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Abstract: We report the study of hydrogenated amorphous silicon-
germanium (a-Si1-XGeX:H) films prepared by low-frequency plasma-
enhanced chemical vapor deposition (LF-PECVD) varying the composition 

(0 ≤ X ≤ 1). Silicon and germanium content is determined by energy 
dispersion spectroscopy (EDS). Refractive index, absorption coefficient and 
optical gap are estimated by transmittance measurements as well as by the 
use of PUMA software. Absorption coefficients obtained by using this 
software and by the Beer-Lambert law show good agreement according to 
absorption region. Results indicate that refractive index exhibits a linear 
behavior on germanium content for atomic percent (at.%). Employing these 
films and by the use of the finite-element software COMSOL, a single-
mode low-contrast rib optical waveguide operating at the wavelength of 
1550 nm is simulated, and later fabricated by using photolithography and 
plasma etching techniques. Measured optical losses are 7.6 dB/cm. 
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1. Introduction 

In recent years the microelectronics industry has been making efforts to overcome bottlenecks 
that silicon-based electronics has found. Some candidate approaches to overcome the 
bottlenecks, in addition to electron transport, include photon and plasmon transport, which 
individually or together could improve the technology that has been achieved to date [1–3]. In 
this regard, plasmo-opto-electronic integrated circuits (POEICs) proposed by Soref et al. [4] 
integrate all of them in a single chip. Optical waveguides are micro or nanometer structures 
that allow transmitting photons in the parallel direction of their axis in the visible and IR 
spectrum. These structures have different applications, e.g., sensing, photonic integrated 
circuits (PICs), optoelectronics [5–7], and one of the most important is in the field of 
telecommunications through optical fibers [8]. In this sense, silicon remains as a common 
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element for their production, in the form of silica for optical fibers, and usually in crystalline 
(c-Si) structure for integrated optical waveguides along with SOI technology [9–11]. 
However, an attractive option for silicon-based integrated optical waveguides is the use of 
hydrogenated amorphous silicon (a-Si:H) [12,13] and its alloys with carbon or germanium, 
which exhibit low-absorption coefficient and low propagation losses in the second and third 
optical communications windows [14–16]. These materials can be obtained by plasma-
enhanced chemical vapor deposition (PECVD) at low-temperatures (200-400 °C) enabling 
CMOS compatibility. Additionally to guided-wave functions, materials where light can be 
generated, processed and detected are required [2,17,18]. In this regard, PECVD 
semiconductors are promising candidates to perform the basic building blocks, i.e., 
generation, guiding, modulation and detection [19–21] of photons in the IR spectrum, on a 
monolithic c-Si wafer using the well-developed silicon technology. 

Properties of materials deposited by PECVD depend strongly on the preparation 
parameters, such as: temperature, pressure, power of the source, frequency mode, feed and 
dilution gases, etc [21–24], having enough degrees of freedom to tailor their properties. From 
the design point of view, the control and tuning of their optical properties is a very attractive 
topic for optoelectronic device applications. For example, refractive index is one of them (it is 
3.4 for c-Si and a-Si:H). In this sense, the incorporation of germanium aids to increase the 
refractive index of the hydrogenated amorphous silicon-germanium (a-Si1-XGeX:H) alloy [25], 
which could act as the core of optical waveguides. This would potentially reduce the size of 
single-mode two-dimensional (2D) optical waveguides based on total internal reflection (TIR) 
confinement, by the refractive index increase [17]. 

In this manuscript, we investigate the optical properties of a-Si1-XGeX:H films as a function 
of composition of germanium content in solid phase for silicon-based PICs applications. 
These properties will allow us to design an optical waveguide operating at 1550 nm, based on 
the TIR confining mechanism. Simulations have been carried to determine modal solutions 
using the finite-element method (FEM) commercial software COMSOL. In order to 
manufacture the proposed rib structure, deposition and etch rate parameters were 
characterized as a function of composition. Finally, by means of standard photolithography 
and plasma etching, single-mode structures were fabricated using a film that exhibits a value 
of 3.63 of refractive index. This film fills the requirements to obtain low-index contrast rib 
optical waveguides, a-Si0.70Ge0.30:H upon c-Si (∆n = 0.16). Propagation losses for this optical 
waveguide were determined by cut-back technique obtaining a value of 7.6 dB/cm. 

