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ABSTRACT: This paper describes the design methodology of a compact multiband microstrip patch antenna intended for next-generation
wireless communication applications. The proposed antenna operates over seven distinct frequency bands: 1.25-1.32 GHz, 2.30-
2.44 GHz, 2.50-2.75 GHz, 2.92-3.25 GHz, 3.40-3.65 GHz, 3.70-4.23 GHz, and 4.70-6.0 GHz. These operating bands support a wide
range of wireless services, including LTE, 5G communications, Wi-MAX, ISM applications, radar systems, and broadband wireless com-
munications. Multiband performance is achieved through the incorporation of three strategically placed slits in the radiating patch, along
with a square split-ring resonator (SSRR). By adjusting the dimensions of the slits and the position of the SSRR, the operating frequency
bands can be effectively tuned. The proposed antenna occupies a compact footprint of 40 x 40 mm? and consists of a radiating patch,
a partial ground plane, and an SSRR structure. Simulation results demonstrate resonant frequencies at 1.3, 2.38, 2.66, 3.0, 3.5, 4.2, 4.9,
and 5.7 GHz. Owing to its compact size, multiband capability, and simple structure, the proposed antenna offers advantages in terms of
reduced cost, lower system complexity, and miniaturization, making it suitable for modern wireless communication systems.

1. INTRODUCTION

ith the rapid advancement of wireless communication

technologies, the demand for mobile devices capable of
operating across multiple frequency bands has increased sig-
nificantly. This trend has created an urgent need for compact
antennas that can support next-generation wireless communica-
tion systems. The proposed antenna is designed to operate over
multiple frequency bands, making it suitable for a wide range
of wireless applications, including GSM 1800, Bluetooth, Wi-
MAX, Wi-Fi/WLAN, and mid-band 5G communications.

Sub-6 GHz 5G networks offer key advantages such as high
data rates, low latency, improved reliability, and the capabil-
ity to support massive device connectivity. These characteris-
tics are essential for emerging smart technologies in areas such
as healthcare, entertainment, smart cities, and smart agricul-
ture [1-3].

Compact microstrip patch antennas are a promising solution
for 5G applications due to their low profile, ease of integration,
and compatibility with modern communication systems. They
can be readily fabricated using photolithography techniques,
enabling cost-effective large-scale production. Although con-
ventional patch antennas are limited by narrow bandwidth, re-
cent advancements in materials and antenna design techniques
have significantly enhanced bandwidth and radiation perfor-
mance. As a result, such antennas are increasingly attractive
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for 5G networks, where wide bandwidth and reliable coverage
are critical [4].

The flexibility of compact patch antennas allows their inte-
gration onto unconventional and conformal surfaces, thereby
expanding deployment opportunities in urban and industrial en-
vironments. Several techniques — such as the use of thick
substrates, incorporation of slots and slits in the radiating
patch, and implementation of partial ground planes loaded with
split-ring resonators (SRRs) — have been shown to improve
bandwidth and achieve antenna miniaturization, albeit with in-
creased design complexity. The inclusion of resonant struc-
tures in the ground plane introduces additional operating bands,
leading to a notable enhancement in overall bandwidth. Fur-
thermore, SRRs and other loading techniques enable multiband
operation and size reduction [5-6, 10, 11].

This paper presents a detailed analysis of the proposed multi-
band antenna, supported by simulation results and experimen-
tal validation of a fabricated prototype. The antenna employs
slits in the radiating patch and an SRR integrated with a partial
ground plane to achieve multiband performance. The prototype
is fabricated on an FR4 glass-epoxy substrate with compact di-
mensions of 40x40x 1.6 mm?®. The proposed antenna success-
fully covers the frequency bands required for next-generation
wireless communication systems while maintaining adequate
bandwidth, high radiation efficiency, and stable radiation pat-
terns.
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FIGURE 2. S}, of proposed (iteration 1) antenna.

