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Abstract

Optical reflection spectra, at normal incidence, of amorphous semiconductor thin films of chemical composition, As,,S,,Se,0,
deposited by thermal evaporation, have been obtained in the 0.56-3.10 eV spectral region. The optical constants of this glassy
alloy have been determined by use of an optical characterization method, which is based only on the upper and lower envelopes
of the reflection spectra. Such a procedure allows accurate determination of the real and imaginary parts of the complex refractive
index and the thickness of the films. Thickness measurements using a surface-profiling stylus have been carried out to cross-check
the results obtained by the envelope method. The dispersion of the refractive index has been analyzed according to a new model
recently proposed by Solomon. This optical dispersion model takes into consideration the width of the valence and the conduction
bands, introducing a correction to the model that is based on the single oscillator. Finally, the optical-absorption edge of the
a-As40S,405¢€,, thin films is described in terms of the non-direct transition model proposed by Tauc, in the strong-absorption region,
and in the medium-absorption region, according to Urbach’s rule. © 1999 Elsevier Science S.A. All rights reserved.

1. Introduction

Optical properties of chalcogenide glasses, such as
excellent transmittance in the infra-red region, con-
tinuous shift of the optical-absorption edge, and values
of refractive index ranging between around 2.0 and 3.5,
as well as a very strong correlation between the former
properties and the corresponding chemical composition,
explain the significant interest in these amorphous mate-
rials for manufacture of filters, anti-reflection coatings
and, in general, a wide range of optical devices [1-3].
Furthermore, the broad range of photo-induced effects
that the chalcogenide glasses exhibit [4,5], generally
accompanied by large changes in the optical constants
[6,7] and, particularly, shifts in the absorption edge (i.e.
photo-darkening or photo-bleaching), offer the possi-
bility of using chalcogenide glasses for high-density
information storage and high-resolution display devices
[8]. This clearly underlines the importance of the charac-
terization of these glassy materials by accurate determi-
nation of their optical constants, refractive index and
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extinction coefficient, as well as the corresponding opti-
cal band gap.

The optical constants of thin films are usually calcu-
lated from the measured values of the film transmittance,
T, reflectance, R, and thickness, d [9,10]. From the
literature [11,12], it is known that the relations describ-
ing T and R are very complicated functions indeed, even
for normal incidence of light. A relatively simple method
for computation of the optical constants using only the
optical reflection spectrum, at normal incidence, is
employed in this work (mainly based on Minkov and
Swanepoel’s ideas of using the upper and lower enve-
lopes of the spectrum [13-15]). These two envelopes
are computer-drawn according to a useful algorithm
developed by McClain et al. [16]. An important advan-
tage of this optical procedure is that when the reflection
spectrum is utilized rather than the transmission
spectrum [15], a greater number of interference extrema
(or equivalently, tangent points) occur, which leads to
significantly reduced errors when calculating the film
thickness and the refractive index [13]. In this paper,
this particular method is used to accurately calculate
the optical constants and the thickness of uniform
thermally evaporated thin films of the ternary glassy
composition, As4,S,0S€,0.

0257-8972/99/$ — see front matter © 1999 Elsevier Science S.A. All rights reserved.

PII: S0257-8972(99)00412-0



E. Marquez et al. | Surface and Coatings Technology 122 ( 1999) 60—66 61

In addition, the analysis of the dispersion of the
refractive index has been carried out using the well-
known single-oscillator Wemple—DiDomenico model
[17], and also using a new optical dispersion model
recently proposed by Solomon [18]. Both allow very
useful information to be obtained about the band struc-
ture of semiconductor thin films, using subgap spectro-
scopy. In particular, the first model allows determination
of the energy difference between the ‘centres of gravity’,
with the appropriate weighting factors, of the valence
and conduction bands. However, the Solomon model
goes one step further, allowing not only the aforemen-
tioned distance between the valence and conduction
bands, but also the widths of these energy bands to be
measured by analysis of the dispersion function of the
refractive index. Finally, an analysis of the absorption
coefficient has also been carried out in order to obtain
the optical band gap and to determine the nature of the
transitions involved.