2. Compositional properties of alloys 

In 1921 Vegard [26] proposed Eq. (1) for calculations of crystal lattice, α, in alloys as a 
function of the concentration of the constituent elements, where A and B are composite 
elements in an AXB1–X alloy, and X is the atomic fraction of element A. 

 ( ) (1 )AB A Ba X Xa X a= + −   (1) 

Later, in 1981 Shimakawa [27] reported a study of the compositional dependence of the 
optical gap, Eg, of amorphous semiconducting alloys. Equation (2) describes the linear 
dependence between optical gap and composition for volume fraction, Y, of element A. 

 BAAB EYYEYE )1()( −+=   (2) 

We have found that the refractive index in a-Si1-XGeX:H alloys follows Vegard’s law, i.e., a 
linear dependence between refractive index, n, and germanium content in solid phase, X (the 
atomic fraction), for a particular wavelength. This relation is described by Eq. (3): 

 ( ) (1 )SiGe Ge Sin X Xn X n= + −   (3) 
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3. Experiment 

a-Si1-XGeX:H films were prepared by low-frequency plasma-enhanced chemical vapor 
deposition (LF-PECVD) in a planar reactor Reinberg model AMP3300. Glow discharge was 
maintained for 60 minutes at a frequency of 110 kHz, with a substrate temperature of 300 °C, 
pressure of 0.6 Torr and power of 600 W. Corning 2947 glass and n-type ρ = 1-5 Ω-cm <100> 
c-Si wafers were used as substrates. Silane (SiH4) undiluted, and germane (GeH4) diluted at 
10% in hydrogen (H2) were the feed gases, and H2 the dilution gas. Germanium content in the 
gas phase is defined as XGe = QGeH4 / (QGeH4 + QSiH4), where QGeH4 and QSiH4 are the gas flows 
of germane and silane, respectively [22,23]. Four processes were realized varying the flow of 

GeH4, 0 ≤ XGe ≤ 1. Table 1 summarizes the gas flows in standard cubic centimeters per minute 
(sccm) of SiH4, GeH4 and H2, showing also XGe and the thickness of the films, t, measured by 
means of a Veeco Dektak 150 stylus profilometer. 

Table 1. Gas Flows for Deposition and Thickness of the a-Si1-XGeX:H Films 

Sample XGe 
QSiH4 

(sccm) 
QGeH4 

(sccm) 
QH2 

(sccm) 
Thickness 

t (nm) 
847 1.00 0 500 1000 1048 
 
848 

 
0.83 

 
100 

 
500 

 
1000 

 
981 

849 
 
0.60 

 
100 

 
150 

 
1000 

 
871 

 
850 

 
0 

 
100 

 
0 

 
1000 

 
680 

Composition of the films was determined by energy dispersion spectroscopy (EDS) in the 
range 0-5 keV with a scanning electron microscope (SEM) model JEOL-JSM6610LV 
equipped with an EDS module. Our analysis ensures that the EDS signal comes only from the 
deposited films, because the energy is not enough to penetrate into the substrate. Optical 
properties were estimated by transmittance measurements by the use of a Perkin-Elmer 
lambda-3B spectrophotometer in the UV-Vis region (200-900 nm). Previous measurements 
were complemented in the near infra-red (NIR) region (900-4000 nm), by Fourier transform 
infra-red (FTIR) transmittance spectroscopy using a BRUKER spectrometer model Vector-22. 

4. Results and discussion 

4.1 Composition 

Table 2 shows the composition of germanium and silicon in solid phase of the a-Si1-XGeX:H 
films deposited on c-Si wafers, measured by EDS, which are listed by weight percent (w.%) 
and atomic percent (at.%). 

Table 2. Germanium and Silicon Content of the a-Si1-XGeX:H Films from EDS 
Measurements 

  X (Ge)  X (Si) 

Sample XGe w.% at.%  w.% at.% 
847 

 
1.00 98.60 96.47  1.40 3.53 

848 

 
0.83 87.68 73.36  12.32 26.64 

849 
 

0.60 52.53 29.98  47.47 70.02 

850 0 0 0  100 100 

A small concentration of silicon was measured for sample 847, which could be attributed 
to remaining silicon left in the chamber from previous depositions. Figure 1 shows the results 
of EDS measurements, where the peaks localized at 1.18 keV and 1.74 keV correspond to 
germanium and silicon, respectively. The EDS module displayed data for atomic and weight 
percent. However, depending on characterization technique only one of them could be 
obtained. Conversion between weight and atomic percentage or vice versa can be made using 
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the atomic weight (Ar) of element E, Ar(E). Atomic weights for silicon and germanium are 
28.0855 and 72.64 g/mol, respectively [28]. In order to convert germanium content in solid 
phase from weight fraction, Xw, to atomic fraction, Xat, we used Eq. (4): 

