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Abstract:
The use of Li-Fi for the next generations of Internet of Things (IoT) and 6G networks can be very effective.
Optical antennas (OAs) can generate a greater optical gain and a wider field of view (FoV). Therefore, they are
very efficient in visible light communication (VLC). In this paper, we have studied a concentrator plasmonic
nanostructured optical antenna that works in the visible wavelength. For this purpose, the impact of the shape
and size of the plasmonic nanostructure was explored to enhance gain and improve the focusing of the optical
antenna toward the detector’s small surface. To increase the gain and improve the performance of the antenna,
periodic nanostructures of comb teeth with varying sharpness and slope have been employed. The plasmonic
nanostructures near the luminescent dielectric layer have formed a powerful electromagnetic field resonator
and have increased the power up to three times in the optimal state. Moreover, the newly implemented optimal
design has demonstrated an expanded FoV range. Consequently, this optical antenna has created a high data
transmission rate by increasing the light cocentration.

Keywords: Internet of Things (IoT); Li-Fi technology; Luminescent organic semiconductors; Optical nanoantennas; Surface plasmonic
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1. Introduction

Visible light communication (VLC) provides an emerging
field of study and research for the use of optical communi-
cation and telecommunication (Li-Fi) as a complement to
Wi-Fi wireless communication [1–3]. This technology can
significantly enhance available bandwidth, thus enabling
the transfer of high data rates. Research in the field of
novel sciences has always been of special importance [4–
8]. With the advancements in long-term internet services
like IoT, pervasive networks, smart cities, health facility
communication, autonomous vehicles, industrial machine
communication, augmented reality, and Intelligent Trans-
portation Systems (ITS), the demand for utilizing additional
electromagnetic bands has increased compared to previous
times[9–11]. Therefore, due to the high traffic of the radio
frequency (RF), the next generation of wireless communi-
cations such as 6G can fully use the licensed exempt optical
spectrum range to send data. For this purpose, the envi-
ronment illumination light is used. So the information for

transmission is placed on it in a modulated form. Inten-
sity modulation of LED light sources is possible with high
speed [12–15]. Therefore, internal lighting or external illu-
mination sources can easily be effective for transmitting the
required data in next-generation IoT devices [16]. The ac-
tual performance of optical communication is formed in the
Li-Fi network structure, which will have a high potential for
providing long-range wireless communication in the future
smart world. One of the important challenges for the devel-
opment of this technology is the design of an ideal receiver
of the type of optical antennas for it. A suitable receiver has
low-cost manufacturing technology and can provide high
optical gain, high sensitivity, high operating speed, and a
large field of view (FoV) [17, 18]. One approach to increase
the sensitivity of VLC receptors is to increase the photon
receiving level for the detector [19, 20]. While in this situ-
ation, the cost of production will increase and at the same
time the performance speed will decrease. An effective
strategy involves employing passive optical components to
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concentrate the light, although this may limit the FoV in
the receiver. On the other hand, the optical nanoantennas of
the luminescence concentrator structure in the visible light
range can free the VLC detectors from complex tracking
systems and turn them into a suitable structure for use in
smart terminals with simple methods [21–24]. They are
able to convert the incident photons to longer wavelengths
with good quantum efficiency and transfer the generated
wavelengths from a large receiving area to a small photo
diode (PD) surface for high-speed detection. Surface plas-
monic resonance is a key factor in the research of optical
nanoantennas. Metal nanostructures significantly enhance
surface plasmon resonance in the visible light spectrum for
electromagnetic waves by increasing the metal-dielectric
boundary surface [25–28]. In this way, they play an ef-
fective role in controlling the direction and increasing the
optical gain of this type of antenna. One of the objectives
of this study is to provide a relatively complete simulated
structure with adequate accuracy for the study of the funda-
mental parameters of nanostructured optical antennas. So
that by eliminating the costs and complexities of experimen-
tal work, the effect of structural parameters can be studied
and a correct prediction of the performance of the proposed
technologies can be provided. For this purpose, in this arti-
cle, we have designed and simulated an initial structure of a
nanostructured optical antenna concentrating luminescence
based on the surface plasmonic effect. We have initially
validated our simulations by comparing them to experimen-
tal data from reputable sources to ensure the correctness
and accuracy of the performed calculations, and then we
have studied and optimized the structure. To increase the
efficiency and improve the gain of the concentrator antenna,
we have utilized the help of periodic nanostructures, and
we have investigated the effect of the parameters and di-
mensions of the nanostructure on the basic characteristics
of the concentrator antenna. Considering that the comb
tooth nanostructures used are made of Ag metal, by using
the characteristics of surface plasmon resonance, they play
a great role in increasing the efficiency of the optical an-
tenna in the visible wavelength spectrum. The effect of the
dimensional characteristics of these plasmonic nanostruc-
tures on the basic parameters of the intended antenna has
been completely studied in this article. Thus, in this article
we have shown that nanostructure optical antennas (OAs)
can generate a greater optical gain and the shape and size
of the plasmonic nanostructure significantly influence the
performance of them. Then with optimizing the plasmonic
nanostructures in our suggested structure we have formed a
powerful electromagnetic field resonator and have increased
the power of radiation light up to three times.