2. Experimental

The As,,S40Se,, bulk glass was prepared according
to the conventional melt-quenched technique. The cle-
ments were weighed and placed in a precleaned and
outgassed quartz ampoule, which had been evacuated
to a pressure of about 1072 Pa and, then, sealed. The
synthesis was performed in a rocking furnace at ~715°C
for about 6 h. Then, the ampoule was quenched in water
at a temperature of ~15°C, equivalent to a cooling rate
of the order of 10 K s™!. Next, the thin-film samples
were prepared by vacuum evaporation of the powdered
melt-quenched glassy material onto clean glass sub-
strates (microscope slides). The thermal evaporation
process was performed within a coating system (Tesla
Corporation, model UP-858) at a pressure of about
10~4Pa. During the deposition process, the substrates
were conveniently rotated by means of a very efficient
planetary rotation system, thus making it possible to
obtain as-deposited chalcogenide films of outstanding
uniform  thickness. The deposition rate was
~6-8 nms !, measured by the dynamical weighting
procedure. This deposition rate results in a film chemical
composition that is very close to that of the bulk starting
material. The composition of the present chalcogenide
films was found to be As39.5+0.5539.9040.65€20.3+0.3 ON
the basis of the electron microprobe X-ray analysis
(Jeol, model JSM-820). The lack of crystallinity in the
films was verified by X-ray diffraction measurements
(Philips, model PW-1820).

The reflection spectra were obtained by a double-
beam, ratio-recording UV/Vis/NIR spectrophotometer,
with automatic computer data acquisition (Perkin-
Elmer, model Lambda-19), and the photon energy range
analyzed was between 0.56 and 3.10 eV (or, equivalently,

in the wavelength range of 2200-400 nm). The reflection
measurements were carried out against a very accurately
calibrated front-surface aluminium mirror coated with
magnesium fluoride, which was taken as a reference.
Since the absolute reflectance of the calibrated mirror is
known, the relative reflectance of the thin-film sample,
obtained using the spectrophotometer, can be converted
to absolute reflectance. However, the reflection measure-
ments were made in various parts of the glass films,
scanning the entire sample, and a very good repro-
duction of the reflection spectrum was generally
achieved. The spectrophotometer was set with a slit
width of 1 nm. A surface-profiling stylus (Sloan, model
Dektak 3030) was also used to measure the film thick-
ness independently, and this was compared with the
thickness calculated only from the optical reflection
spectrum. The thickness of the a-As,,S40Se,, films
studied ranged between around 0.8 and 1.4 um. All the
optical measurements reported in this paper were per-
formed at room temperature.