2. METHODOLOGY

A novel compact monopole patch antenna featuring three asym-
metrically sized slits in the radiating element is presented. The
antenna employs a partial ground plane with an integrated
square split-ring resonator (SRR) on the reverse side of the sub-
strate. A systematic design and optimization strategy was im-
plemented to achieve high-performance characteristics tailored
for next-generation 5G and sub-6 GHz wireless communication
applications. The antenna development was conducted through
a structured, step-by-step approach, resulting in a 36% reduc-
tion in overall antenna size, as detailed in the following sec-
tions.

2.1. Antenna Design with Partial Ground Plane

The proposed iteration-1 antenna design process begins with
a comparative evaluation of full ground plane (full G.P.) and
partial ground plane (partial G.P.) configurations. Conven-
tional patch antennas employing a full ground plane exhibit
high capacitance between the feed line and the ground, which
adversely affects the resonant behaviour. In contrast, the in-
troduction of a partial ground plane reduces this capacitance,
thereby increasing the effective electrical length and shifting
the resonant frequency toward lower values. Under this config-
uration, the patch antenna transitions from behaving as a con-
ventional cavity resonator to functioning as a printed monopole
radiator.

Simulation results indicate that the performance obtained
with a full ground plane does not meet the desired specifi-
cations. By incorporating a partial ground plane, the fring-
ing fields are significantly enhanced, leading to an increase in
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the effective electrical length and enabling resonance at lower
frequencies. This approach facilitates antenna miniaturization
without compromising performance [8,9]. Furthermore, the
partial ground plane configuration improves the reflection co-
efficient and enhances the radiation efficiency of the antenna.
The proposed design was simulated, and the corresponding re-
sults are presented in Figure 2.

The initial antenna dimensions were 50 x 50 mm?, featuring a
distinctive geometry resembling a table tennis racket. Antenna
size and performance were subsequently optimized through the
introduction of three slots in the radiating patch. The optimized
antenna configuration is illustrated in Figure 1(a), while Fig-
ure 1(b) and Figure 1(c) depict the antenna with a full ground
plane and a partial ground plane, respectively. This optimized
design supports three resonant frequency bands at 2.34, 3.66,
and 4.59 GHz, with corresponding bandwidths of 370, 350, and
310 MHz.

The antenna performance was evaluated using S-parameter
analysis to examine its impedance behaviour and confirm ef-
fective input impedance matching, thereby ensuring efficient
radiation at the desired operating frequencies. The incorpora-
tion of slots resulted in notable improvements in both gain and
bandwidth. The proposed microstrip patch antenna is intended
for the operation in the low- and mid-band frequency ranges.

The first resonant band occurs at 2.34 GHz, exhibiting an
S11 value of —15.97 dB, which is suitable for applications such
as Wi-Fi (2.4 GHz), Bluetooth, and other short-range wireless
communication systems. The second resonant band appears
at approximately 3.66 GHz, with an S7; value of —32.47dB,
making it appropriate for wireless broadband services, fixed
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FIGURE 3. (a) Radiating patch. (b) Partial ground plane with SSRR (iteration 2).
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FIGURE 4. (a) R-SRR. (b) Equivalent-circuit models.

wireless access, and selected satellite communication applica-
tions within the 3.6-3.8 GHz spectrum. The third resonant band
is observed at 4.59 GHz, which is relevant for wireless commu-
nication, sensing, and radar applications.

2.2. Size Reduction and Performance Optimization of Antenna

Further optimization of the antenna design resulted in the gen-
eration of additional resonant frequency bands, thereby extend-
ing its applicability across a wider range of wireless communi-
cation systems. This enhancement was achieved by integrat-
ing a square split-ring resonator (SSRR) into the ground plane,
along with modifying the dimensions of the slits in the radiating
patch, specifically by increasing the width of the central slits,
as illustrated in Figure 3. The combined use of SSRRs and a
partial ground plane on the reverse side of the patch not only
contributes to antenna miniaturization but also enables seven
distinct resonant frequency bands, substantially broadening the
potential application scope of the proposed antenna [8—10].

