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Abstract: The solid-state dewetting phenomenon was used to obtain submicron- and
micron-sized SiGe particle arrays by the Ge deposition on Si(100) substrates. Their trans-
mission and reflection spectra were measured and numerically modeled by the FDTD
method. They exhibit resonance effects in broad infrared spectral ranges, depending on
the particle size. The broadband antireflection property is associated with wide particle size
distributions and the influence of a high-index substrate. The results show that the dewetting
phenomenon provides the natural formation of arrays of particles shaped as close to a
sphere segment, and they turned out to be effective as antireflection coatings.

Index Terms: Thin film coatings, optical properties of photonic materials, metamaterials,
fabrication and characterization, numerical simulation, FDTD method.

1. Introduction
The use of antireflection coatings essentially improves the efficiency of various optoelectronic
devices, in particular, photodetectors. Coatings generating optical resonances have recently been
introduced for this purpose [1]–[4]. The simplest ones, from the technological viewpoint of their
fabrication, are coatings of a thin metal perforated film containing gratings of subwavelength-sized
holes. When electromagnetic (EM) radiation interacts with them in the mid-IR region, it can cause
the EM wave leakage through the holes due to the surface plasmon excitation leading to a local
concentration of electromagnetic waves in the substrate surface layers [1]–[3], [5], [6]. This effect
can be enhanced by means of the Rayleigh anomaly introducing a diffraction effect occurring
owing to the EM radiation scattering on the hole edges [6]–[8]. It was shown that the placement
of dielectric particles into metal film holes can give an additional positive effect based on the
excitation of magnetic and electrical resonances in dielectric particles [2], [4], [9]–[11]. Although
the use of such hybrid metal-dielectric antireflection coatings provides a significant increase in
the efficiency of optoelectronic converters in the mid-IR region, they have the disadvantage of
containing metal components that cause the dissipation of EM radiation. The implementation of
all-dielectric antireflection coatings could significantly reduce this undesirable effect.
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New features of optical properties continue to be revealed in metasurfaces consisting of dielectric
particle arrays [12], [13]. Particles made of Si-based materials are of particular interest due to their
wide commercial applications and advanced microelectronic technology. An important aspect is
that the refractive index (n) of Si is relatively high, due to which optical resonances appear in
Si particles at EM wavelengths several times smaller than the particle size [10], [11]. Ge has n
greater than that of Si. The use of Ge and SiGe instead of Si allows reducing the particle size in
order to obtain optical resonances at the same wavelengths. In addition, particles with higher n are
characterized by greater resonance Q-factors [11], [14]–[16].

Several methods for obtaining dielectric particle arrays, among which there are approaches using
various lithographic techniques [17]–[20] and laser ablation [21], [22], are being developed. The
most technologically simple approaches are based on the self-organization of continuous surface
layers through their agglomeration into compact particles by means of the dewetting phenomenon.
This phenomenon was best studied for Si [23]–[29] and Ge [24], [30]–[32] layers on SiO2. The
solid-state dewetting phenomenon has recently been observed for Ge layers on Si substrates [33],
[34]. As in the case of Si and Ge layers on SiO2, the Ge dewetting from Si can be realized both
by the high temperature annealing of continuous Ge layers initially deposited on Si substrates at
relatively low temperatures [35], [36] and during the Ge deposition on Si substrates directly at high
temperatures (≥750 °C) [34], [37].

The strong effect on the reflection and transmission of EM radiation caused by coatings consist-
ing of dielectric particles originates from the destructive interference with resonant magnetic and
electric dipole modes. The minimum reflection and transmission appears at the wavelengths at
which the EM fields of magnetic and electric dipole modes are equal in magnitude [16], [38]–[42].
Depending on the shape of particles and their concentration and spatial distribution, zero intensity
of reflected and transmitted EM radiation can be obtained. The spectral position of the dipole
modes relative to each other depends, in particular, on the particle shape. For particles shaped as
a disk, which is described by two parameters: diameter (d) and height (h), the spectral position of
dipole modes relative to each other is determined by the aspect ratio (AR) value, AR = h/d. The
spectral positions of dipole modes have different dependences on AR. Calculations have shown
that the positions of dipole modes coincide for disk-shaped particles with AR ∼0.4–0.5 [34], [40],
[43]. Such AR values are often observed in particles formed using various methods [35]–[37], in
particular, by the agglomeration of continuous layers on non-wettable surfaces [18], [20], [23], [38],
[39]. Particles with such AR also predominantly formed during the Ge deposition on Si(100) [34],
[37], [49].