3. Preliminary theoretical considerations

The inset of Fig. 1 shows the optical system under
consideration, which is a homogeneous thin film with a
constant thickness, d, and a complex refractive index,
n,=n—1ik, where n is the refractive index, and k is the
extinction coefficient, which in turn can be expressed in
terms of the absorption coefficient o by the following
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Fig. 1. Experimental optical reflection spectrum, at normal incidence,
of the representative a-As,,S40Se,, thin film. The order number, m, is
a half-integer for the tangent points of the higher envelope, Ry, and
an integer for the tangent points of the lower envelope, R,,. R, is the
bare-substrate reflection. A sketch of the optical system under study
is also shown.
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equation: k=ol/4n (A, being the wavelength of the
incident light). The thickness of the substrate is several
orders of magnitude larger than d, and its refractive
index is designated by s. Interference effects in the thin
film give rise to reflectance curves similar to that dis-
played in Fig. 1, which corresponds to a representative
As40S405¢,, chalcogenide glass film. The interference
fringes are used to calculate accurately the optical con-
stants and the thickness of the As—S—Se uniform films.
At a certain wavelength, 4, of the studied spectral region,
the reflectance R(/4; s, n, d, k) of the optical system
mentioned earlier is a very complex function (Eq. (3)
from [13]). It is known that for weakly absorbing
dielectric films, when the conditions n>k and s>k are
met in the spectral region considered, this particular
equation is clearly dominated by the exponential terms
in the optical absorbance, x [=exp(—ad)], the contribu-
tion of k in the other terms of the expression becomes
negligibly small, and k& can be considered to be zero
[13,19]. This simplifies notably the expression for the
reflectance, which becomes a function of n and x only.
Expressions for the top and bottom envelopes of the
reflection spectrum, Ry and R,,, respectively, are given
by Eq. (5) from [13], for k=0 and dielectric films with
n>s>k. The top envelope, Ry, lies above the spectrum,
i.e. Ry=>R(1), whereas the bottom envelope, R, lies
below the spectrum, i.e. R, < R(4). It should be pointed
out that, in the present work, the refractive index of the
substrate, s, is calculated independently from the reflec-
tion spectrum of the bare substrate, Rg, by the following
relationship:

1+VRs(2— R)
§=—

R (1)

4. Results and discussion
4.1. Calculation and analysis of the refractive index

First of all, it is necessary to draw the envelopes Ry
and R, illustrated in Fig. 1. As already mentioned,
these envelopes are very carefully drawn using the
computer program created by McClain et al. This pro-
gram enables the two envelopes of a given set of
oscillatory data to be calculated accurately, based on
the determination of the corresponding tangent points
between the set of data and the envelopes. Due to the
specific behaviour of the reflection spectra in the spectral
region of medium absorption, it is not possible to use a
simple parabolic interpolation when drawing the two
envelopes of reflection spectra; nevertheless, such inter-
polation is acceptable for transmission spectra [15]. It
is found that the tangent points coincide with the
maxima and minima of the reflection spectrum in the
transparent region, but not in the medium- and strong-

absorption region. The presence of optical absorption
in the film leads to smaller wavelengths for the tangent
points, 4;, with respect to the corresponding extremum
points, e, (1.6. 4;</). The effect of absorption is
corrected by using the values of R and its corresponding
envelopes at the tangent points, instead of the extremum
points of the reflection spectrum [20].

Once the tangent points, 4;, between the two enve-
lopes and the reflection spectrum are known, and the
refractive index of the substrate, s, is calculated from
the reflection spectrum of the bare substrate, R, the
system of two transcendental equations corresponding
to Eq. (5) from [13], is solved numerically using the
Newton—Raphson method. A distinct advantage of using
the envelopes of the reflection spectrum, rather than
only the reflection spectrum, is that the envelopes are
slow-changing functions of 4, while the spectrum varies
very rapidly with A. Correspondingly, the above-men-
tioned system of two equations with two unknowns has
only one solution for n and x. Therefore, n and x are
determined for all the tangent points /; associated with
the upper and lower envelopes, drawn by computer
using McClain et al.’s algorithm, as solutions of the
systems:

Ryi(4) = Ry, x) =0, Rin(4) = R (3, ;) =0, (2)

where Ry(4;) and R, (/;) are the values of the two
envelopes at the tangent point 4;. For each tangent
point, the solution of its corresponding system provides
an initial approximation for the refractive index and
absorbance of the thin film studied, #{ and x{, respec-
tively, and these values are both listed in Table 1.

The algorithm for the derivation of the final spectral
dependencies n(4) and k(4), and the film thickness of a
thin layer, using exclusively the reflection spectrum, is
explained in detail in Ref. [13]. The calculations are
performed in the same sequence as in the method
proposed by Swanepoel [15], where the transmission
spectrum is used instead. In order to obtain the initial
approximation for the film thickness, it is necessary to
take into account the well-known equation for the
interference fringes, which, due to absorption, is verified
at the tangent points:

2nd=ml, (3)

where the order number, m, is an integer for a lower
tangent point and half-integer for an upper tangent
point. Moreover, if n; and n;,; are the refractive indices
for two adjacent tangent points with wavelengths A; and
Ai+1, respectively, the expression for the approximate
thickness associated at each tangent point is:

i1

- A(Aihi 41— Aip11y) .