While earlier studies primarily employed circular split-ring
resonators, the proposed iteration-2 antenna design adopts
square split-ring resonators to enhance electromagnetic per-
formance. This configuration allows improved control over
resonance characteristics and antenna size reduction, while
maintaining stable and reliable performance.

Split-ring resonators (SRRs) function as LC resonant circuits
when being positioned beneath the radiating patch or in close
proximity to the feed region. Their presence increases the ef-
fective inductance and slows electromagnetic wave propaga-
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tion beneath the antenna, thereby extending the effective elec-
trical length. This mechanism enables the antenna to resonate at
lower frequencies without increasing its physical dimensions.
In addition to shaping the electromagnetic field distribution,
the resonator contributes to enhanced overall antenna perfor-
mance. In microstrip patch antennas, the precise control over
the dimensions, spacing, and placement of slots allows the ef-
fective fine-tuning of key performance parameters, as well as
the modification of radiation characteristics for beam steering
and pattern shaping [8, 11, 12].

The SSRR resonance frequency is provided by Equation (1),

F = (LsCs)~Y?)2r (1)

where C's = Cyy/4 represents the series capacitance of the up-
per and lower splits of the R-SRR, respectively,

Co = 27ryC* (2

where C* represents the per-unit length capacitance between
the rings.

Figure 4 illustrates the square split-ring resonator (SSRR) ge-
ometry along with its corresponding equivalent circuit model.
The inductance Ls can be approximated by modelling the struc-
ture as a single ring and is calculated based on the average
radius and width of the resonator. The implementation of a
partial ground plane modifies the effective permittivity of the
substrate-ground interface, leading to a reduced effective per-
mittivity. This reduction enables a decrease in the physical an-
tenna size while maintaining the same resonant frequency. The
primary objective of the proposed patch design is to enhance
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FIGURE 5. Return loss of the proposed antenna .
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FIGURE 6. (a) Radiating patch view. (b) Ground plane view (iteration 3) with partial ground plane and slit.

antenna performance through optimized multiband operation
while achieving size miniaturization [13-16].

Additional resonant bands were generated through the
incorporation of ring split-ring resonator (R-SRR) structures,
producing resonances at 1.3GHz (—29.39dB), 2.37 GHz
(—14.78 dB), 2.65GHz (—27.62dB), 3.0GHz (—25.22dB),
3.49 GHz (—20.72dB), and 4.77 GHz (—25.87 dB) as shown
in Figure 5. These resonant frequencies lie in proximity to
several key wireless communication bands, enabling support
for applications such as cellular communication within the
2.3-2.4GHz and 2.5-2.7 GHz ranges, military communication
systems, and other specialized radio-frequency platforms. The
antenna incorporates a square ring split-ring resonator with an
outer dimension of 40 mm, positioned on the ground plane of
the dielectric substrate. Owing to its compact configuration,
the antenna is well-suited for space-constrained applications,
including smartphones, Internet of Things (IoT) devices,
and wearable electronics. Square ring resonators are widely
employed in microwave components such as filters, antennas,
oscillators, and sensors due to their design flexibility. A
detailed analysis revealed a noticeable downward shift in
resonant frequencies, indicating an effective antenna size
reduction of approximately 30%.

Further optimization of the antenna design was achieved by
integrating the square split-ring resonator and refining the ta-
ble tennis racket-shaped patch geometry. Additional frequency
bands were obtained by adjusting the depth and width of the
three slits on the radiating patch. The optimized antenna ex-
hibits resonances at 1.3, 2.37, 2.65, 3.0, 3.49, 4.77, and 5.8
GHz, with corresponding bandwidths of 120, 145, 160, 145,
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160, and 100 MHz. These results confirm the presence of mul-
tiple well-defined resonant modes in the S1; response, charac-
terized by low return loss, indicating good impedance matching
and efficient performance across all operating bands.

