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ABSTRACT: This work explores the potential of spoof surface plasmon polaritons (SSPPs) for effectively feeding high-frequency antennas
operating in the extremely high-frequency (EHF) range. An innovative approach is introduced in this study to utilize SSPP to feed a
dielectric rod antenna. The design incorporates a straightforward dielectric rod antenna fabricated using FR-4 material with a relative
permittivity of 4.3. Compared to conventional tapered dielectric rod antennas and their corresponding feeding configurations, this design
presents the potential benefit of achieving an improved gain of up to 16.85 dBi using a specific antenna length of 7.6λ0. Through careful
design optimization, we achieved impedance matching and directional radiation characteristics at a frequency of 7.3GHz. To validate
our design and assess its performance, we conducted simulations using the CST Microwave Studio. This study aims to demonstrate the
effectiveness and practicality of the proposed dielectric rod antenna with an SSPP feed.

1. INTRODUCTION

At optical frequencies, surface plasmon polaritons (SPPs)
are electromagnetic excitations that occur in a two-

dimensional manner at the interface between metal and a
dielectric material. These excitations enable precise control
and manipulation of light on a nanometre scale, offering
substantial advantages in the platform of nano-optical devices
and facilitating highly sensitive optical measurements. The
remarkable confinement capability of SPP and the manip-
ulation of light at sub-wavelength scales within nanoscale
metallic structures have paved the way for a wide range of
futuristic communication applications involving the devel-
opment of nanophotonic devices. The free electrons in the
metal, along with the surrounding electromagnetic fields, leads
to intense field confinement at the metal/dielectric interface.
Extensive theoretical and mathematical analyses have been
conducted to explore the underlying principles of nano-optical
devices and optical waveguides [1–4]. The advancements in
sub-wavelength optics have disclosed a wide range of appli-
cations for SPP. These applications encompass a wide range
of fields, such as super-resolution imaging, on-chip optical
integrated circuits, bio-photonics, microscopy, data storage,
photovoltaics, graphene-based devices, photolithography,
molecular sensors, photocatalysis, thin-film solar cells, and
resonant waveguide gratings [5–11].
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To advance the progress of integrated circuits and devices
operating in the microwave and terahertz frequency ranges, re-
searchers have explored the utilization of SPP at lower fre-
quencies. However, metals act as perfect conductors in these
frequency regimes, and they cannot support SPP. To address
this limitation, plasmonic metamaterials [12–15] have been
proposed to enable the realization of SPP at lower frequen-
cies. The geometrical structure of the metallic surface was tex-
tured to enable a more profound interaction between the elec-
tric field and metal. Due to their inherent 3D geometries, they
face significant limitations in applications. Out of numerous
SSPP structures, the ultrathin corrugatedmetallic strip structure
with single- and double-periodic grooves stands out as highly
promising, due to its straightforward planar design [16, 17].
However, operating microwave SSPP devices independently

presents challenges due to inefficiencies in signal feeding and
extraction. Typically, they must be integrated with conven-
tional microwave circuits, primarily composed of transmis-
sion lines. Consequently, there is a need to efficiently convert
guided waves into SSPP. Several investigations, as reported
in works [18–20], have addressed the conversion from trans-
mission lines to plasmonic devices. In work [18], corrugated
grooves are utilized to establish a conversion mechanism be-
tween coplanar waveguide (CPW) and SSPP devices. Build-
ing upon this, work [19] extends the conversion approach, with
grooves protruding from the inner conductor of CPW rather
than being inlaid within it. Both studies employ an exponen-
tial Vivaldi slot line for the conversion process. In contrast,
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work [20] explores an alternative approach, confining the SSPP
wave between two corrugated metallic strips in opposite direc-
tions, with electromagnetic energy coupled to it via a back-end
microstrip featuring a circular metal plate. Despite these ad-
vancements, current SSPP devices still exhibit imperfections.
In works [18] and [19], the Vivaldi slot proves indispensable,
posing complexity due to its design parameters. In work [20],
the necessity of a bottom microstrip layer for electromagnetic
energy coupling and an air hole at the input end of the upper
slot line further complicates design and renders it impractical
for microwave integrated circuits. In work [21] to mimic SPP
in microwave frequency range, the concept of spoof SPP on
ultrathin and flexible corrugated metallic strips has been intro-
duced and developed. The design schemes for both passive and
active devices transition to SSPP systems are respectively out-
lined.
These SSPPs offer benefits such as lightweight construction,

