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In this work we apply low-loss electron energy loss spectroscopy (EELS) to probe structural and electronic properties of single

silicon nanocrystals (NCs) embedded in three different dielectric matrices (SiO2, SiC and Si3N4). A monochromated and aber-

ration corrected transmission electron microscope has been operated at 80 kV to avoid sample damage and to reduce the impact

of radiative losses. We present a novel approach to disentangle the electronic features corresponding to pure Si-NCs from the

surrounding dielectric material contribution trough an appropriated computational treatment of hyperspectral datasets. First, the

different material phases have been identified by measuring the plasmon energy. Due to the overlapping of Si-NCs and dielectric

matrix information, the variable shape and position of mixed plasmonic features increases the difficulty for non-linear fitting

methods to identify and separate the components in the EELS signal. We have managed to solve this problem for silicon oxide

and nitride systems by applying multivariate analysis methods that can factorize the hyperspectral datacubes in selected regions.

By doing so, the EELS spectra are re-expressed as a function of abundance of Si-NC-like and dielectric-like factors. EELS con-

tributions from the embedded nanoparticles as well as their dielectric surroundings are thus studied in a new light, and compared

with the dielectric material and crystalline silicon from the substrate. Electronic properties such as bandgaps and plasmon shifts

can be obtained by straightforward examination. Finally, we have calculated the complex dielectric functions, and the related

electron effective mass and density of valence electrons.

1 Introduction

Because of the high availability and low cost of the techno-

logical processes involved, silicon-based devices represent the

dominant technology for photovoltaic applications both at re-

search and production stages. Theoretically, the efficiency of

a bulk silicon solar cell is limited by the fixed band gap en-

ergy of this material1. In order to overcome this limitation,

alternative structures such as tandem solar cells have been pro-

posed2,3. In this tandem configuration, the bulk silicon is com-

plemented with one or more solar cells presenting different

band gap energies.

A suitable approach is a superlattice (SL) layer that is com-

posed of ordered silicon nanocrystals (Si-NCs) embedded in a

dielectric medium4. The functionality in this type of nanos-

tructure is related to the Si-NC band gap energy, higher than

the one of bulk silicon. The size and spatial distribution of the
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Si-NCs and the surrounding dielectric media greatly influence

the performance of the final photovoltaic device. Moreover,

we know that some of the most important properties of the

system are sensitive to subtle changes in the electronic prop-

erties of the single Si-NC, such as quantum confinement (QC)

of charge carriers, as first discovered in porous Si5. Due to

the QC effect, this value is inversely proportional to particle

size. It is because of this property that control of NC size and

environment is crucial for the final application of these nanos-

tructures. In practice, this represents a complex problem given

that the diameter of the particles should be typically below ∼

5 nm for the QC effect to be significant.

Beyond these morphological concerns, the experimen-

tal techniques that are commonly used for the assessment

of performance in these systems – photo- and electro-

luminescence, charge transport measurements, Raman scat-

tering spectroscopy, to name a few – do not allow us to get

a direct functional characterization of the individual compo-

nents. However, different techniques available in transmission

electron microscopy (TEM) allow accessing these properties

at high spatial resolution. In particular, high resolution (HR-)

and energy filtered (EF-) TEM are the most commonly em-

ployed techniques. As a combination of structural and chemi-

cal characterization, EFTEM has been intensively used in the
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Electro-transparent samples for STEM observation in cross-

section geometry were prepared by conventional mechanical

polishing and low angle Ar+ ion milling. In all cases, previ-

ous observations were performed in a JEOL J2010 F (S)TEM

with a Schottky field emission gun operated at 200 keV. These

measurements evaluated the quality of the fabricated multilay-

ers, routinely measuring abruptness and homogeneity of the

layers6,8,15. EFTEM experiments confirmed the formation of

Si-NCs within alternative layers in the stack, and could give

an average crystal size. As expected, crystal sizes were found

to be related to the silicon-rich layer thickness, in our cases

around or below 5 nm. From these first observations, it was

clear that conventional electron microscopy would not suffice

for the characterization of the Si-NCs and their environment.