In this work, the dewetting phenomenon was used to form coatings of SiGe particles with sizes
from submicron to micron, depending on the amount of Ge deposited on Si(100) substrates.
The reflection and transmission spectra were measured in the wavelength range from ∼1 to 16
μm. They show the presence of strong effects from the resonant interaction of EM radiation with
SiGe particle arrays. The dependence of reflection and transmission minima on the particle size
distribution was obtained. It is found that, in the presence of a wide particle size distribution,
the resonant EM modes of smaller particles produce a stronger contribution to the destructive
interference with incident EM radiation than that of larger particles. It is suggested that the observed
broadband antireflection property of coatings consisting of SiGe particles is associated with a rather
wide particle size distribution in combination with the resonance mode broadening of individual
particles [50], which occurs due to the influence of high-index substrates. The results of our
numerical simulation using the FDTD method confirmed the broadband properties of the SiGe
particle on Si substrates due to the strong EM resonances in particles with relative large AR values
of about 0.4, despite their low Q-factor.

2. Experimental Details
The experiments on the Ge growth were carried out in an ultrahigh-vacuum chamber with a base
pressure of about 1 × 10−10 Torr manufactured by Omicron. Samples (10 × 2 × 0.3 mm3) cut
from n-type Si(100) wafers were used as substrates. Clean Si surfaces of the substrates were
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Fig. 1. (a–c) SEM images of the samples obtained after the Ge deposition on Si(100) at 850 °C in the
amounts of 7, 32 and 63 nm, respectively. Images are taken at about a 45° electron beam incidence
relative to the sample surface. The scale bar for the images is shown in (a).

prepared by the flash direct-current heating at 1250–1300 °C. A Knudsen cell with a BN crucible
was used for the Ge deposition at the rate up to 1.0 nm/min, as was described elsewhere [49]. To
calibrate the Ge deposition rate as a function of Knudsen cell temperature, relatively thick Ge films
(∼100 nm) were deposited on Si substrates at about room temperature. The film thickness was
measured using the scanning electron microscope (SEM) images of the sample cross-sections.
The coatings with SiGe particles were obtained by the Ge deposition on the Si(100) samples at the
temperature of 850 °C. The sample temperature was measured using an IMPAC IGA 12 pyrometer.
After the sample removal from the growth chamber, their surface morphology was examined with a
Pioneer SEM manufactured by Raith, and the surface chemical composition was determined with
energy-dispersive X-ray spectroscopy. The reflection and transmission spectra were measured by a
Simex Fourier transform infrared spectrometer FT-801 operating in the range from 1 to 20 μm. The
transmission spectra were obtained under normal incidence. To measure the reflectance, the angle
of an EM beam incidence was 45 degrees, and the reflected EM radiation was collected within a
solid angle of about 45 degrees. Air was used as the reference for measuring the transmittance, and
a gold film deposited on a polished Si wafer was used as a reference for measuring the reflectance.
The incidence angle of 45 degrees in the reflectance measurement was used for convenience.
Spinelli et al. [50] showed that the reflectance from arrays of compact particles in the spectral
region of magnetic and electrical resonances is almost independent of the incidence angle.

3. Results and Discussion
3.1 Characterization of the Coatings with SiGe Particles on Si(100)

The Ge deposition on Si(100) at 850 °C leads to the formation of compact three-dimensional
particles [34]. It was shown that, due to a strong intermixing of Si and Ge atoms at the SiGe/Si(100)
interface, the particles have the composition SixGe1-x with x from ∼0.8 to 0.9 depending on the
deposited Ge amount and the Ge deposition rate [37], [49]. The SiGe particles had a sharp
compositional boundary with the Si(100) substrate and large contact angles with the substrate
[37]. This indicates that the SiGe layers do not wet the Si surface, despite the strong intermixing of
Ge and Si atoms at the SiGe/Si(100) interface [37], [49]. The SiGe particle size increases with the
deposited Ge amount. At the same time, the particle concentration decreases due to coalescence
of nearby particles, but they remain compact (Fig. 1) due to the intense diffusion and dewetting of
Si by SiGe.