conformability, low profile, and seamless integration with con-
ventional microwave circuits. Several microwave systems uti-
lizing SSPP are highlighted. Pendry et al. explored the re-
markable capability of engineering surface plasmons across a
broad range of frequencies. They demonstrated the ability to
manipulate and direct radiation at surfaces, providing control
over electromagnetic interactions within a wide spectral range.
The use of highly conductive structured surfaces and metals
controls the size and spacing of the holes to create designer
surface plasmons. Although they succeeded in creating sur-
face plasmons, they were unable to achieve the generation of
SSPP [22]. Another study by Hibbins et al. investigated the
pronounced localization of the electric field at the interface,
as well as the curvature of the light line, known as dispersion
curve. However, they did not observe the propagation of the
SSPP along the interfaces [23]. Rusina et al. introduced peri-
odic grooved structures that supported SSPP of a certain width
and depth, placed in a dielectric material. Optimized parame-
ters of the structure enable the effective guidance and confine-
ment of light in THz fields [24]. Gao et al. designed an ul-
trathin dual-band plasmonic waveguide that supports two de-
signer SSPPs. Conventional methods for feeding microstrip
lines encounter challenges such as radiation losses, crosstalk,
and mutual coupling, resulting in signal integrity concerns and
imposing limitations on the overall performance of microwave
systems. SSPP technology offers a solution to this problem by
providing high confinement through wave manipulation at the
sub-wavelength scale [25].
The utilization of SSPP-based feeding presents several ad-

vantages. Firstly, the SSPP design offers superior compact-
ness compared to microstrip design. Additionally, they facili-
tate gain enhancement through strong field confinement. More-
over, SSPP affords tuneable properties by adjusting geometric
parameters, enabling the optimization of resonance frequency
and gain. Manufacturing SSPP devices is simple and cost effec-
tive. Spoof surface plasmon polaritons are artificially designed
structures and plasmonic metamaterials. By mimicking the
SPP propagation into the microwave and terahertz frequencies,
spoof surface plasmon polaritons are introduced, which are usu-
ally generated with periodic subwavelength grooves, holes, etc.
Zhang et al. proposed an efficient transition structure for trap-

ping surface plasmon waves. This structure involves gradient
corrugated grooves with an under-layer ground, which facil-
itates the conversion of the microstrip line to the SSPP mode.
Corrugated grooves, consisting of uniform-width stubs with pe-
riodicity, enable the creation of SSPP devices. In these devices,
plasmonic metamaterials contain grooved surfaces that mimic
surface waves in the microwave/THz frequency range, a tech-
nique known as “spoofing” [26]. Investigations [27–29] have
demonstrated that a unit cell graph contains a linear relation-
ship between the frequency and propagation constant, with the
dispersion of the straight line increasing as the groove height
increases. Chaparala and Tupakula successfully employed an
SSPP structure by adjusting the width of its corrugated grooves
from 1mm to 2mm [30]. All dimensions of the SSPP waveg-
uide remained constant [26], except for the groove width (p-a),
which was adjusted from 1mm to 2mm. This change proved
to be an effective feeding mechanism, resulting in an enhanced
gain, increased by approximately 0.83 dBi compared to the ex-
isting design with a 1mm width [30]. This adjustment spans
from h1 to h7 on both sides and is then subjected to simulation.
To implement the waveguide, a dielectric substrate of FR4 ma-
terial with a thickness of 1.6mm was used. The copper layer
used in this experiment had a thickness of 0.035mm with FR4
epoxy having a dielectric constant of 4.3.
As wireless devices continue to expand their frequency spec-