Furthermore, some preliminary experiments indicated that

higher voltages in STEM mode (i.e. 300 keV) and/or larger

acquisition times could damage the Si-NCs and their environ-

ment, modifying or even destroying the studied structures in

the process. Given the beam sensitivity of the Si-NCs, low

accelerating voltages were used in the experiment. Moreover,

as the experiment is usually designed to minimize radiation

dosage by maximizing acquisition speed and reducing beam

current density, the acquired spectral data may be affected by

low signal to noise ratio (SNR). Nevertheless, since the plas-

mon signal is the strongest one in the EELS spectrum but for

the zero loss peak (ZLP), the acquisition of low-loss EELS at

low accelerating voltages and short acquisition times is feasi-

ble, in terms of SNR, when probing beam-sensitive materials.

A probe-corrected FEI Titan 60-300 (S)TEM operated at 80

kV and equipped with a high-brightness field emission gun

(X-FEG), a Wien filter monochromator and a Gatan Tridiem

866 ERS spectrometer was used to obtain the EELS data at

high spatial resolution.

Three sets of low-loss EELS-SI and simultaneously ac-

quired high-angle annular dark field (HAADF) images were

obtained, from SiO2, SiC and Si3N4 samples, respectively. A

collection angle of ∼ 2.5 mrad, a convergence angle of ∼ 26

mrad, and an acquisition time of 0.03 s per spectrum were

employed in the acquisition of the EELS data. Pixel sizes be-

tween 0.2-0.6 nm were selected for the EELS-SIs. The mi-

croscope conditions were thus adjusted to acquire HAADF-

EELS datasets containing a few Si-NCs and a portion of the

barrier layer. Exceptionally, for the silicon carbide sample,

bigger datasets were acquired containing more than one pe-

riod to portrait wider scale structural phenomena. Large areas

of the specimens in relation to pixel size were covered in this

way with no apparent beam damage. According to the full

width at half maximum (FWHM) measured from the ZLP of

the EELS-SI, energy resolution was kept below 0.2 eV in all

experiments.

3 Analytical methodology

The large amount of raw data obtained for each system moti-

vated the development of a simple, yet fast and powerful, com-

putational treatment based on the prior identification of phase

compositions through model based fitting and segmentation of

the datasets by mathematical morphology techniques. In this

way we analyzed a collection of EELS-SI with hundreds of

pixels and 2048 spectral channels each.

A general treatment was applied to all datasets to retrieve

information from the spatially localized spectra. The first

part of the applied treatment is based on experience gathered

through our recent works on low-loss EELS of semiconduct-

ing devices16,17, in which the characterization of the plasmon

peak revealed structural and compositional information from

the examined materials. Following a standard low-loss anal-

ysis scheme, all spectra had their energy axis calibrated us-

ing the ZLP and a measure of their relative thickness, t/λ ,

was obtained, from which the absolute thickness of the mate-

rial can be estimated. This is important because plural scat-

tering contribution to the spectra from thicker specimens can

pose a problem to further analyses of the data. Additionally,

a Fourier-log algorithm was used to produce single scattering

distribution (SSD) spectra that can be compared to the original

spectra to assess the impact of plural scattering.

3.1 Identification and segmentation of data regions

The plasmon peak in bulk c-Si has an energy of ∼ 16.7 eV,

while the dielectric materials studied in this work have higher

energy plasmons, ∼ 22.5 eV for SiO2, ∼ 23.7 eV for Si3N4

and ∼ 21.5 eV for SiC. This difference is large enough to dis-

tinguish each material by their characteristic plasmonic sig-

nature in the EELS spectra. An example of this, illustrated

with EELS spectra from the SiO2 sample, can be examined in

Fig. 2(a) and (b). These spectra contain all the features that

we examine in this work: the ZLP around 0 energy loss, the

onset of valence transitions at low energies, and the plasmon

peaks as the most intense feature in the low-loss region. Plas-

mon peaks were fitted, using a simple Lorentz model, with 2

fitting regions. These regions were selected according to the

position of the low-loss maxima. As the Si-NC plasmon be-

comes apparent over the “pure dielectric” signal, the fit energy

window is modified to adjust only the area around the Si-NCs

plasmon. For each spectrum the fit window is centered on its

intensity maximum, which is also a fitting parameter.