(4)

The values of d determined by this equation are listed
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Table 1

Values of 4, iw, 5, Ry and R, at the tangent points, corresponding to the optical reflection spectrum of Fig. 1: calculation of the film thickness

and the refractive index, based on the present envelope method

/. (nm) ho (eV) s Ry R, n° x° d°® (nm) m° m d' (nm) nt

1821 0.68 1.491 0.380 0.077 2.523 0914 - 3.13 3.0 1083 2.479
1566 0.79 1.495 0.381 0.078 2.521 0.923 1115 3.63 3.5 1087 2.487
1375 0.90 1.497 0.383 0.078 2.529 0.923 1089 4.15 4.0 1087 2.495
1228 1.01 1.497 0.385 0.078 2.544 0.917 1076 4.68 4.5 1086 2.507
1110 1.12 1.499 0.388 0.078 2.548 0.925 1114 5.18 5.0 1089 2.518
1014 1.22 1.501 0.392 0.079 2.569 0.919 1054 5.72 5.5 1086 2.530
935 1.33 1.505 0.399 0.080 2.590 0.929 1056 6.25 6.0 1083 2.545
870 1.43 1.510 0.404 0.079 2.548 1.000 1567 6.61 6.5 1109 2.566
812 1.53 1.504 0.403 0.079 2.585 0.950 985 7.19 7.0 1100 2.579
764 1.62 1.505 0.403 0.079 2.584 0.950 1254 7.64 7.5 1109 2.600
722 1.72 1.505 0.405 0.079 2.598 0.945 1157 8.13 8.0 1112 2.621
686 1.81 1.505 0.409 0.080 2.619 0.935 1140 8.62 8.5 1113 2.646
654 1.90 1.506 0.412 0.081 2.642 0.925 1123 9.12 9.0 1114 2.671
626 1.98 1.506 0.414 0.082 2.681 0.890 1029 9.67 9.5 1109 2.698
602 2.06 1.506 0.407 0.086 2.707 0.839 1168 10.2 10.0 1112 2.731
581 2.13 1.507 0.395 0.096 2.764 0.737 962 10.7 10.5 1104 2.768
562 2.21 1.507 0.363 0.113 2.780 0.596 1314 11.2 11.0 1112 2.805
546 2.27 1.507 0.327 0.144 2.823 0.416 1123 11.7 11.5 1112 2.849
530 2.34 1.507 0.287 0.181 2.857 0.233 1136 12.2 12.0 1113 2.886
516 2.40 1.504 0.263 0.210 2.890 0.112 1190 12.6 12.5 1116 2.926
502 247 1.503 0.254 0.232 2.945 0.046 937 13.2 13.0 1108 2.961

d®°=1130+139 nm (12.3%); d* =1102+12 nm (1.1%)

as d° in Table 1. The average of the values of d deter-
mined by this equation, d°, is a first estimation of the
film thickness. The d° value corresponding to the repre-
sentative As,oS,405¢,0 thin-film sample is 1130+ 139 nm
(12.3%). This value is used, together with »n%s, to
calculate the ‘order number’, m°, using Eq. (3), for the
different tangent points. The accuracy of the film thick-
ness is then very significantly increased by taking the
corresponding exact integer or half-integer values of m,
associated with each tangent point (see Fig. 1), and
deriving a new thickness, d*, from Eq. (3), again using
the n° values. The values of m° m and d! are also
presented in Table 1. The new values for the layer
thickness do have a much smaller dispersion, and its
average value is taken as the final thickness of the film.
The average thickness, d*, for the representative speci-
men is 1102 + 12 nm (1.1%). In addition, the film thick-
ness determined by mechanical measurements on the
same film area was 1120 +22 nm, in excellent agreement
with the thickness obtained by the optical procedure,
the difference being less than 2%.