trum, the significance of antenna bandwidth has become in-
creasingly important. This has led to growing interest in in-
vestigating ultra-wideband (UWB) antennas, which provide
a wide impedance bandwidth. Several types of UWB an-
tennas are commonly used, including log-periodic antennas,
bow-tie antennas, spiral antennas, tapered dielectric rod anten-
nas, and conventional transverse electric and magnetic (TEM)
horn antennas. Among them, planar tapered dielectric rod
antennas [31–38] are well-regarded for their ability to gener-
ate higher gain and greater radiated power than other anten-
nas of the same length. These antennas also exhibit supe-
rior impedance matching, have significant potential for packing
multiple elements, and experience reduced losses.
This work presents a patch-fed dielectric rod antenna based

on the research conducted by Ghattas et al. Compared with
conventional tapered dielectric rod antennas, this configuration
exhibits higher gain capabilities. Numerous feeding techniques
have been explored for dielectric rod antennas for various ap-
plications. These techniques include a patch-fed dielectric rod
antenna for dual-band applications [31], a dielectric rod antenna
fed by a rectangular waveguide for photo mixer-based terahertz
sources [34], optimal feeding of dielectric rod antenna arrays
using photonic crystal waveguides [33–35], and excitation of a
planar horn antenna and patch antennas with an SSPP waveg-
uide [36–39]. Employing the microstrip patch feeding tech-
nique leads to increased losses, which may affect the gain lev-
els of the rod antenna. However, this is not suitable for high-
frequency applications. To counteract this challenge, we intro-
duced the SSPP feeding technique. This technique supports the
propagation of high-frequency surface plasmon waves along a
metal surface within a structure made with periodic grooves.
Hence, the conversion of the quasi-transverse electric and mag-
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netic waves of the microstrip line feeding into SSPP waves was
realized within the microwave frequency spectrum.
The key advantage of the SSPP feeding technique lies in its

ability to significantly reduce reflections, thereby enabling high
gain. The aim of this study is to propose a novel antenna feed-
ing structure by eliminating the patch-fed antenna excitation
and applying SSPP feeding element to the rod antenna. Alter-
native structures, such as a 1/4 impedance transformation mi-
crostrip line or a microstrip CPW structure, can also be utilized.
However, these methods do not effectively shift the operating
frequency of the rod antenna from the millimetre waveband to
a lower range. The unique advantage of SSPP feeding lies in
its ability to achieve this frequency transition, demonstrating
its superior efficacy in adjusting the operational bandwidth of
dielectric rod antennas. The objective is to achieve a higher
gain and better impedance match than those reported in exist-
ing studies [35–43].
The structure of the paper is organized as follows. Section 1

provides an introduction to the study. Section 2 discusses the
geometrical properties of the feeder and presents an analysis of
the dispersion graph. Section 3 covers the simulation studies
and the optimization of the proposed SSPP-fed dielectric rod
antenna. Finally, Section 4 presents the experimental results
and compares them with the simulated outcomes.

2. FEEDER GEOMETRICAL PROPERTIES
This paper introduces and showcases an SSPP waveguide tran-
sition structure and its use as a feeding mechanism for the
dielectric rod antenna. Fig. 1 illustrates the fabricated SSPP
waveguide structure, while Fig. 2 shows the S parameters of
both the simulated and measured characteristics of the SSPP
waveguide. The designed waveguide structure consists of gra-
dient grooves with heights ranging from 0.5mm to 3.5mm, fa-
cilitating the conversion of guided waves to SSPP.

FIGURE 1. Fabricated device of a spoof surface plasmon polaritons
waveguide.

Figure 2 shows the simulated and measured characteristics
of the SSPP waveguide. In the simulated S-parameter charac-
teristics in Fig. 2, the reflection coefficient S11 is represented
by a black line, falling below −10 dB in the frequency range
of 1–10GHz. This indicates a high degree of optical confine-
ment and impedance in the SSPP waveguide structure. In the
following section, a comprehensive analysis of the patch-fed
dielectric rod antenna is presented.
To achieve highly efficient and low-loss transitions, it is es-

sential to convert the quasi-transverse electromagnetic (QTEM)
mode of the microstrip to the TM modes while ensuring align-
ment in polarization, momentum, and impedance. The transi-
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FIGURE 2. Simulated and measured characteristics of the SSPP waveg-
uide structure.