From the analysis of a given EELS-SI with this method,

a plasmon energy, EP, map is produced which we then an-

alyze through a histogram thresholding approach. Our aim

here is to identify regions of the dataset where spectra and

their neighbors show “dominant Si-NC” or “pure dielectric”

plasmonic features according to a defined threshold depend-
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application of such an approach to low-loss EELS has an addi-

tional difficulty because the mutually independent sources as-

sumption in ICA may not be necessarily fulfilled in the hyper-

spectral data. In this work we have used two different meth-

ods, the non-negative matrix factorization (NMF, included in

Hyperspy)13, and the Bayesian linear unmixing (BLU, pre-

sented by the authors as a Matlab code)12,23. These two al-

gorithms have in common the so-called positivity assumption,

i.e. sources are supposed to be positive. This constrain fits

well to the nature of EELS spectra, as no negative contribu-

tion is expected. Conversely, the BLU algorithm applies an

extra additivity constrain to the sources, meaning that the sum

of all contributions should be equal from pixel to pixel. Ad-

ditionally, as this algorithm is initialized by a set of factors

determined from a geometrical algorithm (N-FINDR in this

work), the resulting set of factors is expected to be related to

the ability to find pixels which contain the most pure spectral

contributions as possible (least mixed pixels).

We added spike removal and Poisson normalization steps

to the data prior to the application of any of these MVA algo-

rithms [Keenan04]. In the first step, spikes are detected by

thresholding the first derivative of the spectral data and re-

moved by spline interpolation. In the second one, the Pois-

sonian nature of the statistical distribution in EELS is taken

into account, and data are normalized to approach a Gaussian

distribution. With this normalization we expect to improve the

suitability of the input data for the BLU algorithm, as a Gaus-

sian statistical distribution is one of the hypothetical require-

ments for BLU. Both methods are also included in Hyperspy,

and a Matlab application was developed in order to use the

Poisson-normalized datacubes in conjunction with the BLU

program.

3.3 Optoelectronic properties from EELS

Apart from the chemical information contained in the plasmon

peak, low-loss EELS from a semiconductor specimen contains

information from interband transitions, as well as the band gap

of dielectric and semiconductor materials, among others. The

methodology exposed so far allows us to obtain information

from these in single EEL spectra and average spectra from

the identified regions (direct measurements), and MVA fac-

tors (indirect measurements). Additionally, Kramers-Kronig

analysis (KKA) was carried out on the spectra to demonstrate

the extraction of the complex dielectric function (CDF). A link

exists between the EELS and the CDF of a given bulk material

based on the semi-classical formula for the single scattering

distribution (SSD)24,25,

SSD(E) =
I0t

πa0m0v2
· log [1+β/θE ] ·ℑ [−1/ε(E)] (1)

Where I0 is the elastic scattering (ZLP) intensity, t is the

sample thickness, a0 is the Bohr radius, m0 is the electron rest

mass, v is the electron velocity, β is the collection angle, θE

is the characteristic angle for inelastic scattering at a given en-

ergy loss E, and ε is the energy dependent CDF. Thus the pre-

logarithmic factor, which will be called K, depends only on

the ZLP intensity and the electron kinetic energy T . The log-

arithmic factor will be called the angular correction, Θ(β ,E).
The first step in KKA is to normalize the SSD, which

we obtain from the EELS spectrum of a thin sample to set

ℑ [−1/ε(E)]. For the normalization step of KKA we have

used two main approaches depending on the availability of re-

fractive index values. If this value is available, the sum-rule of

the Kramers-Kronig relations allows us to calculate the con-

stant part of the above formula, K,

K =

(

1−
1

n2

)

−1
2

π

∫ ∞

0

SSD

Θ(β ,E)

dE

E
(2)

Also, this approach allows measuring the thickness of the

sampled region from the expression of K in eq. 1. The re-

fractive indices of all the bulk materials involved in this work

are well known, so this approach may be used for the spectra

from the dielectric barriers or the crystalline silicon substrate.

However, the values to be used for the Si-NCs MVA factors

are not clearly known, since n depends on particle size26. For

this reason, we have developed an alternative approach for the

normalization step that rests on the previous estimation of the

absolute thickness of the sampled region27. In this thickness

normalization step, we use the value of t calculated in an ad-

jacent region, of known n,

K =
I0t

πa0m0v2
=

I0t

T ·332.5

[ nm

keV

]

(3)

Also, for each KKA a measure of the intensity (sum of

channel values) of the ZLP is necessary. In the case of the

MVA factors, this value is not directly available because the

ZLP has to be cropped off or subtracted before MVA factor-

ization. We measured and stored the t/λ values using the total

and ZLP intensities, IT and I0, respectively, for each pixel. Us-

ing this value we can relate the integral of a given EELS sig-

nal, IS, with the value of the ZLP intensity to which it would

theoretically correspond using the following formula,

t/λ = log(IT/I0) = log(1+ IS/I0) (4)