 
)()1()(

)(

GeAXSiAX

SiAX
X

rwrw

rw
at

−+
=   (4) 

If the content of the elements is given in percentages, 100 must be used instead of 1. In order 
to convert from Xat to Xw, we used Eq. (5): 

 
( )

( ) (1 ) ( )

at r
w

at r at r

X A Ge
X

X A Ge X A Si
=

+ −
  (5) 

Shimakawa [27] proposed the use of atomic or molecular weights and densities for conversion 
purposes. Nevertheless, Eq. (4) and Eq. (5) fit better to the experimental data, as shown in 
Table 2. 

 

Fig. 1. EDS measurements of the samples 847-850, (a-d) respectively. Horizontal axis is in the 
range 0-5 keV; full-scale of vertical axis is 20856 cts. 

4.2 Film growth 

Deposition rate of the films increases as the germanium content in gas phase varies from 0 to 
1. Figure 2(a) shows the nearly linear dependence of deposition rate on germanium content in 
solid phase for the weight fraction of the a-Si1-XGeX:H films deposited on Corning 2947 glass 
substrates. Deposition rate was fitted using a linear Shimakawa-like function. In the plot also 
is shown the coefficient of determination (COD), R

2
, obtained from the fit. Figure 2(b) shows 

the dependence of germanium content in solid phase on germanium content in gas phase. 
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Fig. 2. (a) Deposition rate, Vd, as a function of germanium content in solid phase, Xw. (b) 
Germanium content on solid phase, X, as a function of germanium content on gas phase, XGe, of 
the a-Si1-XGeX:H films. 

4.3 Optical properties 

Figure 3 shows conventional transmittance in the UV-Vis region (200-900 nm) and FTIR 
transmittance in the NIR region (900-4000 nm) of the a-Si1-XGeX:H films deposited on 
Corning 2947 glass substrates. Interference fringes are correlated to optical properties, i.e., 
number of fringes is directly proportional to the thickness of the film, refractive index is 
proportional to the separation between the maxima and minima points of interference fringes 
[29], and finally, absorption coefficient is related to the enveloping shaped by the points at 
maximum of the interference fringes [25,29]. In conventional transmittance, the substrate 
Corning glass limits the maximum transmission to 91% in the transparent range (500-2500 
nm). This is caused mainly by reflections at the air-glass and glass-air interfaces or some 
absorption due to the substrate. An advantage of FTIR transmittance is that it neglects 
substrate losses, so that it covers the entire range of transmission (0-100%). The optical gap of 
a-Si1-XGeX:H films varies from 1.1 to 1.8 eV [23,25]. Therefore, the refractive index, 
absorption coefficient and the optical gap were estimated independently in the UV-Vis and 
NIR region (500-2500 nm) using transmittance measurements under two approaches: Beer-
Lambert law [30] and pointwise unconstrained minimization approach (PUMA) software [31]. 

 

Fig. 3. (a) Conventional transmittance in the UV-Vis region, (b) FTIR transmittance in the NIR 
region of the a-Si1-XGeX:H films. 
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The Beer-Lambert law associates transmittance with absorbance and absorption 
coefficient through natural and common log functions, which are used for gases and liquids, 
respectively [30]. For solids the natural log is commonly employed over the entire spectral 
region [10]. Under this approach, measurements that neglect substrate effects are required, 
i.e., transmittance normalized to unity. Thus, the Beer-Lambert law can be applied properly to 
FTIR transmittance measurements in the NIR region, shown in Fig. 3(b), but not to 
conventional transmittance. 

The Swanepoel method is highly reliable to estimate optical constants of thin films of 
amorphous semiconductor materials [29,32]. This method is implemented by PUMA 
software, which requires reflectance or transmittance measurements as an input file to 
estimate thickness and optical constants of refractive index and extinction coefficient of thin 
films [31]. PUMA software works with commercial substrates, i.e., transmittance must be 
referenced to some substrate. Hence, conventional transmittance measurements in the UV-Vis 
region, shown in Fig. 3(a), are appropriate to be used in PUMA software, but not for FTIR 
transmittance. Therefore, depending on the case, it is required to perform a normalization 
procedure: substrate normalization or unity normalization. 