tion design, which enables the conversion of the microstrip’s
guided mode to the slow-wave spoof SPP surface mode, is a
key to this process. This matching is smoothly accomplished by
gradually altering the height of the grooves, facilitating a seam-
less transition between the TEM wave and slow-wave mode.
Fig. 3(a) illustrates the design of this mode converter, where the
groove heights increase from h1 to h7. As depicted in Fig. 3(b),
the yellow curve represents the freely propagating wave vector
(k0), while themaroon curve denote thewave vector (ky) for the
SSPP cells. As the groove height increases, the wave vectors
gradually transition from k0 to match ky . It demonstrates the
momentum conversion at microwave frequencies, highlight-
ing the smooth transition of the wave’s momentum through
the mode converter. Fig. 3(c) depicts the unit cell structure of
the designed SSPP waveguide, with dimensions W = 3mm,
a = 4mm, p = 5mm, and h = 4mm. Fig. 3(d) shows that the
dispersion curve for SSPP (ky) significantly diverges from the
light line (k0), indicating a momentummismatch between these
wave vectors. Therefore, achieving a highly efficient and low-
loss transition requires a mode converter and matching section
that align polarization, momentum, and impedance.

3. SIMULATION STUDIES AND OPTIMIZATION
Figure 4 shows a schematic of the patch fed rod antenna dimen-
sions with a specific rod length. The design features a dielectric
rod antenna constructed from FR4 material, with a thickness of
1mm and a relative permittivity of 4.3, along with a copper
patch section with a thickness of 0.04mm. The antenna was
fed with a rectangular patch measuring 3× 3mm. L1, L2, and
L3 represent the lengths of the dielectric rod antenna along the
z-axis, while D1 and D2 denote the dimensions along the x-
axis. To enhance the gain, the top and bottom portions of the
dielectric rod were tapered along the y-axis with lengths D3

and D4, where D3 equals 0.08λ0, and D4 equals 0.28λ0. This
tapered section enhances the antenna’s gain. The dimensions
of the solid uniform sections of the dielectric rod antenna are
provided in Tables 1 & 2. Each element and its dimensions

TABLE 1. Optimized measurements of the antenna.

L1 L2 L3 D1 D2

λ0 6λ0 0.6λ0 0.2λ0 0.6λ0
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(a)

(b)

(c)

(d)

FIGURE 3. (a) and (b) Gradient grooves for mode conversion and momentum matching from guided mode to SSPP mode. (c) and (d) SSPP unit cell
structure and dispersion graph related to the grove height (h) of 4mm.

FIGURE 4. Simulated design of a patch-fed dielectric rod antenna dimensions representing the total rod length and diameter of tapering sections.

TABLE 2. Tapered rod section.

D3 D4

0.08λ0 0.2λ0

were determined to be optimal, ensuring that discrete varia-
tions in steps occurred across the length of the middle rod L2,
ranging from 2λ0 to 7λ0. This process aims to enhance gain
through optimization. The dimensions are optimized such that
the considered rod antenna, fed by the patch antenna, exhibits

maximum gain. The response of the antenna was meticulously
recorded through simulations in the frequency range of 56 to
65GHz. Extensive simulations in the 56–65GHz range con-
firmed impedance matching and optimized gain at 59.3GHz.
Fig. 5 shows the reflection coefficient comparison of single
patch and dielectric rod. Using a rod, the single patch achieves
an improved impedance match. Fig. 6 demonstrates the gain
of the patch-fed dielectric rod antenna, which is 8.13 dBi at
59.3GHz.
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FIGURE 5. Reflection coefficient (S11) comparison for single patch and
dielectric rod without SSPP feeding technique.

FIGURE 6. The gain of the patch-fed dielectric rod antenna at 59.3GHz.

FIGURE 7. The novel feeding structure of the dielectric rod antenna with SSPP waveguide feeding.

(a)

(b)

FIGURE 8. Distributed (a) E field and (b) H field radiation for designed
SSPP-based dielectric rod antenna at 7.2GHz.

(a)

(b)

FIGURE 9. The fabrication samples of (a) front, (b) back view of the
SSPP-fed dielectric rod antenna.