Hence, ZLP intensity values that are needed for the nor-

malization step in the KKA of MVA factors can be estimated

from the t/λ mean value in a region were the factor is the

dominant spectral feature (highest abundance). The KKA al-

gorithm used, with the two normalization options, is imple-

mented for Hyperspy, and is available to the public through

the development version of this toolbox. Also using this tool-

box, every spectrum was prepared for KKA in a similar way;
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nique when compared to other TEM-based approaches, al-

though convolution of the interesting features is an inherent

difficulty. In previous works, a model-based fit containing two

Drude plasmons approach proved also reliable33. Neverthe-

less, when applied on these systems it fails to give consistent

measurements of neither EP nor width for all the studied sys-

tems. Our present experience indicates that this double plas-

mon model will only be reliable when the fitted features are

well separated in energy and exhibit significant differences in

FWHM, i.e. low energy narrow peak vs high energy wide peak

(as in the case of Si-NCs in a SiO2 matrix). Conversely, when

analyzing plasmonic features that are very close in energy and

width, this method may not be reliable and may lead to un-

interpretable or wrong results (as in Si-NCs in SiC and Si3N4

matrices). Other works that have examined Si-NCs in a silicon

nitride matrix using a model-based fit analysis of EELS data

found much higher variability of the calculated plasmon en-

ergy data for the background10. Moreover, an additional dis-

advantage is that EELS data acquired from thin specimens will

be naturally noisy as the inelastic scattering signal is dimin-

ished. In spite of all these difficulties, our phase identification

and segmentation technique, complemented with factorization

by NMF and BLU algorithms, has proved to be capable of ex-

tracting valuable information. The following and last section

will be devoted to the more complex aspects of the low-loss

analysis.

4.4 Optoelectronic properties of the Si-NCs

KKA was used to calculate the CDF from the available spec-

tra, namely, the “pure dielectric” region averaged spectra, the

Si-NC and dielectric background spectra from MVA factors,

and crystalline silicon (c-Si) single spectra acquired from the

substrate (see Fig. 9).

On both silicon oxide and nitride cases, the first step was

to perform KKA on the spectra identified as dielectric signals,

using the corresponding refractive index for each material34,

nSiO2
= 1.5 and, nSi3N4

= 2. For the MVA factors, the ZLP

intensities were calculated from the signal integral and a mean

of the calculated t/λ from a selected “pure dielectric” region

of the EELS dataset. Both dielectric CDFs, from MVA factors

and average spectra, showed excellent accordance with one

another.

These CDFs are depicted in Fig. 9(a) and (b); note that

while the correspondence for silicon nitride is almost perfect,

the silicon oxide functions differ in their intensity and plasmon

position. This is an expected result, as the EELS average spec-

trum from the barrier region (SiO2) differs in plasmon position

and width from the EELS contribution from the dielectric sur-

rounding the Si-NC (SRON). Sample thickness values were

obtained thanks to the use of the t/λ value for the normaliza-

tion. Both samples were confirmed to be particularly thin at

the examined regions, with t ∼ 48 nm and t ∼ 18 nm for the

silicon oxide and nitride matrices, respectively. This value is

used for the normalization step in the KKA of the MVA fac-

tors identified as Si-NC signals. Again, the t/λ mean values

for the dominant Si-NC regions linked the signal integral with

the ZLP intensity. It was found that this value is typically big-

ger than in the dielectric region, indicating a decrease in the

electron mean free path, λ , associated with the presence of the

Si-NC. The Si-NC CDFs were then calculated, see Fig. 9(c),

showing good agreement between the results for both particles

within the silicon oxide and nitride matrices. For the sake of

completeness we also applied KKA to retrieve the CDF from

a single spectrum acquired at the c-Si substrate in the silicon

nitride system, see Fig. 9(c).

An inherent disadvantage of measuring optoelectronic

properties using EELS is the difficulty to recover the informa-

tion lying at very low energies (e.g. band gaps, typically below

5 eV), due to the rather intense tails of the ZLP. However, we

have been able to measure band gap energies in our samples

and to add this information to our derived CDF, thanks to the

good energy resolution in our experiments (i.e. ZLP FWHM

below 0.2 eV). For the silicon oxide barrier sample, the band

gap feature of SiO2 is observed at ∼ 10 eV, in good accordance

with literature35. This value is also in good accordance with

our idea of low and homogeneous nitrogen diffusion from the

silicon rich layer (SRON) to the SiO2 in the barrier.