For relatively small amounts of deposited Ge, the SiGe particles are formed only due to the
nucleation at the initial Ge deposition stage. As a function of their size, they form the monomodal
distribution (Fig. 2(a)). As the deposited Ge amount increases, they grow in size so that closely
spaced particles coalesce to form relatively large compact particles. This results in a significant
broadening of the particle size distribution (Fig. 2(b)). With the further increase in the deposited Ge
amount, large particles obtained by coalescence are characterized by a separate peak in the size
distribution (Fig. 2(c)), and the distribution becomes bimodal. Lager amounts of deposited Ge lead
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Fig. 2. (a–d) The SiGe particle concentration as a function of a surface area occupied by an island for
the samples obtained by the Ge deposition in the amount of 7, 20, 32 and 63 nm on Si(100) at 850 °C,
respectively.

Fig. 3. Transmission spectra of (a) a Si(100) substrate and the samples prepared by the Ge deposition
in the amount of 7, 12.5, 20, 32 and 63 nm on Si(100) at 850 °C, as marked in (a), and (b) the Si(100)
substrate covered with the 40 nm continuous Ge film deposited at room temperature. (с) Wavelength
dependences of the ratio of the transmission spectra (shown in (a)) of Si(100) substrates coated with
SiGe particles to the transmission spectrum of the uncoated Si(100) substrate.

to a further decrease in the concentration of particles not involved in the coalescence, and the size
distribution, again, becomes monomodal (Fig. 2(d)).

3.2 Optical Properties

The transmission spectra (TSiGe) of the samples coated with SiGe particles show a strong de-
pendence on the particle size (Fig. 3(a)). With an increase in the particle size, the transmission
minimum shifts toward the longer wavelength region. Since Ge has a significant absorption at wave-
lengths up to about 2 μm, for comparison, the transmission spectra of Si(100) substrates coated
with continuous Ge layers deposited at temperatures below 300 °C were measured (Fig. 3(b)).
The measurements show that the continuous 40-nm thick Ge layer reduces the light transmission
in the range of 1–2 μm less than the sample coated with SiGe particles obtained after the 7 nm
Ge deposition. This indicates that the main effect of the decrease in the transmission of samples
coated with SiGe particles after the Ge deposition in the amount of 20-60 nm can be associated
with the excitation of EM Mie resonances which occur in dielectric particles.
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Fig. 4. (a) Reflectance spectra of the Si(100) substrate and the samples coated with SiGe particle
arrays of prepared by the Ge deposition in the amounts of 10, 20, 32 and 63 nm on Si(100) at 850 °C,
as marked. (b) Wavelength dependences of the ratio (RSi/RSiGe) of the reflectance spectra (shown
in (a)) of Si(100) substrates coated with SiGe particles to the reflection spectrum of the uncoated
Si(100) substrate. The deposited Ge amounts used for the SiGe particle formation are indicated at the
corresponding curves.

The strongest decrease in the transmission under EM resonance conditions was observed for
the samples obtained by the deposition of relatively large Ge amounts. The sample obtained by
the 32 nm Ge deposition exhibits approximately a 25 times lower transmittance than the uncoated
Si substrates (Fig. 3(c)). The transmission spectra show that, for the samples with the Ge coatings
of 20 nm or less, the optical resonances in the corresponding SiGe particles are likely to be more
pronounced at wavelengths less than 1 μm, at which Si substrates do not transmit EM radiation.
For the samples with deposited Ge amounts of more than 32 nm, the transmission minimum is less
deep, but significantly broader. This is, probably, due to a wider size distribution of SiGe particles
in the corresponding coatings.

The reflectance spectra (RSiGe) of the samples also exhibit a strong dependence on the SiGe
particle size (Fig. 4(a)). The spectral dependences obtained by dividing the reflection spectrum of
the Si substrate without particles (RSi) by the reflection spectra of the Si substrate coated with the
SiGe particles (RSiGe) show that the presence of particles can reduce the EM reflection ∼2.3 times
at resonance wavelengths (Fig. 4(b)). In the reflection spectra, the resonance effects appear in a
wider spectral range up to ∼16 μm (Fig. 4(a)), compared to the transmission spectra in which they
appear up to ∼6 μm (Fig. 3(a)).

The absorption (1-R-T) by the samples coated with the SiGe particles at resonance wavelengths
increases more than 70%, compared to a near-zero absorption by the Si substrates at wavelengths
greater than 1.1 μm (Fig. 5). The enhanced absorption is observed in a wide wavelength range,
which shifts toward longer wavelengths as the SiGe particle size increases.