By utilizing the SSPP waveguide structure, the dielectric rod
antenna was successfully operated within the low-frequency
band. Remarkable results were achieved by integrating the
SSPP waveguide with an mm-wave band dielectric rod antenna
in the 1–10GHz range. In the initial setup, the dielectric-rod an-
tenna was fed using a microstrip patch antenna. In this study,
an SSPP feeding technique was employed to excite the dielec-
tric rod antenna without a patch. The corresponding simulation
results were obtained at a frequency of 7.2GHz. All dimen-
sions were the same as those previously described. To achieve
the proposed configuration, the patch section was removed, and
feeding to the rod antenna was directly provided from the de-
signed SSPP waveguide. Fig. 6 depicts the connection between

the SSPP waveguide and antenna section. Feeding was per-
formed across a single port at the end of the SSPP feeding struc-
ture. The other end of the SSPP feeder was connected to the
load made up of the rod antenna, as shown in Fig. 7. Addi-
tionally, Figs. 8(a) & (b) display the distributedE- andH-field
radiation of the designed SSPP-based feed of the dielectric rod
antenna at a simulated frequency of 7.2GHz. The feeder pro-
duces confined electromagnetic waves with the ability to stim-
ulate a dielectric-rod antenna. These waves propagate along
the x-axis, whereas the field becomes concentrated along the
z-axis. Fig. 8(b) clearly shows that SSPP supports magnetic
field distribution to stimulate the rod antenna over electric field
distribution.
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(a) (b)

FIGURE 10. SSPP Rod antenna. (a) Measurement ofS-parameters with VNA.
(b) Testing SSPP Rod antenna in Anechoic Chamber.

FIGURE 11. Gain of the SSPP fed dielectric rod antenna at
7.2GHz.

4. EXPERIMENTAL CHARACTERIZATION AND RE-
SULTS
Figure 9 illustrates the fabricated sample displaying both the
front and back sides of the proposed antenna. The fabrication
procedure for the proposed tapered dielectric rod antenna uti-
lizes milling and etching technologies with an MITS PCB elec-
tronic machine, employing low-cost materials. The materials
required for this process are copper and dielectric FR-4. This
method is both simple and cost-effective.
CST Microwave Studio was used to conduct the simulation,

while Agilent N5247A: A.09.90.02 vector analyser was em-
ployed for the measurement process. Figs. 10(a) and 10(b)
show the experimental setup of the proposed configuration.
Fig. 10(a) shows the reflection coefficient (S11) measurement
image of the designed SSPP-fed dielectric rod antenna. The
measurement image was captured during the initial connection.
Subsequent iterations led to improvement in the measurement
setup. Fig. 10(b) shows the connected SSPP-fed dielectric-rod
antenna in the anechoic chamber. Based on the simulation re-
sult presented in Fig. 11, the gain achieved was 16.4 dBi at
7.2GHz. However, during the actual measurement shown in
Fig. 10(b), the recorded gain was 16.85 dB at 7.3GHz. Hence,
the analysis of the gain in the experimental setup highlighted
a noticeable peak at 7.3GHz. Consequently, at 7.3GHz, the
measured experimental gain value of the designed SSPP-fed di-
electric rod antenna and the corresponding E- andH-plane ra-
diation patterns for the same frequency were subsequently stud-
ied. The gain of the reference antenna GREF was determined
using the Amkom horn antenna, which operates within the fre-
quency range of 1–18GHz, providing broad frequency cover-
age.
VNA calibration was performed using a 3.5 SMA calibra-

tion kit. The distance between antenna under test (AUT) and
the reference antenna is 1.5 meters. The antenna radiation pat-
tern plot indicates stronger radiation around 0◦ and 180◦, with
some discrepancies between the two patterns in the −10 dB
to −20 dB regions, likely due to measurement or environmen-