The band gap in Si3N4, measured at ∼ 4 eV, is lower than

the 5 eV value expected from the pure dielectric. Anyhow, this

is already in accordance with the measured plasmon energy

shift in the barriers from the expected 23.7 eV to the obtained

22.7 eV. We can postulate the formation of a SiNx (x < 1)

type matrix, and a general growth mechanism for the Si-NCs

from nucleation until a critical size after which coalescence

takes over, as in Refs. 10,36,37. The authors of those works

attributed the decrease in plasmon energy to an increase of

Si-Si bond concentration in the material. Our measurement of

both plasmon and band gap energies exhibit a solidary redshift

of ∼ 1 eV, indicating a consistent energy shift of the whole

band structure near the Fermi energy or the addition of new

levels38–40. Additionally, other works6, on similar samples

measured by EFTEM, estimated that 15% of the volume of

the dielectric barrier is distributed around the Si-rich layer and

around the Si-NC. This measurement is in good accordance

with our observations, e.g. “pure dielectric” region in between

particles at Fig. 7(a).

The indirect band gap for c-Si is found at energies between

1.2-1.4 eV, and it is possible to measure this signal in the EELS

spectra from bulk samples41. We confirmed the ability of our

system to obtain this measurement using c-Si spectra acquired

at the substrate of the samples. The CDF from c-Si substrate

is shown in Fig. 9(c) (note the onset of the imaginary part).

One may expect to detect a similar indirect band gap signal
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also in the case of an embedded particle system. In the case

of the Si-NCs, we should expect this signal to appear at higher

energies, owing to quantum confinement26, but below 2-3 eV.

However, no such feature was found in any of the Si-NC re-

gions in the SiO2 and Si3N4 systems. It was also impossi-

ble to measure any consistent contribution to the spectral in-

tensity levels below ∼ 3 eV for the Si-NC MVA factors or

average spectra from the “dominant Si-NC” regions. We be-

lieve that the lack of the silicon indirect band gap signal in

these embedded-particle systems should be attributed to the

fact that particle dimensions are comparable to the electron

delocalization distance, of ∼ 10 nm for the spectrum at low

energy losses19,25.

Arguably, this does not exclude the possibility that a con-

tribution from the indirect band gap is present in our low-loss

EELS data. On one hand, this contribution would be among

the less intense in the low-loss range, making it difficult to de-

tect above the tail of the ZLP, the band gap signal from the

surrounding material, and the noise level. On the other hand,

we cannot neglect the possibility that electron energy losses

apart from the ones related with the semi-classical interpre-

tation of inelastic scattering may have an impact in the mea-

sured EELS spectra (see eq. 1). García de Abajo treats many

of these cases24, among them the excitation of Čerenkov radi-

ation and the case of a composite material in which the grain

size affects the interface-to-volume loss ratio. Although we

are not able to consistently measure such contributions and the

use of a low energy beam (80 keV) theoretically reduces the

possibility for Čerenkov radiation excitation, we cannot dis-

card the possibility that a mixture of spurious losses could be

affecting the measurement of the indirect band gap. Surface

losses, which relative importance increases as sample thick-

ness decreases, were subtracted in the usual way in the KKA

algorithm25. The fact that surface loss contribution is rela-

tively more important in the thinner Si3N4 sample meant that

KKA algorithm required more iterations (10 instead of 5 in

the case of the Si-NC CDF) to reach proper convergence. Fi-

nally, the shape and energy of the features detected at ∼ 3-3.5

eV allows us to relate this measurement to the Tauc optical ab-

sorption gap, the direct band gap feature of the Si-NC26,42,43.

Again, these results are in good correspondence with the

QC model for Si-NCs of this size range. Although recent

reports have stated that the electronic properties for small

Si-NCs could exhibit smaller band gaps than the quantum-

confined ones44, we believe these additional features will only

be of importance in Si-NCs which size is around or below the

1 nm range. In this case it would be troublesome to character-

ize this effects, as the low-loss EELS from particles of such a

small size will be affected very strongly by delocalized scat-

tering from the surrounding material.