2. Materials and methods

2.1 Calculation method
For simulation, light is considered as an electromagnetic
wave, and the method of numerical solution of Maxwell’s
equations is used to obtain the distribution of fields in dif-
ferent layers of the structure. For this purpose, FDTD So-
lutions calculation method has been used in 2D to perform
optical response calculations and obtain electric field dis-

tribution on the designed structure [31]. To investigate the
propagation of light waves in different layers of the optical
antenna using the FDTD method, Maxwell’s equations have
been calculated in discrete time using the Finite Difference
numerical solution method, and the distribution of electric
fields (E) and magnetic fields (H) in different areas has been
obtained using the following equations:

E(n+1) = En +
∆t
ε

∇×H(n+ 1
2 ) (1)

H(n+ 3
2 ) = H(n+ 1

2 )− ∆t
µ

∇×E(n+1) (2)

By obtaining the field distributions, the radiation and reflec-
tion components of the optical power have been calculated
as:

P(λ ) =
∫ 1

2
cε0nα|E(x,y,z)|2dxdydz (3)

where c is the speed of light in free space, ε0 is the permit-
tivity of vacuum, n is the real part of the refractive index,
α = 4πk/λ , k is the imaginary part of the refractive index,
and E is the electrical field distribution obtained from the
FDTD method at different locations.
The simulated structure in the software environment is ac-
cording to Fig. 1 (a). To simulate the light source as a field
distribution with a wide bandwidth in the visible wavelength
range of 350 nm − 800 nm under normal radiation to the
surface of the structure is considered. In addition, for the
structure of the studied nanoantenna with the same periodic-
ity, the source is considered as a flat wave. The propagation
direction is assumed to be perpendicular to the surface of
the structure (reverse direction of the y axis), where the cal-
culations are done in the x-z plane. For simulation, only one
periodicity of Λ = 500 nm is modeled, and in the existing
boundaries along the x direction, the boundary conditions
are periodic. PML (Perfectly match layer) boundary con-
ditions are considered along the y direction. The size of
the mesh cells used for the specified simulation area is con-
sidered to be about 0.2 nm to have a high accuracy of the
calculations according to the used structure.

2.2 Flat structure of thin film concentrator optical an-
tenna

The under study planar structure, in three-dimensional form
and the arrangement of the layers as seen from the front, as
well as the simulated structure of the thin film antenna in
the software environment, have been shown in Fig. 1 (b).
The structure considered for concentrator antenna utilizes
a compound parabolic structure (CPC) (Fig. 1 (c)). Light
is irradiated to the surface of the structure in the inverse y
direction. According to the fact that the side edges and the
bottom have a mirror state and the structure of the antenna
is made of transparent layers with a slight difference in re-
fractive index, the light is concentrated inside the structure
and is directed towards the output in the x direction. Due to
the photoluminescence feature of the layers, the absorbed
light radiates with a wavelength shift towards larger wave-
lengths at the output. The arrangement of the layers and
their thickness next to each other for the structure in a pe-
riod (Λ) is shown as a view from the front (x-y) in Fig. 1 (c).
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Figure 1. (a) Simulated structure in the software environment, (b) Layered structure created in the periodic range as seen from the front, (c) Schematic of
CPC luminescence concentrating optical antenna.

As shown, the lowest layer is silver (Ag), which is con-
sidered as a reflective layer with a thickness of 200 nm.
Two layers of NOA68 with a refractive index of 1.54 and a
thickness of 2 µm, which are relatively transparent, along
with two layers of Super Yellow with a thickness of 80 nm,
which are actually composed of Ph-ppv molecules and have
photoluminescence properties, have been used to increase
the dominant light density. The molecular structure and
optical properties used to simulate this layer are illustrated
in Figs. 2 (a), 2 (b) [29, 30]. Two layers of PET with a
refractive index of 1.575 and a thickness of 3 µm have been
used, one as a substrate and the other to help collect light in
the waveguide structure in the displayed locations.