tal variations. Overall, the agreement between the simulated
and measured results validates the antenna’s design, though mi-
nor real-world effects are observed, as shown in Fig. 12(a).
The antenna’sH-plane plot at 7.3GHz also shows good agree-
ment between the simulated (red) and measured (black) radi-
ation patterns, with most energy radiated between −10 dB and
−20 dB, as presented in Fig. 12(b). Moreover, the radiation pat-
terns of the proposed configuration exhibit stability. This indi-
cates the efficacy of the suggested feeding technique in attain-
ing a high gain pattern of this nature. By employing the SSPP
feeding structure to feed the rod antenna, an adjustment was
made. This involved changing the width (W ) of the groove-
less metallic line at the top layer of the SSPP waveguide, and
the width (W ) is chosen as 3mm, precisely aligning it with the
dimension (L3 = 0.6λ0) of the lower rod antenna. This ad-
justment resulted in an improved impedance match. Although
there was a slight frequency deviation resulting from the mea-
surement error due to mismatch, the simulated (7.2GHz) and
measured (7.3GHz) reflection coefficients (S11) generally ex-
hibited good agreement. The mismatch between simulated and
measured S parameters arises due to differences in the bound-
aries between simulated and measured responses. The load-
ing effect in the measurement setup differs significantly from
that in the simulated case. The precision of the vector net-
work analyser, along with the particulars of the measurement
setup, crucially influences the accuracy of the measured val-
ues, particularly in determining return loss. In both the sim-
ulated and measured plots of the proposed configuration, the
signal strength’s reflection coefficient consistently stays below
−10 dB within the 5 to 8GHz bandwidth range. Fig. 13 depicts
the results for both patch-fed and SSPP-fed configurations of
the rod antenna. Compared to the patch-fed configuration, the
SSPP feeding reduces the operating frequency range from 56–
65GHz to 1–10GHz. The reduction in the operating frequency
of the dielectric rod antenna when it is fed with the SSPP-based
method is attributed to the principle of SSPP. SSPPs mimic
high-frequency waves, enabling their propagation at lower fre-
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FIGURE 12. (a), (b) Represent the E andH plane patterns of the dielectric rod antenna fed by the SSPP.

FIGURE 13. Comparison of significant results for the rod antenna without SSPP and with SSPP.

quencies. This clearly justifies the observed shift in the dielec-
tric rod antenna’s operational frequency to lower bands when
SSPP feeding is applied. Natural SPPs are surface electromag-
netic waves that travel along the interface between a conductor
and a dielectric, tightly bound to the surface. They exist at op-
tical frequencies. SSPPs are artificially engineered versions of
SPPs that can propagate at much lower frequencies, such as mi-
crowave or terahertz, by structuring the surface of the metal.
Figure 14 shows the resulting S11 parameters of SSPP con-

figurations, both with and without the rod. The curve represent-
ing SSPP fedwith the rod demonstrates a broader bandwidth for
impedance matching than the curve without the rod. Fig. 15 il-
lustrates the frequency-dependent variations of the gain curve
for the dielectric rod antenna fed by SSPP. The observed gain
exhibited a linear relationship with the frequency. The exper-
imental plot closely resembles the simulated one. In Fig. 16,
the Voltage Standing Wave Ratio (S) is observed to decrease to
approximately 1.31 at 7.2GHz, closely matching the theoreti-
cal value of S = 1.39. A comparison of improvements for the
proposed configuration and those of recently published works

is reported in Table 3. The entries listed in Table 3 represent
previously published studies cantered around diverse feeding
mechanisms for the designed antennas operating across various
frequencies. All the studies have a common objective of en-
hancing gain with improved impedance matching. In compar-
ison, the current configuration with SSPP is capable of tightly
confining the EM wave. Hence, optimal gain is achieved with
decent impedance matching as evidenced by the outcomes. No-
tably, other feeding approaches such as coaxial line feed and
planar feed methods have their limitations. Coaxial line feed
poses challenges in modelling due to the need for substrate per-
foration, while planar feed methods are more suitable for arrays
where interactions between elements and feed lines are preva-
lent. A drawback associated with coplanar waveguide (CPW)
feeding is the limited comprehension within the microwave de-
sign community regarding its practical application.
Advantages of the proposed design over existing literature:
1. Simplified structure: The proposed structure offers a more

straightforward design than 1/4 impedance transformation mi-
crostrip line or a microstrip CPW structure [35–43].
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TABLE 3. Comparison of research work with existing methods.