However, using the exact values of m and the d*
value, Eq. (3) is solved for n at each /4; and, thus, the
final values of the refractive index, n''s, are calculated
(these new values are also given in Table 1). These n''s
can be fitted to an appropriate function, such as the
Wemple-DiDomenico dispersion relationship [17]. This
model describes the dielectric response for transitions
below the optical gap, Eg, reducing the complex
valence- and conduction-band system to a two-level

system, with the simple one-oscillator formula:

Ey

nz(hw)—lz(né—l)m,

(5)

where A=h/2n (h is Planck’s constant), w is the fre-
quency, n(fiw) is the value of the refractive index at the
photon energy #w and n, is the static refractive index
(i.e. extrapolated to photon energy zero). The quantity
E,, is the average energy gap parameter, which is likened
in this particular model to the energy difference between
the two levels of a one-oscillator system (see Fig. 2).
Plotting (n?>—1)"! against (4w)? and fitting a straight
line enables the determination of n, and E,, directly
from the slope and the intercept on the vertical axis.
The straight line equation corresponding to the least-
squares fit is, (n*—1)"1=0.199—0.0096 (fw)> with a
correlation coefficient of 0.9994 (see Fig. 2). The values
found for the dispersion parameters corresponding to
Eq. (5), n, and Ey, are: n,=2.454+0.001 and
Ey=4.55+0.03eV. These values are consistent with
those reported in Ref. [21] for As,,S¢o and As,gSeqo
binary chalcogenide glass films, and in Ref.[22] for
As,oSe0-Se, ternary bulk glasses, as we have discussed
in a previous study [23]. The experimental variation of
the refractive index with the photon energy, n(fw), is
shown in Fig. 3, along with the optical dispersion curve
corresponding to Eq. (5). However, from both Figs. 2
and 3, it can be seen that the experimental variation in
the refractive index clearly departs from that given by
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Fig. 2. Plot of the refractive-index factor, (7> —1) !, versus the photon
energy squared, (hw)?, to fit the experimental values of the refractive
index to the two optical dispersion relationships mentioned in the text.
The dashed and solid lines correspond to the Wemple—DiDomenico
and Solomon models, respectively. Also, a simplified picture corre-
sponding to the band structure of a semiconductor, is shown. This is
characterized by three parameters: the optical gap, Eg™, the average
gap, Ey, and the bandwidth, 4.
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Fig. 3. Variation of the refractive index, n, with the photon energy for
the representative a-As,S,0S¢,, film. The variation of » is fairly well
verified by the one-oscillator formula (dashed line), except around the
optical gap, EgP* (vertical arrow), and beyond. In this region, the
Solomon dispersion relationship shows a better fit (solid line). The
thicker line corresponds to the plot of the extinction coefficient, k, as
a function of the photon energy.

Eq. (5), when the photon energy approaches the optical-
gap value. In this concrete case, the one-oscillator
approximation fails, and the width of the bands induces
some divergence, due to the denominator term in Eq.
(5); one would expect a variation in n faster than that
given by the one-oscillator formula, which is, indeed,

what is observed in Fig. 2. Nevertheless, for a photon
energy well below the optical gap, the Wemple—
DiDomenico optical dispersion relationship provides an
excellent experimental fit to the measured refractive
index.