The 1.3 GHz band supports L-band satellite communica-
tion, as well as military and aviation applications. The widely
utilized 2.4 GHz band accommodates Wi-Fi, Bluetooth, Zig-
Bee, and other unlicensed industrial, scientific, and medical
(ISM) band applications. The 2.6 GHz band includes 4G LTE
Band 7 (2.5-2.69 GHz) and WiMAX services. The 3.0 GHz
band is employed in early 5G New Radio (NR) deployments
(n77/n78), while the 3.5 GHz band is a core frequency range
for 5G NR, particularly band n78 (3.3-3.8 GHz). The 4.77 GHz
band supports aeronautical telemetry systems operating in the
4.7-4.8 GHz range and, in certain regions, serves as a mid-band
extension for 5G services. The 5.8 GHz band is used for Wi-Fi
(IEEE 802.11a/n/ac/ax), electronic toll collection (ETC), and
vehicle-to-infrastructure (V2I) communication systems. In ad-
dition, the 5.2-5.8 GHz spectrum supports Wi-Fi, WLAN ap-
plications, and selected radar systems.

2.3. Inserted Slit in Partial Ground Plane

The introduction of a slit at the center of the partial ground
plane beneath the feed line significantly enhances overall an-
tenna performance by improving impedance matching and ra-
diation characteristics, as illustrated in Figure 6 (Iteration 3).
This structural modification alters both the capacitive and in-
ductive properties of the antenna due to the redistribution of
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TABLE 1. Optimized dimension of the proposed eight-band antenna.

Variable Dimensions Variable Dimensions

W 40 mm G1(Gap 1) 1.4 mm

L 40 mm G2 (Gap 2) 1.6 mm

Wi 14.38 mm G3 (Gap 3) 1.4 mm

w2 10 mm FH (Feedline Height) 7.0 mm
W3 7 mm FW (Feedline Width) 3mm

L1 21 mm L7 (Length 7) 16 mm

L2 (Length 2) 18 mm L8 (Length 8) 13 mm
L3 (Length 3) 20 mm GL (Ground Length) 8 mm
L4 (Length 4) 17 mm GW (Ground Width) 40 mm
L5 (Length 5) 15 mm SW (Slot Width) 5 mm
L6 (Length 6) 12 mm SL (Slot Length) 8 mm
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FIGURE 7. Comparative S11 with modifications.

surface currents along the slit edges, thereby generating addi-
tional resonant frequency bands.

The multiband antenna was meticulously optimized by se-
lecting appropriate parameter values to achieve superior per-
formance, including increased bandwidth, enhanced gain, and
reliable multiband operation. These parameters were precisely
tuned to ensure efficient radiation and improved impedance
matching across the newly introduced target frequency bands.
The complete antenna dimensions are summarized in Table 1.

Figure 6(a) illustrates the optimized radiating patch of the
racket-shaped antenna, featuring three unequal and asymmetric
slits. These slits, positioned along the upper and lower edges of
the patch, enable frequency shifts toward both higher and lower
bands through careful adjustment of their length and depth [19—
21]. Notably, the 2.4 GHz band benefits significantly from im-
proved impedance matching. Additionally, the introduction
of a small rectangular slit at the patch center slightly shifts
the resonant frequency of the right-hand notch. The antenna
employs a microstrip feed line, which extends from the patch
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and is straightforward to fabricate. Figure 6(b) depicts the
ground plane layout, incorporating a square split-ring resonator
(SSRR). The inclusion of the SSRR modifies the current dis-
tribution on the ground plane, generates additional resonant
bands, and enhances impedance matching. Furthermore, it in-
troduces negative permeability and increases the patch’s effec-
tive inductance, effectively slowing the wave and extending the
electrical length without enlarging the physical size. This com-
pact and frequency-selective behaviour makes SSRRs highly
suitable for microwave integrated circuits (MICs) and antenna
designs [16-18].