2.3 The structure of a thin film concentrator optical
antenna with a layer containing comb nanoteeth

To study and increase the performance of focusing optical
antenna, we use comb tooth nanostructures in thin film lay-
ering. The studied structure in three dimensions and the
arrangement of the layers as a front view as well as the
simulated structure of the thin film antenna in the software
environment are shown in Figs. 3 (a), 3 (b). The general
structure considered for the concentrating optical antenna in
this case is also in the form of compound parabolic concen-
trator (CPC) (Fig. 1 (c)). Light is irradiated to the surface
of the structure in the inverse y direction. Considering that
the side edges and the bottom have a mirror state and the

Figure 2. (a) Molecular structure of Ph-ppv layer as SuperYellow layer, (b) Optical characteristic in the form of real and imaginary refractive index for
Ph-ppv polymer layer [29, 30].
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Figure 3. (a) The simulated structure in the software environment for the concentrator with comb tooth nanostructures, front view (value of the period of
the structure Λ = 500 nm and the inclination angle of the teeth γ), (b) Schematic of the concentrator of comb tooth nanostructures created in the form of a
layered structure.

structure of the antenna consists of transparent layers with
a slight difference in refractive index, the light is trapped
inside the waveguide area. Nano-structures of metal comb
tooth have been used to enhance surface plasmonics proper-
ties, leading to increased field intensity and concentration
in the waveguide layers.
Finally, the focused light is guided towards the exit along
the x-axis. In this way, we have improved the performance
of concentrating antennas with nanostructures. Due to the
photoluminescence property of the layers, the absorbed light
radiates with a wavelength shift towards larger wavelengths
at the output. The arrangement of the layers and their thick-
ness next to each other as seen from the front (x-y plane)
is shown in Fig. 3 (b). As seen in Fig. 3 (b), the lowest
layer, which is composed of Ag metal, has created nano-
scale comb tooth structures. The NOA68 layer’s excellent
patterning capability allows for precise nano gratings cre-
ation, facilitating the study of fundamental characteristics
of the concentrating antenna by modifying the structure’s
components. According to the established structure, the
periodicity considered for this periodic structure is Λ = 500
nm, which is assumed to be constant. Then, by changing
the height of the created teeth, which leads to the change of
the γ angle and the change of the sharpness of the teeth, we
study the effect of surface plasmonics on the concentration
of the electromagnetic field.
The optical gain characteristic for a nanostructured optical
antenna can be calculated from the equation, OG = Ain

Aout
η ,

where Ain is the total area of the antenna for incident light
and Aout is the area of the light transmission area towards the
detector. The ratio of these two surfaces creates the geomet-
rical gain that can be calculated according to the structural
specifications of the CRC antenna (α , b, h, and a) as shown
in Fig. 1 (c). On the other hand, the total optical efficiency
is obtained from the equation, η = Pout

Pin
. Considering that in

both the flat and comb nanoteeth structures studied in this
article, the areas of Ain and Aout are assumed to be constant,
and the input light power (Pin) to both structures is the same.
The parameter that has been used as the main component of
optical gain in this study to analyze and compare the results

is the output optical power (Pout).

3. Results and discussions

3.1 Absorption and side radiation spectrum of flat struc-
ture optical antenna

The absorption and emission spectra calculated for the sim-
ulated structure according to Fig. 1 (a) compared to the
experimental results presented in reference [32] are given
in Figs. 4 (a), 4 (b), 4 (c). As can be seen, absorption and
emission spectrums are created in the visible light range.
The absorption spectrum has a peak around the 430 nm
wavelength and the luminescence emission spectrum has a
peak around the 540 nm wavelength. The exact value of the
resonance wavelength for the absorption and side radiation
spectrum resulting from the calculations performed in this
article compared to the experimental results presented in the
valid reference is given in Table 1 [32]. According to the
results, the resonance wavelength in the photoluminescence
side radiation spectrum shows a shift towards longer wave-
lengths. According to Fig. 1 (b), the structure of the antenna
in question consists of various layers that actually create
the structure of a dielectric waveguide for the incidence
electromagnetic light. Each of these layers is defined in
the simulation environment by its optical properties, which
actually determine the appearance of their dielectric coef-
ficient in the desired wavelength range. In this way, the
calculations performed and the distributions of the overall
fields obtained for the structure, have been analyzed the
losses, and scatterings present in all layers.
Then for further study, the concentrator antenna with a flat
structure has been considered (Fig. 5 (a)) and by changing
the radiation angles of the electromagnetic field applied
in the space around it. The obtained results compared to
each other are displayed next to the desired structure in
Fig. 5. The field concentration (Fig. 5 (b)), the radiation
(Fig. 5 (c)) and reflection pattern (Fig. 5 (d)) is calculated
so that by changing the structure, we can provide a more
suitable pattern. One of the essential characteristics of an
antenna can be its FOV. To demonstrate this ability of the
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Figure 4. (a) Calculated absorption spectrum of the flat concentrator antenna, (b) Calculated photoluminescence side radiation spectrum of the flat
concentrator antenna, (c) Absorption and side radiation spectrum of the concentrator antenna experimentally [32].