A new optical dispersion model has recently been
proposed by Solomon [18], which, very importantly,
takes into account the effect of the width of the bands,
when the photon energy is not infinitely small compared
with the optical gap, by the following relationship:

1
1 —(hw)?/E2 — B((hw)* |ES)”

n?(ho)—1=ni —1) (6)

with

4 A*
2 _ g2 2 -
E:=FEy—4° and = v

Considering square-shaped bands, i.e. a constant
density of states from the bottom to the top of each
energy band, the value of 4 will then be a quantity
measuring the ‘effective width’ of the bands. It is obvious
that, when the width, 4, of the bands is considered to
be zero, Eq. (6) reduces to the one-oscillator formula.

However, it is important to note that this new model
assumes that the widths of the valence and conduction
bands are equal, which would be verified, for instance,
in the case of silicon-based amorphous semiconductors
[18,24]. However, in the case of chalcogenide glassy
semiconductors, the band structure is slightly more
complex, although for stoichiometric compositions of
the type As,C;, where C represents a chalcogen element,
assuming that there are only heteropolar chemical
bonds, the graph of the density of electronic states
shows some degree of symmetry. This degree of symme-
try is only slightly broken by a close distribution of the
states, corresponding to the lone-pair electrons associ-
ated with the p-orbitals of the chalcogen element [25].
Thus, for the ternary chalcogenide alloy studied in this
work, considering that its ‘stoichiometric composition’
is As,(S,/35¢€,,3);, and considering the presence of basi-
cally heteropolar bonds, it seems reasonable to apply
the novel Solomon optical dispersion model to the
experimental values of the refractive index that have
been previously determined. Of course, the values for
the parameters related to the structure of the bands that
are presently derived, although significant, will only be
reasonably approximate.

Fig. 2 also shows the fit of the experimental values
of the refractive index to the Solomon relationship. The
parabola equation corresponding to the least-squares fit
is, (n*—1)"1=0.198 —0.0082 (hw)*—0.00043 (fiw)*, with
a correlation coefficient of 0.9998. A better agreement
between the experimental values and this new dispersion
relationship is found, particularly when the photon
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energy approaches the value of the optical gap. The
values obtained for the parameters related to this
dispersion model have Dbeen: 7n,=2.459+0.001,
Ey=6.83+0.46¢eV and 4=4.75+0.46 eV. Comparing
these new values with those obtained previously, from
the Wemple-DiDomenico relationship, it should be
mentioned that, the value of n, remains almost the same,
whereas the value of E,; clearly increases (~50%). It
should also be pointed out that similar changes were
found by Solomon in ¢-Si:H thin films [18]. In addition,
from the schematic band structure displayed in the inset
of Fig. 2, it is concluded that the three parameters EgP,
E\ and 4 are not independent: Ey = EgP'+ 4. Therefore,
from the aforementioned values of E\,; and 4, the value
of the optical gap can be estimated: Eg”*=2.08eV.
Finally, Fig.3 also shows the new optical dispersion
curve, drawn from the Solomon dispersion parameters
calculated previously.

4.2. Derivation and analysis of the optical-absorption
edge

Extrapolating either of the two above optical disper-
sion models towards the absorption region, the absor-
bance, x, can be derived by numerically solving either
of the two expressions for the envelopes corresponding
to Eq. (5) from Ref. [13] (it is possible to solve both
equations independently for x, thereby obtaining two
different values). Furthermore, since x and d are already
known, the absorption and extinction coefficients can
be determined. The results obtained from the envelope
Ry are found to be superior, and this can be attributed
to the fact that R, is almost independent of #» and k in
the region of weak absorption where x~1. Moreover,
in the region of transparency, where x=1, R, =R,, and
it can be seen from Eq. (1) that R, is independent of n
and k. Therefore, the values of the absorption coefficient,
o, and the extinction coefficient, k, have been derived
using the upper envelope of the reflection spectrum of
Fig. 1. The dependence of the absorption coefficient on
photon energy is displayed in Fig. 4, using a semi-
logarithmic scale. Fig.3 also shows the extinction
coefficient as a function of the photon energy. It should
be noted that similar results have been found using
either of the two optical dispersion models under
consideration.