Figure 7 presents the S-parameters for four antenna con-
figurations, highlighting the impact of ground plane modifi-
cations. The full ground plane exhibits shallow resonances
and high reflection, indicating poor impedance matching. In-
troducing a partial ground plane (PG) produces deeper nulls,
exciting additional modes for improved matching. Adding a
square split-ring resonator (PG + SSRR) enhances null depth
and enables band-selective behaviour, while incorporating a
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TABLE 2. Parametric results of antenna.

Frequency GHz | Gain (dBi) | 3 dB Angular Beam-Width | Band Width MHz

1.3 2.65 94.2° 70

24 2.08 65.6° 140
2.6 2.15 89.5° 250
3.0 3.37 79.6° 330
3.5 2.59 65.23° 250
42 3.39 89.20° 350
4.8 3.57 89.20° 530
5.8 4.72 57.8° 1300

central slit (PG + SSRR + slit) achieves the deepest nulls and
widest bandwidths across multiple frequencies, demonstrating
precise resonance control. By optimizing the central slit depth,
eight targeted bands are realized at 1.29, 2.38, 2.6, 3.0, 3.5,
4.2, 4.8, and 5.7 GHz which is shown in Figure 8. Increasing
the SSRR spacing reduces capacitance, induces additional res-
onances, shifts bands upward, and enhances efficiency, while
the compact racket-shaped three-slit design minimizes footprint
and improves gain. This systematic optimization enables robust
multiband operation for next-generation wireless applications.

3. RESULTS AND DISCUSSION

In the first iteration, the proposed antenna was designed and
simulated using both full and partial ground planes. This stage
achieved resonances at 2.34, 3.66, and 4.59 GHz, with band-
widths of 370, 350, and 310 MHz, respectively, providing per-
formance close to the targeted frequency bands. In Iteration
2, the radiating patch was further optimized by adjusting the
depth and width of the side slits, incorporating a partial ground
plane, and adding a square split-ring resonator (SSRR). These
modifications introduced several additional resonant bands at
1.3, 2.37, 2.65, 3.0, 3.49, 4.77, and 5.8 GHz, with correspond-
ing bandwidths of 120, 145, 160, 145, 160, and 120 MHz. In
the final stage (Iteration 3), a central slit was added beneath the
feed line on the partial ground plane, creating an eighth reso-
nance while significantly improving impedance matching and
enhancing radiation performance, gain, and bandwidth.

The optimization process involved the careful adjustment of
the slit design, patch geometry, feed structure, and substrate
properties to achieve reliable multiband operation with consis-
tent impedance matching. The antenna exhibits monopole-like
behaviour with nearly omnidirectional radiation, as confirmed
by 2D polar plots and 3D radiation patterns across all eight reso-
nance frequencies (1.3, 2.4, 2.6, 3.0, 3.5, 4.2, 4.8, and 5.8 GHz)
as depicted in Figure 9. Table 2 summarizes the antenna’s per-
formance, showing an average gain of 3.3 dBi, with a max-
imum of 5.11dBi at 5.8 GHz and a minimum of 2.06 dBi at
2.7 GHz, alongside the associated half-power beamwidths and
bandwidths for all targeted frequencies.

Analysing the radiation pattern allows the determination of
key parameters, such as gain, directivity, beamwidth, and side
lobe levels, providing insight into the antenna’s radiation effi-
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ciency and the directions of maximum emission. The proposed
antenna exhibits monopole-like behaviour, delivering bidirec-
tional radiation in the elevation plane and nearly omnidirec-
tional radiation in the azimuth plane. Conducting a parametric
analysis is essential for optimizing patch antenna designs, en-
suring stable performance across the targeted frequency bands
and confirming the antenna’s suitability for next-generation
wireless communication applications [22-24].