The interaction of EM radiation with dielectric particles leads to the excitation of magnetic and
electric resonances, among which dipole modes are the most intense and located in the long-
wavelength region. Their position in the spectrum relative to each other depends on the particle
shape. When the particle shape is described by two parameters (h and d), then the relative spectral
position of the dipole modes can be characterized using such quantity as the particle aspect ratio
[43], [44]. In our case, the SiGe particle shape is close to the sphere segment [34], [37], which is
also described by the height and diameter at its base. For disk-shaped particles, it was shown that
with increasing AR, the spectral position of the magnetic dipole mode shifts faster than the electric
one [44]. At AR values in the range of 0.4–0.5, the spectral positions of the dipole modes coincide,
and at larger AR values, the magnetic dipole mode wavelength is located in the region of longer
wavelengths [44]. The SiGe particles grown at 850 °С are characterized by the AR values up to 0.6
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Fig. 5. Absorption spectra of the samples coated with SiGe particle arrays prepared by the Ge
deposition in the amounts of 7, 12.5, 20, 32 and 63 nm on Si(100) at 850 °C. The deposited Ge
amounts are marked at the corresponding curves.

[37], while typical AR values are in the range 0.4–0.5. This corresponds to the AR values at which
the magnetic and electric dipole mode positions are close to each other.

The minimum in the transmission spectra of the substrates coated with dielectric particles is
formed as a result of destructive interference between the incident EM field and the field of electric
and magnetic dipole modes emitted by the particles [39], [40], [42]. The deepest minimum can
appear at wavelengths at which electric and magnetic dipole modes equally contribute to the
emitted EM field [16], [42], and when their resonant wavelength positions coincide. Such conditions
take place for SiGe particles, in our case, due to their AR values. It is important to note that
the similar AR values are quite common for particles that are naturally formed as a result of the
liquid-state [48] and solid-state dewetting phenomenon [27], [32], [47].

There is a linear dependence

λres = αnd (1)

between the wavelength λres of the magnetic dipole resonance and the particle diameter d, where
α is the numerical coefficient depending on the shape of particles and their aspect ratio. For the
spherical particles in the air, α ≈ 1 [11], while α ≈ 1.2 for the Si nanopillars with AR > 1 [51] and its
value can be greater for the disk-like Ge particles with smaller AR [10] on Si substrates. Consider
relation (1) with respect to our particles with the composition of Si0.8Ge0.2. The average lateral size
of a particle at its base can be determined using the data for the area which the particle occupied
on the substrate (Fig. 2) and assuming that the SiGe particles are shaped as a sphere segment.
The corresponding distributions of particles as a function of their lateral size are shown in Fig. 6.
The obtained distributions more pronounced reveal the bimodal size distribution for the particles
obtained in the middle range (32 nm) of the deposited Ge amounts (Fig. 6(a)). The minima in the
transmission spectra (Fig. 3(c)) are located in the wavelength region of ∼1.64 and 2.35 μm for the
particles obtained by the Ge depositions with the thicknesses of 32 and 63 nm, respectively. For
the particles of these samples, the average lateral size at their base is ∼1.05 (position of the larger
peak in the bimodal distribution) and 1.5 μm, respectively (Fig. 6). Using pairs of these values and
relation (1) with α = 1.2, an effective refractive index nef f ≈ 1.3 can be obtained.

The refractive index (nSiGe ) of Si0.8Ge0.2 in the wavelength range of ∼2 μm is nSiGe ≈ 3.6 [52].
The nef f value is significantly smaller than nSiGe. Since relation (1) is well valid, the result obtained
here means that the resonance modes of relatively small-sized particles give a significantly larger
contribution in the optical properties than that of particles with larger sizes. This is confirmed by
the estimation of the nef f value using the minimum in the light transmission spectra of ∼1.64 μm
(Fig. 3(a)) and the position (0.42 μm) of the first maximum of the bimodal particle size distribution
(Fig. 6(a)) for the sample with the 32 nm Ge deposition, which gives nef f ≈ 3.3, that is, nef f ≈ nSiGe.
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Fig. 6. The concentration of SiGe particles as a function of their average lateral size for the samples
obtained by the Ge deposition in the amounts of (a) 32 and (b) 63 nm on Si(100) at 850 °C.