To obtain the thin-film optical gap and to determine
the nature of the optical transitions involved, the depen-
dence of the absorption coefficient on the photon energy
will now be analyzed. According to Tauc [26], it is
possible to separate three distinct regions in the optical-
absorption edge for amorphous semiconductors: the
weak-absorption tail, which originates from defects and
impurities, the exponential-edge region, which is strongly
related to the structural randomness of the glassy mate-
rial, and the high-absorption region, which determines
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Fig. 4. Optical-absorption edge for the a-AssS40Se,, layer, showing
the Tauc and Urbach regions. The inset shows the dependence of
(¢hiw)'? on the photon energy for the determination of the optical
band gap, E™, in terms of Tauc’s law.

the optical energy gap. In the exponential-edge region
(where lecm !'<~a<~~10*cm™'), the absorption
coefficient is governed by the so-called Urbach relation
[26,27]:

' <hw > .
a(hw) =0, exp £ ) (7)
where E, characterizes the slope of the exponential-edge
region. Plotting the dependence of log « vs. Aiw, as shown
in Fig. 4, should give a straight line. The obtained value
of E., the inverse of the slope, gives the width of the
tails of the localized states at the band gap. The E,
value found for the representative a-As,oS40S€,0 film is
10442 meV.

In the high-absorption region (x> =~10%cm™1),
involving inter-band optical transitions between valence
and conduction bands, the absorption coefficient of
amorphous semiconductors, is given, according to Tauc
[26], by the following quadratic relation:

_ fopt)2
a(hiw)=B M’ (8)

hw
where B is a constant that depends on the transition
probability, and Eg™ is the optical energy gap. The
values of Eg** and B can be readily derived from Eq.
(8), by plotting (oiw)'/? vs. hw. A very good fit between
the experimental points and the straight line correspond-
ing to the (ohw)'? vs. hiw plot, shown in the inset of
Fig. 4, indicates that non-direct transition is the mecha-
nism responsible for the optical absorption in the investi-
gated a-As,,S405¢,, films. The values of the Tauc
gap, Eg**, and Tauc slope, B'/?, found for the representa-
tive thin-film sample are, 2.07+0.01eV and
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571+5cm ™12 eV 12 respectively. Also, these results
are consistent with those reported in Ref.[21], which
have been analyzed in detail in our previous paper [23].
It should be pointed out that the value of Eg*, 2.07 eV,
obtained from the analysis of the optical-absorption
edge, agrees well with that previously determined from
the analysis of the dispersion of the refractive index, in
terms of the Solomon model: 2.08 eV. This fact suggests
that, it is certainly reasonable to apply this useful
dispersion model to describe the dielectric response of
the present amorphous As,,S,0Se,, films below the
Tauc gap.

5. Concluding remarks

Optical characterization of chalcogenide amorphous
semiconductor thin films, with uniform thickness, and
chemical composition, As,,S,0S¢,0, has been carried out
using a method based only on the envelopes of the
optical reflection spectra, measured at normal incidence.
At the same time, this procedure allows accurate deter-
mination of the thickness of the films, which has been
cross-checked by mechanical measurements, using a
surface-profiling stylus. Moreover, the dispersion of the
refractive index has been studied, in the subgap region,
in terms of a novel model proposed recently by Solomon,
which clearly improves the single-oscillator Wemple—
DiDomenico framework, mainly when the photon
energy approaches the optical-gap value (although the
single-oscillator formula provides a fairly good experi-
mental fit for photon energies well below EgP' ). The
results obtained using the Solomon relationship suggest
that it is reasonable to make use of this refractive index
dispersion model in order to describe the dielectric
response of amorphous As,,S,,Se,, layers below the
optical gap. Finally, the optical-absorption edge is
appropriately fitted to the non-direct transition model
proposed by Tauc, in the strong-absorption region, and
to the Urbach relation, in the medium-absorption
region.
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