FTIR transmittance was normalized to the substrate using the dispersion relation of 

Corning 7059 glass: s = (1 + (0.7568 – 7930 λ
−2

)
−1

)
1/2

, where s is the refractive index of the 
Corning glass substrate, and λ is the wavelength of electromagnetic radiation given in nm 
[31]. On the other hand, the expression Ts = 2s / (s2

 + 1) [29] relates the transmittance of the 
substrate, Ts, with its refractive index. Finally, FTIR transmittance is weighted by means of 
TNS = TFTIR Ts, where TFTIR is FTIR transmittance and TNS is the transmittance normalized to 
the substrate Corning 7059 glass. The transmittance of substrate Corning 7059 glass is also 
useful to perform normalization to unity of conventional transmittance, using TNU = TC / Ts, 
where TNU is transmittance normalized to unity, and TC is conventional transmittance. 

Figure 4 shows the absorption coefficient in the UV-Vis region, where it can be observed 
that in the strong absorption region there is good agreement between the absorption 
coefficient obtained from the extinction coefficient, k, estimated with PUMA software using α 
= 4πk / λ, and the absorption coefficient obtained from the Beer-Lambert law. This last 
coefficient was determined by applying the common log (Fig. 4(a)) and natural log (Fig. 4(b)) 
functions to conventional transmittance normalized to unity, TNU, as well as the film thickness, 
t, as a multiplicative inverse factor. Nevertheless, the dependence for both approaches is not 
clear in the low-absorption region. 

 

Fig. 4. Absorption coefficient from transmittance in the UV-Vis region, using the results of 
PUMA software and the Beer-Lambert law for (a) common and (b) natural log functions. 

FTIR transmittance measurements allow observing more details in the low-absorption 
region. In Fig. 5 is observed that the film whose content is only germanium has a higher 
absorption coefficient than the films of silicon alloyed with germanium [22,23]. 
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Fig. 5. Absorption coefficient from FTIR transmittance in the NIR region, using the results of 
PUMA and the Beer-Lambert law for (a) common log and (b) natural log functions. 

The absorption coefficient obtained by PUMA software with the estimated extinction 
coefficient and previous normalization to substrate of FTIR transmittance, fits better with the 
common log than with the natural log function. In Fig. 5 it can be observed also that PUMA 
results act as an envelope for interference fringes obtained from the Beer-Lambert law applied 
to FTIR transmittance measurements. These results are important for theoretical determination 
of propagation losses in an optical waveguide. It is well known that there are several sources 
of losses [5,10]. However, considering only losses caused by absorption of the material, Eq. 
(6) relates propagation losses of a passive optical waveguide with its absorption coefficient. 

 
1

10log(10 ) 10
L

L
α

α
−

Γ = = −  (6) 

Where Г represents propagation losses in dB/cm, α is the absorption coefficient in cm
−1

, and L 
is the length of the medium through which light is transmitted. However, the constant 10 in 
Eq. (6) differs with the previously reported of 4.343 based on exponential attenuation, e -αL

, 

typically employed for SOI technology [10,33]. Nevertheless, Cocorullo et al. [14], reported 
experimental and theoretical propagation losses (Г) of 0.7 dB/cm and 0.98 dB/cm, 

respectively, for an a-Si:H optical waveguide of α = 0.08 cm
−1

. Substituting these last values 
(Г and α) in Eq. (6), ratios of –0.7/0.08 = –8.75 and –0.98/0.08 = –12.25, are obtained. These 
values are more approximated to –10, as shown in Eq. (6), rather than –4.343. Difference 
between natural log and common log is a constant of 2.303 (i.e., ln 10 or 10/4.343) [30]. 

The spectral dependence of the absorption coefficient was used to characterize the optical 
gap of the a-Si1-XGeX:H films by Tauc’s method, using (α(hν)hν)1/2

 = B1/2
(hν – Eg). The B 

parameter is defined as ))2(/())(( 23
0

2/32 ∗∗∗
= ehe mncmmLeB ℏε , where *

em  and *
hm  are the 

effective masses of electrons and holes, respectively, n is the refractive index, c is the speed of 
light, ε0 is the permittivity of free space, e  is the electron charge, L is the interatomic 

separation, and ℏ  is the reduced Planck constant [34]. Assuming that the optical gap is 
known, germanium content in the solid phase can be estimated for the volume or weight 
fraction using the Shimakawa relation. The results are listed in Table 3, and shown 
graphically in Fig. 6. 