Thus, the relatively small particles produce the strong effect on the optical properties, despite
their low concentration. At the same time, resonance modes in large particles cause a significant
decrease in the transmission and reflection in a wide wavelength range up to 7 μm and more (Fig. 3
and 4).

The compact particle formation during the agglomeration of continuous layers on a non-wettable
substrate depends on their thickness and crystal structure. Crystalline and polycrystalline layers
are thermally more stable than amorphous ones. The particles formation on SiO2 requires temper-
atures ≥800 °C for the crystalline Si [20], [44], [45], SiGe [55]–[57] and Ge [31], [48] layers, and
≥700 °C for the amorphous Ge layers, depending on the thickness [32]. In the similar temperature
range (≥750 °C), the SiGe particle formation occurs during the Ge deposition on the bare Si(100)
[34], [37] and Si(111) [33], [35] substrates. However, there are significant differences between the
arrays of particles formed on the SiO2 and Si surfaces. In the case of Si on SiO2, the maximum
possible lateral size of compact particles is up to 500 nm [29], [53], whereas the lateral size of
compact SiGe particles on Si(100) reaches 3 μm [37]. Moreover, the SiGe particles on Si(100)
have a higher concentration and aspect ratio. These differences characterize the SiGe particles on
Si(100), obtained due to the self-organized agglomeration, as more effective in their influence on
the optical properties.

The observed broadband minima in the reflectance and transmission spectra are associated with
the broad particle size distribution. Another reason for the broadening of the resonance minima is
due to the influence of the substrate. Spinelli et al. [50], by means of calculations, showed that the
resonance minima from a Si cylinder lying directly on a high-index substrate are wider than from
the same Si cylinder surrounded by the air. This is due to the propagation of a significant part of the
resonant EM waves into the substrate, which is confirmed by the theoretical calculations [58] and
Raman spectroscopy data that reveal the Raman signal amplification from the Si substrate areas
located under SiGe particles [59], [60]. It was shown for particles of the same size that, in a narrow
spectral range, the dielectric particle array is more efficient as an antireflection coating than the
metal particles array [61]. A significant expansion of the spectral range due to two factors, namely,
the influence of a high-index substrate and a wide particle size distribution, makes the dielectric
particle array to be more efficient as antireflective coatings in a wide spectral range in comparison
with coatings made of metal particles. From the fabrication viewpoint, the simplest are antireflection
coatings made of continuous transparent layers of certain thicknesses which suppress the back-
reflection due to the interference of light reflected from interlayer boundaries. This interference
forms relatively narrowband antireflection coatings. Moreover, the band spectral position depends
on the light incidence angle. The interference associated with the participation of magnetic and
electrical resonance waves from arrays of compact dielectric particles does not have such limiting
spectral characteristics. Thus, dielectric SiGe particle arrays can be used as antireflection coatings
to increase the efficiency of photodetectors, solar cells and photoluminescent radiations.
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Fig. 7. Normalized intensity of (a) transmitted and (b) reflected EM waves for the Si0.8Ge0.2 particle on
the Si substrate for different AR values at fixed d = 1.0 μm.

3.3 Numerical Simulations

The numerical simulation of the SiGe particles on a Si substrate was performed using the finite
difference time domain (FDTD) method through the commercial software package FullWave by
RSoft-SYNOPSYS [62]. The refractive index of SixGe1-x was obtained according to the generalized
Vegard’s law by the linear interpolation from n for Si to n for Ge using their data known from the
literature. The modeled particle is shaped as a sphere segment with d = 1 mm and AR in the range
from 0.05 to 0.45 and x = 0.8.

The numerical simulations show that the Si0.8Ge0.2 particle on Si substrates has such optical
properties that are very different from the optical properties of the Si sphere on silica [11]. In our
case the structure of the Si0.8Ge0.2 particle on the Si substrate has a very small (13%) difference
in n at their interface. As a result, this structure has a very low Q-factor. An incident EM wave
can excite the SiGe particle, but it exhibits the behavior of a weak resonator which has broadband
excitations at different wavelengths. This is the main difference from the excitation of the Si sphere
in the air or on silica [11], at which the contribution of different resonance modes can be well
distinguished at each wavelength.