The surface current distribution on both the radiating patch
and ground plane provides critical insight into the antenna’s ra-
diation mechanism. Variations in current paths across differ-
ent frequencies clearly illustrate its multiband operation. Fig-
ure 10 depicts the electric surface current vectors on the loaded
patch and SSRR across the targeted operating bands. Properly
controlled surface currents enhance radiation efficiency, enable
precise frequency tuning, and optimize overall performance.

Loading elements influence current flow by introducing lo-
calized inductances or capacitances. The addition of slits ex-
tends the current path without increasing the physical size of
the patch, while the SSRR and partial ground plane redistribute
currents, enabling resonance at multiple desired frequencies for
compact designs. Narrow slits act as capacitors by creating dis-
continuities that store electrical energy, whereas longer slots
introduce inductance by elongating the current path and adding
phase delay. The three patch slits, SSRR, and partial ground
plane are strategically positioned to achieve targeted frequency
tuning and suppress unwanted surface waves, supporting multi-
band operation. Currents are strongest along slit edges and re-
gions of high electric field, where edge slots also help suppress
sidelobes, enhance beam steering, and modify radiation direc-
tion [25,26]. The antenna exhibits strong surface currents on
the radiating patch, indicating good excitation and efficient ra-
diation, as indicated by Table 3.

Radiation efficiency improves significantly with increasing
frequency. It is low in the lower bands but rises steadily at
higher frequencies, as shown in Figure 11. Small reductions in
efficiency in the mid-frequency range suggest localized reso-
nances or structural losses. Overall, the antenna achieves high
radiation efficiency of approximately 80—85% above 4 GHz, in-
dicating greater effectiveness at higher frequencies.

The maximum gain monotonically increases with increasing
frequency. At lower bands, negative gain values indicate inef-
ficient radiation and energy losses (Figure 12). As frequency
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FIGURE 8. Return loss of the proposed antenna.

TABLE 3. Frequency vs surface current results of antenna. TABLE 4. Realize gain to simulated antenna gain.
Frequency (GHz) | Surface current A/m Phase Frequency GHz | Simulated Gain (dBi) | Realized Gain (dBi)
1.3 107 0& 157.5 1.3 2.65 1.32
2.38 122.7 292 & 56.25 2.4 2.08 1.5
2.66 99.01 292 & 56.25 2.6 2.15 1.2
3.0 128.2 191 & 56.25 3.0 3.37 2.67
35 117.5 270 & 56.25 35 2.59 1.69
42 61.43 270 & 56.25 42 3.39 2.59
4.8 91.85 22.5 & 56.25 4.8 3.57 2.73
5.8 88.92 56.25 5.8 4.72 3.56
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FIGURE 9. (1) — 3D radiation patterns of the antenna at (a) 1.3 GHz, (b) 2.38 GHz, (c) 2.66 GHz, (d) 3.01 GHz, (e) 3.5 GHz, (f) 4.2 GHz, (g) 4.8 GHz
and (h) 5.8 GHz. (2) — 2D radiation patterns of the antenna at (a) 1.3 GHz, (b) 2.38 GHz (c) 2.66 GHz, (d) 3.01 GHz, (e) 3.5 GHz, (f) 4.2 GHz, (g)
4.8 GHz, and (h) 5.8 GHz.

rises, the gain becomes positive, reflecting improved radiation
efficiency. Minor variations in the mid-band correspond to
resonance effects, while the highest gain occurs in the upper

frequency bands, confirming superior performance in these re-
gions.
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4. ANTENNA PROTOTYPE AND IMPLEMENTATION

The fabricated prototype of the proposed antenna is shown in
Figure 13, with both front and back views clearly depicted.
The miniature multiband patch antenna was fabricated using
a milling machine, and its performance was characterized with
a Rohde & Schwarz Vector Network Analyzer (ZVH-8).
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FIGURE 12. Gain vs frequency plot.