desired antenna to receive information, we have used the
radiation pattern to make a proper evaluation of its perfor-
mance in collecting information from surrounding environ-
ment, and create another comparative criterion between the
proposed structures. According to the results of Fig. 5 (c),
the radiation pattern that demonstrates the ability to receive
electromagnetic fields by the flat antenna is positioned at the
zero-degree incidence angle in the outer radius and generat-
ing greater reception power, this amount decreases as the
incidence angle increases. Since the changes in radiation
efficiency for different receiving angles are small, it can be
said that the antenna has a good FOV. However given the
small amount of radiation efficiency (which is maximally
around 0.5), we have tried to improve this amount in the
proposed structure. The radiation field distribution has also
been obtained for this structure. As can be seen in Fig. 5 (b),

the field concentration in the waveguide region causes the
concentration and transfer of light towards the detector. As
shown in Fig. 1 (c), to have accurate studies with small
mesh size that can fully investigate the consideration nanos-
tructure and its interactions with the around environment,
The simulations have been performed in a period (Λ) of the
structure and the results have been obtained for a unit cell
of the structure with dimensions of the considered period.

3.2 Absorption and side radiation spectrum of comb
tooth nanostructure optical antenna

For the concentrator antenna with comb tooth grating nanos-
tructures with the same periodicity, the source is consid-
ered as a flat wave. For simulation only one periodicity of
Λ = 500 nm is modeled and periodic boundary conditions
are applied in the boundaries created in the x direction. In

Table 1. Resonance wavelength for absorption and side radiation spectrum for the experimental sample compared to the simulated model.

Sample of a concentrator antenna Experimental sample [32] Computational simulation model in this study

Resonance wavelength of absorption spec-
trum

433 nm 434 nm

Resonance wavelength of side radiation
spectrum

545 nm 534 nm
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Figure 5. (a) The structure of the concentrator antenna by changing the desired radiation angles, (b) The distribution of the radiation field near the
waveguide surface of the flat structure of the concentrator antenna, (c) The radiation pattern of the far field by changing the angle Φ for different values of
the angle θ for Two-way space antenna, (d) Far-field reflection pattern with change of angle Φ for different values of angle θ for two-way space antenna.

the y-direction, where there is no periodic structure, Per-
fectly Matched Layer (PML) conditions are assumed. The
considered structure is shown in figure 3. The radiation
spectrum calculated for the Ag plasmonic comb tooth grat-
ing structures for variable tooth slope angle γ = 11◦, 17◦,
22◦, 27◦, 31◦, 35◦ corresponding to the height of the teeth
L = 100 nm, 150 nm, 200 nm, 250 nm, 300 nm and 350
nm with periodicity Λ = 500 nm are shown in Figs. 6 (a)-
6 (f), respectively. As seen, the peak intensity of the created
resonance wavelength varies according to the geometrical
change of the structure. To some extent, increasing the an-
gle of the teeth due to the increase in the surface area, the
surface plasmonic intensity is increasing, so the intensity of
the radiation spectrum also increases. However, more than
a certain limit, with the decrease in wave guide power due
to the inhibition of the teeth, the plasmonic intensity and
consequently the intensity of radiation spectrum decrease.
To show how the peak intensity of the field (the field at the
resonant wavelength λ = 530 nm) changes in relation to
the changes in the slope angle of the teeth of the nanostruc-
ture, we have drawn the calculated values in Fig. 7. As can
be seen, the intensity of the field increases up to the angle
γ = 31◦, while after that the intensity of the field decreases
with the decrease of the concentration level.
In continuation, to further study the concentrator optical

