogenide matrix introduces new
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Ag–S bonds, which explains the substantial decrease in the
WDD and Tauc gaps, with the Ag-content. On the other
hand, we attribute the observed decrease in the dispersion
energy, with increasing Ag-content, mainly to the decrease in
the overall, effective cation coordination number. Lastly, the
maximum change in the linear refractive index found in the
present work, between the Ag-photodoped and the undoped
material, about 0.08, when the Ag-concentration reaches the
level of saturation of around 10 at.%, makes these Ge–Sb–
S chalcogenide glass films potential candidates as optical
recording media.
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