The main advantage of a multiband antenna is its ability to
operate at several desired frequency bands using a single design
element. However, this capability introduces additional de-
sign and operational complexity, making implementation more
challenging compared to single- or dual-band antennas. The
prototype is gold-plated, not only for enhanced visualization
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TABLE 5. Summary of state-of-the-art literature for implant antenna technology.

Resonance
Reference No. | Numbers of Band Frequency Band Patch Size mm Band Width MHz Gain dB
GHz
p d 1.3,2.38, 2.66 30, 80, 160, 100. 140 265,2.06,2.1,
T . o o . .
opose Multi-band (8) ) 299, 200, 40%40% 1.6 » 0% 10, 3.71,2.59, 3.39,
antennas 3.0,3.5,4.2,4.8,5.8 350. 600
3.57, and 4.72
[5] Multiband (2) 2.45,3.6 45%x45x% 1.6 200, 290 >3 dBi
43,5.0,6.1,7.4, 68.6, 126.7, 132, 1.08, 3.23,3.36,2.77,
[6] Multi-band (6) 60x55%1.59
8.9,9.2 124.3,191.2, 530.6 3.07,4.87
[7] Multi-band (6) 2.9,4.5,4.9,5.64 25x16x1.6 200, 972, & 460 2.03,2.9,3.02,3.46
[8] Multiband (2) 2.45,2.48 35%29%1.5 256, 304 3.77,4.68
2.45,2.53, 3.86, 6.45 70, 60, 70, 410 7.31, 8.18,7.97, 10.6,
[9] Multi-band (6) e 2O 47x38x3.18
6.93,7.70 1420 5.56, 6.22
[10] Multi-band (3) 0.86, 1.43,2.6-6.8 60x 60 x4 120, 140, 4300 —926, —14, —14.2
3.2%, 3.4%, 3.33%, 1.1, 1.12, 1.15, 1.39,
[11] Multi-band (6) 1.25,1.48,1.8,2.25,2.9 | 33.7x33.7x1.6 0 00 ’
4.5%,3.1% 1.4
[13] Multi-band (4) 0.45,135,1.92,2.57 | 46.32x25x1.6 185, 151, 77, 218 4.484,2.59,3.27, 4.39
43,5.0,6.1,7.4, 68.6, 126.7, 132, 1.08,3.23, 3.36,2.77,
[19] Multi-band (6) 60x55%1.59
8.9,9.2 1243, 191.2, 530.6 3.07,4.87
[21] Multi-band (5) 1.81,3.6,4.53,5.73 70%x60% 1.6 70, 290, 680, 885 5.71,5.54,5.01,5.32

Measurement of prototype with VNA

FIGURE 13. Fabrication of the prototype sample.

but also to improve corrosion resistance and extend operational
lifespan [27, 28].

5. PERFORMANCE ANALYSIS OF MEASURED VS
SIMULATED RESULTS

The simulated antenna parameters were validated through pro-
totype measurements. Figure 14 compares the simulated and
measured S-parameters, showing excellent agreement and con-
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Comparison of S11

—— Measured S11 (dB) Simulated S11 (dB)

s11dB)

o
Frequency ( Ghz)

FIGURE 14. Plot for measured vs simulated reflection coefficients
|S11]dB values.

firming the accuracy of the design. Frequency tuning for the
targeted bands is achieved by adjusting the spacing and width of
the SSRR rings, which shifts the resonances to the desired op-
erating frequencies. Likewise, the position, depth, and shape of
the three slits on the patch significantly influence multiband op-
eration and overall performance. Specifically, reducing SSRR
ring spacing increases the resonant frequency. The plot shows
frequency versus return loss, with the red curve representing
simulated S1; and the blue curve representing measured S7;.
The close correlation demonstrates good impedance matching
and efficient power transfer across the multiband frequencies.
Minor fabrication inaccuracies can slightly alter antenna di-
mensions, causing shifts in resonant frequencies and affecting
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— Measured gain at 2.4 GHz Max = -12 @ 12° — Measured gain at 2.7 GHz Max=-12@ 127
(a) - Simulated gain at 24 GHz  Normalized Plot Max = -1.5 @ 1687 (b) — Simulated Gain at 27 GHzZ pgrmalized Plot Max = -0.2 @ 180"