antenna with plasmonic effects in surface-grating nanostruc-
tures (Fig. 8 (a)) and the changes in angles of electromag-
netic field radiation have been considered. The obtained
results compared to each other are displayed next to the de-
sired structure in Fig. 8. The field concentration (Fig. 8 (b)),
the radiation (Fig. 8 (c)) and reflection patterns (Fig. 8 (d))
in the space around it have been calculated. From the com-
parison of the results with the concentrating antenna of the
flat structure, it can be seen that the antenna created with the
grating nanostructure creates a greater field concentration
(Figs. 8 (c), 8 (d)). Also, a stronger radiation field has been
created around the plasmonic nanostructures in an intensi-
fied form, which has made it more appropriate to guide the
detector towards the detector according to the inclination of
the teeth (Fig. 8 (b)). In this way, by increasing the concen-
tration, a large optical gain is created and a receiver with
suitable characteristics is created. Considering that in order
to have accurate results in the nanostructure dimensions,
calculations have been performed in one period (Λ) of the
structure, the results examined in Fig. 8 are also shown in
the dimensions considered for simulation.

2008-8868[https://dx.doi.org/10.57647/j.ijnd.2025.1603.21]

https://dx.doi.org/10.57647/j.ijnd.2025.1603.21


Andalibi Miandoab & Saleem Hars IJND16 (2025) -162521 7/10

Figure 6. The calculated radiation spectrum of the concentrator antenna with comb tooth nanostructures for different geometric characteristics (a)
L = 100nm, Λ = 500nm, γ = 11◦, (b) L = 150nm, Λ = 500nm, γ = 17◦, (c) L = 200nm, Λ = 500nm, γ = 22◦, (d) L = 250nm, Λ = 500nm, γ = 27◦, (e)
L = 300nm, Λ = 500nm, γ = 31◦, (f) L = 350nm, Λ = 500nm, γ = 33◦.
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Figure 7. Variations of field peak intensity (field at resonant wavelength λ = 530nm) in relation to variations of the slope angle of nanostructure teeth in
the grating concentrator antenna with plasmonic effect.

Figure 8. (a) The structure of the concentrator antenna with grating nanostructures by changing the desired radiation angles, (b) The radiation field
distribution near the surface of the grating nanostructures with surface plasmonic effect, (c) The far-field radiation pattern by angle changing Φ for
different values of angle θ for the bidirectional spatial concentrator antenna with grating nanostructures, (d) far-field reflection pattern with angle change
Φ for different values of angle θ for the bidirectional spatial concentrator antenna with grating nanostructures.
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4. Conclusion

The studies and research show that data transmission in
Li-Fi communication technology is still associated with
deficiencies due to the amount and speed of information
transfer. Also, despite the advantages that plasmonic optical
antennas provide for Li-Fi system receivers, there are still
challenges in improving performance and efficiency in
optical communications. In this article, we have worked
on the design and simulation of fluorescence nanostructure
concentrating antennas for Li-Fi communication technology.
The approach that we have presented includes an optical
antenna structure in the form of flat CPC, and a structure
with layers of nano gratings with surface plasmonic effect
of suitable shape and size. Due to the fact that based on
field studies and review of existing records, most of the
practical and experimental reports and articles have been
worked in this field we have tried to present a complete
simulated model for this purpose. Therefore, for the
comparability of the studies, we first created the structure
of the thin film concentrator antenna exactly similar to the
structures presented in the valid experimental articles and
compared the results which were in good agreement with
the experimental samples. In this way, after making sure of
the correctness and accuracy of the calculations, we have
studied, designed and optimized the proposed structure.
Numerical methods are of special importance in modeling
and simulating the characteristics of optical devices. For
this purpose, FDTD numerical methods are used for
simulation, which are suitable for designing and simulating
optical devices. We have used this method to design the
2D structure of the corresponding optical antenna. In this
way, all Maxwell’s equations are discretized by using the
definition of the derivative and considering the appropriate
boundary conditions in the whole structure, it is solved and
the distribution of electromagnetic fields is calculated. With
this method, first the absorption and concentrated radiation
spectrum for the primary structure is calculated, then by
placing the layer made of grating nanostructures with the
surface plasmonic effect, the created optical spectrum
is calculated and the results are compared. Then, with
changes in the geometric characteristics of the layer formed
by the grating nanostructures, which included variations
in the sharpness of slope and height of the comb teeth, we
studied the field intensity and the spectral concentration of
the antenna and introduced the optimal structure. Therefore,
a large part of the light can be collected by the introduced
optical antenna and detected by the optical detector placed
on the limited surface.
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