The electron effective mass, m∗, related to carrier mobility

can be derived from the CDF28. For the Si-NC in silicon oxide

and nitride matrices, m∗ values of 0.129m0 and 0.133m0 (m0

= 9.11·10−31 kg) were obtained, respectively. Meanwhile, for

the c-Si substrate, a value of 0.1m0 was obtained. By suppos-

ing an equal atomic density for c-Si and Si-NC of 50.2 nm−3,

an atomic density of electrons, ne f f , of ∼ 3 electrons was ob-

tained, actually higher for the Si-NCs, up to 3.5, in Si3N4.

In the case of crystalline silicon, as the k-space surfaces of

constant energy are ellipsoids, this quantity consists of a com-

bination of the transversal and longitudinal electron effective

masses. The generally accepted value of m∗ for c-Si is 0.26m0,

with a valence electron density of 4 electrons per atom45. Note

that the obtained m∗ and ne f f values are below the expected.

This appears to be a general trend for EELS measurements,

as in the work of Ref. 28, where the m∗ and ne f f calculated

values for III-V nitride samples were smaller than the theoret-

ically expected ones. However, the good correspondence with

other techniques and the possibility to combine the chemical

information also present in the spectra justify the use of EELS

for the calculation of m∗ values. Moreover, our calculation in-

dicates an approximate correspondence of the values for c-Si

and the Si-NCs, with an increase of the m∗ and ne f f in the

Si-NCs.

Table 1 Summary of the bandgap and plasmon energies and the

electron effective masses, obtained for the three different samples in

regions of interest. Note that for SiO2 and Si3N4, the values

presented from barrier regions are obtained by averaging, while the

ones from matrix and Si-NC regions are obtained by MVA. For SiC,

only averaging is used, as explained in the text.

Region EB/eV EP/eV m∗/m0

SiO2

Barrier 9.5 23.7 —

Matrix 9.5 22.7 0.188

Si-NC 3.0 17.3 0.129

SiC
Barrier 2.5 21.5 —

Si-NC — 17.5 —

Si3N4

Barrier 4.0 22.7 —

Matrix 4.0 22.7 0.160

Si-NC 3.5 17.8 0.133

c-Si substrate 1.3 16.9 0.1

5 Conclusions

Our phase identification and segmentation technique proved

that a selective averaging of spectra from regions allocated to

a specific “dominant Si-NC” or “pure dielectric” class, can

enhance the SNR in spectra, thus preserving the features of

the EELS spectrum containing valuable information about the

probed regions. We showed how MVA can be used to dis-

entangle the individual spectral contributions to the charac-

teristic EELS spectrum of the embedded particle system: the
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Si-NC and background dielectric signals.

The plasmon energies measured in the SiO2 barriers are

consistent with literature and indicate mostly pure dielectric

barriers that do not suffer from such effects as inhomogeneous

silicon or nitrogen diffusion. Conversely, in the case of SiC

and Si3N4 barrier systems, the significant shifts of the plas-

mon energy indicate an overall inhomogeneity in composition

that can be related to the diffusion of silicon from the Si-rich

layer. Moreover, the inhomogeneous shape and distribution

of Si-NCs in the SiC sample as compared with the other two

indicates that diffusion severely affected the shape of the mul-

tilayer structure, with generalized coalescence of the Si-NCs

and deformation of the barrier interfaces.

In the SiO2 case, NMF allowed separating a spurious in-

tensity step in the detector and recovering each contribution

as a separate component. This was not possible in the Si3N4

case, in which we showed that BLU allowed for the separa-

tion of the Si-NC contribution in one component whereas two

other components contained the mixed contributions from di-

electric plasmon and intensity step. The different results after

applying NMF or BLU highlight the differences between both

techniques, i.e. the geometrical initialization and additivity

constrain of BLU. Both analyses were enabled by the previ-

ous use of spike removal and Poisson normalization steps.

A detailed report on the electronic analysis of the EELS

data and the derived MVA factors was given. Different KKA

normalization steps were employed, using the refractive index

or the thickness, depending on the available data. The derived

CDFs of the dielectric material in the barriers, the dielectric

material surrounding the Si-NCs, and the Si-NCs themselves

provided a valuable insight into the structural properties of the

systems after the growth process. These CDF were compared

to the CDF from a c-Si substrate area. Good accordance be-

tween the compared CDFs was found, and plasmon and band

gap energies (including quantum confinement effect within the

Si-NCs) were taken into account for an optoelectronic charac-

terization of the materials. Finally, electron effective masses

and approximate density of electrons for c-Si and the Si-NCs

have been calculated and compared with the expected values.
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