2257 . ) 357

Max = -0.3 dB @ 144° d -~ Simulated gain at 49 GHz Max = -1.3 @ 156°
(C) — Simulated Gain at 3.5 GHormalized Plot Max = -1.1 dB @ 192° ( ) - Measured Gain at 49 GHz Normalized Plot Max = -1.3 @ 156°

— Measured Gain at 3.5 GHz a

(e) — Simulated Gain at 5.8 GHz Max =13.5dB @ 192"
— Measured Gain at 5.8 GHz Max =129 dB @ 156°

Normalized Plot

FIGURE 15. Simulated and measured radiation patterns at (a) 2.4 GHz, (b) 2.6 GHz, (¢) 3.5 GHz, (d) 4.8 GHz, (e) 5.8 GHz.

impedance matching. Additionally, real substrate properties — fluence results. Simulations are typically conducted under ideal
such as dielectric constant, loss tangent, and thickness — may conditions, whereas the fabricated antenna operates with a fi-
differ from those assumed in simulations. Parasitic effects from nite ground plane in a real-world environment.

the SMA connector and soldering, as well as measurement fac- Radiation patterns were measured using an antenna measure-
tors like cable losses and connector mismatches, can further in- ment system, and the E-plane patterns were compared with
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simulations. Figure 15 presents the measured 2D radiation pat-
terns at the targeted frequencies, showing excellent agreement
with simulated gain (red curve for simulated, blue for mea-
sured), with both capturing the main radiation lobes character-
istic of co-polarized emission. Table 4 compares the realized
and simulated gains. The E-field exhibits maximum radiation
normal to the antenna, while the H-field forms circular loops
around the monopole, producing omnidirectional radiation in
the horizontal plane across all targeted frequency bands [29].

6. COMPARISON WITH PREVIOUS STUDIES

A comparative analysis of the proposed antenna with previ-
ously reported designs is summarized in Table 5. Although ear-
lier patch antennas demonstrate multiband functionality, they
are generally limited by larger physical size, fewer resonant
bands, narrower bandwidths, and lower gain. In contrast, the
proposed design achieves a compact form factor while support-
ing a greater number of resonance frequencies with enhanced
bandwidth and higher gain, highlighting its superior perfor-
mance and suitability for next-generation multiband wireless
communication applications.

7. CONCLUSION

The proposed antenna features a single patch that operates
across eight distinct resonant frequency bands. Compared to
conventional designs, this multiband single-patch approach of-
fers several advantages: it reduces the overall size, elimi-
nates the need for multiple antennas for different bands, mini-
mizes hardware complexity, and ensures reliable performance.
Such antennas are particularly well-suited for applications in
Wi-Fi, Bluetooth, LTE, 5G, and IoT devices, where compact-
ness, low weight, and design integration flexibility are critical.
The antenna has been carefully optimized and fabricated us-
ing advanced techniques to meet the stringent requirements of
5G communication systems, including low latency, high data
rates, and dependable connectivity. It supports resonance at
1.3, 2.38, 2.66, 3.0, 3.5, 4.2, 4.8, and 5.7 GHz, as well as an
ultra-wideband (UWB) frequency. Covering the 1.3-5.8 GHz
range, the proposed design is suitable for satellite communi-
cations, ISM-band wireless devices, LTE/5G mobile networks,
fixed wireless access, radar, and high-speed WLAN. This work
presents the design and realization of a compact multiband an-
tenna tailored for next-generation wireless communication sys-
tems.
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