Table 3 shows the B parameter that was obtained from the fit by using the Tauc relation. 
This parameter is inversely proportional to germanium content and refractive index as can be 
observed in the previous expression for the B parameter. On the same table, it is observed also 
that germanium content in solid phase (obtained from Shimakawa relation using Eg

04
), is very 

approximate to germanium content in solid phase for the weight percent, shown previously in 
Table 2. A COD up to 0.99 was obtained for all fits. 
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Table 3. Optical Gap, Germanium Content and B Parameter of the a-Si1-XGeX:H Films 

  PUMA  Beer-Lambert law  
α = 104 cm−1 

(PUMA) 

Sample XGe 
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Tauc 
(eV) 

Xw 
B × 105 

(cm−1eV−1) 
 

Eg
Tauc 

(eV) 
Xw B × 105 

(cm−1eV−1) 
 

Eg
04 

(eV) 
Xw 

847 

 
1.00 0.87 1.00 2.03  0.87 1.00 -  1.09 1.00 
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0.83 1.05 0.80 3.28  1.03 0.80 -  1.22 0.85 

849 
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Fig. 6. Estimation of germanium content in solid phase from optical gap by the use of 
Shimakawa relation. 

Figure 7 shows refractive index estimated by means of the PUMA software, including the 
values of refractive index at the three optical communication windows: 830, 1310 and 1550 
nm of wavelength. 

 

Fig. 7. Refractive index estimated by means of the PUMA software from (a) UV-Vis 
conventional transmittance, and (b) FTIR transmittance. Vertical dashed lines are located at 
830, 1310 and 1550 nm of wavelength. 

Plotting refractive index, shown in Fig. 7(b), as a function of germanium content in solid 
phase for Xw and Xat, listed in Table 2, we obtained the plot shown in Fig. 8, which displays a 
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linear dependence between refractive index and germanium content in solid phase for the 
atomic fraction. These data were fitted using Eq. (3). 
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Fig. 8. Refractive index as a function of germanium content in solid phase of the a-Si1-XGeX:H 
films. 

Refractive index for sample 847, obtained from the fit, is slightly higher than that 
estimated by PUMA software, because this film contains a small amount of silicon (see Table 
2). The theoretical refractive index for an a-Ge:H film would be 4.5 at 1310 nm, and 4.38 at 
1550 nm, as can be seen in Fig. 8. 

Among several models and definitions for optical gap, Eg at 10
3
 and 10

4
 cm

−1
; difference 

of mobility edges of conduction and valence bands, Eg = Ec – Ev; Tauc’s method, Eg
Tauc

, etc 
[34,35], Eq. (3) represents a highly reliable alternative for characterization and design 
purposes, providing information about refractive index and compositional properties of 
amorphous semiconducting alloys. 

5. PIC: optical waveguides 

5.1 Design 

Optical waveguides can be designed using the theory for 1D and 2D optical waveguides: 

normalized dispersion relations [36] and Soref’s formula: a/b ≤ c + r/(1 – r2
)

1/2
, where c = 0.3, 

r is the thickness ratio, a and b are the width and height of the optical waveguide, respectively 
[37]. Correction for c = –0.05 was made by Pogossian et al. [38]. Often, the solutions of the 
propagating modes of an optical waveguide are required. These were solved numerically by 
the FEM software package COMSOL Multiphysics along with the RF module, which is 
appropriate for mode analysis in the optical region. Figure 9 shows the results of simulations 
of the single-mode low-contrast rib optical waveguide. 
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Fig. 9. Simulations of the single-mode low-contrast rib optical waveguide for (a) quasi-TE and 
(b) quasi-TM mode. 

Figure 9(a) shows the effective refractive index for quasi-TE mode (3.5671), whereas Fig. 
9(b) shows the effective refractive index for quasi-TM mode (3.5579). Characteristics used 
for simulation of the rib structure were as follows: refractive index of 3.63 for core (a-
Si0.70Ge0.30:H film), 1 for upper cladding (air), and 3.47 for lower cladding (c-Si). Width of the 
core (a) was 1.5 µm, height of the core (b) was 0.87 µm, with a thickness ratio (r) of 0.94. 
According to Soref’s formula, these parameters satisfied the single-mode condition for a low-
contrast rib optical waveguide. 