To reveal the optical properties of the Si0.8Ge0.2 particle on Si substrates by the numerical
simulation, we excited the structure with a Gaussian EM beam, which is incident on it in the direction
normal to the substrate surface. The incident wave that contains the broad spectrum excites the
Si0.8Ge0.2 particle and produces the scattering field having the local maxima corresponding to the
excitation of electric and magnetic moments described by eclectic (Ez) and magnetic (Hz) field
components, respectively. The calculated intensity dependences of reflected and transmitted EM
waves are presented on Fig. 7.

To obtain the scattering field generated only by the Si0.8Ge0.2 particle on the Si substrate, the
following procedure was used. We calculated the total scattering fields separately for two cases: for
the bare Si substrate and for the Si substrate with the Si0.8Ge0.2 particle. Then we subtracted the
calculation result for the first case from the calculation result for the second case. This procedure
is suggested to allow obtaining the reflected and transmitted spectra, and the EM resonance fields
generated by only the Si0.8Ge0.2 particle, which is shown in Figs. 8 and 9, respectively. As expected,
the spatial distribution of the Ez and Hz components of the EM field corresponds to dipole-type
excitations [Fig. 9(a), (b)], and their distribution in the x and y planes reflects the electromagnetic
field leakage into the substrate, as was observed for similar structures using Raman spectroscopy
[59], [60].

It is shown in Fig. 8 that the peaks of the strong resonant interaction between the EM radiation
and the Si0.8Ge0.2 particles on Si substrates lie at the wavelengths of ∼2 and 3.5 μm for the
particles with the diameter of 1 μm. This gives nef f ≈ 2 and 3.5, respectively, according to relation
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Fig. 8. Amplitude of the scattering (a) Ez and (b) Hz components of the EM field by the Si0.8Ge0.2

particle on the Si substrate; it was measured near the substrate surface, but far from the particle.

Fig. 9. Spatial distribution of the real part of (a, c) Ez and (b, d) Hz components of the EM field scattered
by the Si0.8Ge0.2 particle: (a, b) Z-cut, (c) Y-cut and (d) X-cut. The calculation was performed for λ =
2.32 μm, d = 1.0 μm and AR = 0.4. The scales show the relative values of the amplitudes for the (a,
c) Ez and (b, d) Hz components in arbitrary units.

(1). Thus, the results of numerical simulation are in a good agreement with the experimental data
and show that the structures studied by us are characterized by several resonance peaks resulting
in the broadband interaction.

The numerical simulation shows that the spectral position of the maxima and minima in the
obtained spectra is determined only by the particle diameter and, practically, does not depend
on the AR value. Such dependence on the AR value is in agreement with the experimental data
obtained for the dependences on AR for the Ge particles of a disk-like shape on Si substrates [19].
The second agreement with the experimental data is the presence of a strong dependence of the
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maxima and minima amplitudes of the obtained spectra on the AR value [19]. The particles with
small AR values exhibit weakly pronounced resonance properties, since the influence of a low
Q-factor of the corresponding structures is more significant. Thus, the results of the experiment
and numerical simulations show that, despite the low Q-factor, the structures exhibit strong EM
resonance effects in the transmission and reflection spectra at relatively large AR values . As for
the dewetting phenomena used here for the particle fabrication, it provides the formation of particles
with sufficiently high AR values at which the small difference in n at the interface has a reduced
effect on the resonance excitation.

4. Conclusion
The transmission and reflection spectra were obtained for Si(100) substrates coated with
submicron- and micron-sized SiGe particles which were formed using the dewetting phenomenon.
The spectra contain deep minima, in which the transmission and reflection can decrease more than
20 and 2 times, respectively, in comparison with the sample not coated with the particles. These
minima are associated with the destructive interference of the incident EM field and the field of
electric and magnetic dipole resonances generated in the dielectric SiGe particles. The estimates
of the refractive index of SiGe particles based on the values of the resonance wavelengths and the
position of the maxima in the particle size distributions showed that resonances in smaller particles
make a stronger contribution to the destructive interference, while the contribution of large particles
is distributed over a wide wavelength range up to 7 μm and more. The numerical simulation using
the FDTD method confirms that the EM field generates strong EM resonance excitations in the
SiGe particles with relatively large AR values. These resonances have a low Q-factor due to the
small reflective index contrast at the particle/substrate interface, causing the resonance EM field
leakage into the substrate. The obtained results show that strong antireflection properties become
broadband for the coatings consisting of dielectric particles with a hemispherical-like shape and
broad size distribution. Particles with similar shapes and size distributions are commonly formed
by the dewetting phenomenon.
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