Ref. Feeding source (f0)GHz Gain (dBi) S11 (dB) Antenna length Bandwidth (%)

[35] Photonic crystal - 13.5 dBi - λ0/2 -

[36] SSPP 6.7GHz 8.43 dBi −21 dB 2λ0 6.4–6.6GHz (0.07)

[37] Horn 9.9GHz 8.15 dBi −25 dB 5λ0 6.5–10.4GHz (46)

[38] SSPP 30GHz 6.8 dBi −18 dB 6.08× 4.51mm 4.2–6.5GHz (43)

[39] SSPP 26.18GHz 6.1 dBi −28.8 dB 8.3× 2mm 27.9–30.5GHz (8.82)

[40] Co axial line feed to DRW 27GHz 14 dBi −26 dB 0.11λ2
0 17.9–44.1GHz (84.5)

[41] Planar feed DRA 16.4GHz 16.5 dBi −40 dB 6.5λ0 12–16.3GHz (29.9)

[42] Plasmonic WG 225THz 12.5 dBi −28 dB 12.78λ0 (32.55)

[43] DRA + slot 7.6GHz 14 dBi −28 dB 19.3mm 7.5–9.3GHz (21.35)

[This work] SSPP 7.2GHz 16.4 dBi −36.3 dB 7.6λ0 5.4–8.2 GHz (38.8)

FIGURE 16. Simulated VSWR result of the proposed configuration.

2. Lower operating frequency: Due to the implementation of
SSPP feeding, a dielectric rod antenna, which originally oper-
ated in the millimetre waveband, has been adapted to function
within a lower frequency range of 1–10GHz.
3. Enhanced gain: The proposed structure demonstrates im-

proved gain over existing designs [35–43].

4. Improved impedance match: The reflection coefficient
(S11) of the proposed design shows enhanced matching com-
pared to existing designs [35–43].
5. Cost effectiveness: It offers cost advantages in produc-

tion, maintenance, and implementation, potentially leading to
significant savings.
Limitations of the proposed design compared to existing lit-

erature:
1. Feeder length: The rod antenna’s feeder in the proposed

design made of SSPP has a larger length than the antenna itself.
2. Complex field interaction: Distinguishing between spe-

cific and nonspecific field interactions along the SSPP’s surface
is challenging.
This paper offers several significant benefits that contribute

to both the academic community and practical applications:
1. Advancement of knowledge: The study offers novel in-

sights into the SSPP concept, particularly in confining high fre-
quency signals to low frequency operation, as outlined in the
existing literature. It also presents a fresh perspective on the
operation of dielectric rod antennas with SSPP feeding.
2. Practical applications: The findings can be directly ap-

plied to feed high-frequency antennas operating in the mm-
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wave or optical frequency range, enabling their characteristics
to be reproduced at lower frequencies. This approach can be
effectively utilized in the design and integration of plasmonic
waveguide circuits.
3. Methodological contributions: The innovative approach

used in this research can serve as a model for future studies
investigating the potential of SSPP for feeding high-frequency
antennas, as detailed in this paper. The applied methodologies
provided specialized expertise in antenna design, material char-
acterization, and simulations using CST Microwave Studio.
4. Interdisciplinary applications: The SSPP feeding mech-

anism’s compatibility with emerging technologies, such as
metamaterials and nanotechnology, could drive interdisci-
plinary innovations in antenna design potentially leading to
next-generation antennas that integrate the best features of
various advanced technologies.

5. CONCLUSION
This work explains the design, development, and analysis of
SSPP waveguide to feed the high frequency rod antenna. The
simulations demonstrate the exceptional optical confinement of
the SSPP waveguide from mm-wave band to the microwave
frequency range. The waveguide’s geometry, as presented in
this paper, serves as the fundamental basis for developing RF
front-end circuits through the utilization of designer SPP at mi-
crowave frequencies. Additionally, this waveguide structure
is effectively used to feed the dielectric rod antenna offering
superior impedance matching and gain compared to existing
designs. The enhanced gain, improved impedance matching,
and use of cost-effective materials such as FR-4 present a com-
pelling case for high-performance, low-cost solution that revo-
lutionizes antenna technology suitable for awide range of appli-
cations in future wireless communication technologies. Despite
the limitation of a large feeder length, this design demonstrates
potential for integrating plasmonic waveguide circuits. Conse-
quently, researchers can explore integrating multiple plasmonic
devices for various applications using the technique presented
in this work.
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