5.2 Fabrication and characterization 

Rib optical waveguides were fabricated via standard photolithography and plasma etching. 
Positive photoresist ma-P 1225 was used for photolithography, removing it with acetone after 
masking. Control of rib height is a critical step; for this reason etch rate was characterized 
using several samples, whose germanium content in the solid phase varies, using a reactive 
ion etching (RIE) system in capacitive mode at RF (13.56 MHz) and room temperature. 
SF6/O2 and CF4/O2 were the gas mixtures for plasma etching, with a flow ratio of 50/10 sccm 
and pressure of 40 mTorr. A power of 50 W was used for SF6/O2, maintaining glow discharge 
during 80 seconds with a measured self-bias voltage of 71 V. For the CF4/O2 mixture a power 
of 150 W was used, maintaining glow discharge during 50 seconds with a measured self-bias 
voltage of 332 V. 

Figure 10(a) shows the results of vertical etch rate, VV, using the conditions previously 
described, and the profile of some structures obtained with the SF6/O2 mixture (Fig. 10(b)), 
and CF4/O2 mixture (Fig. 10(c)). These structures were of good enough uniformity and high 
degree of anisotropy, observing good definition of waveguide patterns and a good adherence 
between film and photoresist. Etch rate for the SF6/O2 gas mixture, exhibited a linear 
dependence on germanium content in solid phase for the weight fraction. On the other hand, 
CF4/O2 gases mixture revealed a nonlinear behavior. 
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Fig. 10. (a) Etch rate as a function of germanium content in solid phase, Xw, for SF6/O2 and 
CF4/O2 gases mixtures. (b) Structure of 3 µm of width from SF6/O2. (c) Structure of 1.5 µm of 
width from CF4/O2. 

The designed optical waveguide was fabricated using sample 849 (a-Si0.70Ge0.30:H film) 
deposited on a C-Si wafer, and employing the conditions for the SF6/O2 gas mixture. 
Propagation losses for the resulting optical waveguide, were measured by means of the cut-
back technique using a linear polarized coherent laser beam operating at a wavelength of 1550 
nm. Figure 11(a) shows propagation losses that were determined from the slope of the linear 
fit. Figure 11(b) corresponds to optical waveguides of 1.5 µm of width (optical image), 
whereas Fig. 11(c) corresponds to an optical waveguide of 15 µm of width (SEM image). 

 

Fig. 11. (a) Propagation losses obtained from the low-contrast single-mode rib optical 
waveguide by cut-back technique. (b) Optical waveguides of 1.5 µm of width. (c) Optical 
waveguide of 15 µm of width. 

Comparing the propagation losses obtained from the cut-back technique with the 
absorption spectra, shown in Fig. 5(a), a significant difference was observed because the 
absorption coefficient measured by transmittance is not suitable for the low-absorption region. 
Additional techniques for subgap absorption are required, such as: photothermal deflection 
spectroscopy (PDS) [35] or constant photocurrent method (CPM) [16]. 
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6. Conclusions 

We have obtained optical and compositional properties of hydrogenated amorphous silicon-
germanium alloys. We have found linear dependences for refractive index, deposition and 
etch rate parameters. In particular, the refractive index showed a linear dependence on 
germanium content in solid phase for the atomic fraction. Optical gap, deposition rate and 
etch rate with the SF6/O2 gas mixture, were nearly linear as a function of germanium content 
in solid phase for the weight fraction. Expressions have been proposed for this binary alloy to 
convert from atomic to weight fraction and vice versa. Properties of alloys typically exhibit 
linear behavior as a function of the constituent elements, however, the key point is the 
determination of whether atomic or weight fraction corresponds to a given property. We have 
also observed a dependence on absorption region: the Beer-Lambert law with the common log 
function shows good agreement with the data estimated by PUMA software in the low-
absorption region, and as was expected, the Beer-Lambert law with natural log function shows 
good agreement with the data estimated by PUMA software in the strong absorption region. 
This fact yields a relation between propagation losses and absorption coefficient for 
amorphous semiconducting alloys. The proposed low-contrast single-mode rib optical 
waveguide could be suitable for low confining applications. However, some issues concerning 
optimization of the material for integrated photonics applications have to be addressed. As a 
future work, the deposition and etching of the films must be realized in a careful way in order 
to reduce the surface roughness and by consequence reduce radiation losses. 
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