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ABSTRACT: This article presents a compact multi-band microstrip patch antenna designed for 5G, Ku, and K-band applications. The
antenna operates at 3.5GHz and 15.6GHz, supporting 5G communications (3.3–3.6GHz) and satellite applications (15.6–20GHz). Fab-
ricated on an FR4 substrate (εr = 4.3, tan δ = 0.025) with dimensions of 13× 10× 1.6mm3 (0.15λo × 0.12λo × 0.02λo), where λo

represents the wavelength at the lower frequency of 3.5GHz, the antenna achieves return losses of−19 dB and−39 dB at the respective
frequencies, with peak gains of −2.8 dBi and 3.7 dBi. The design’s consistency is validated through a comparative analysis with recent
studies. The antenna was placed near the ear and mouth area of a human head phantom model to perform a comprehensive SAR analysis.
SAR analysis confirms compliance with safety standards, maintaining SAR levels below 2W/kg. The proposed design demonstrates
promising performance for modern communication systems.

1. INTRODUCTION

Smartphones have transformed personal computing and mo-
bile communication. By combining the core functions of

traditional mobile phones with advanced computing capabil-
ities, these devices enable users to perform tasks far beyond
basic text messaging and phone calls. Featuring touchscreens,
high-resolution cameras, GPS navigation, and a wide range of
applications. Smartphones facilitate multimedia use, social me-
dia engagement, and web browsing, revolutionising how indi-
viduals interact with technology [1–4]. The evolution from ba-
sic mobile phones to advanced smartphones has been facilitated
by technological advancements, including improved connectiv-
ity options like 4G and 5G networks, extended battery life, and
enhanced processing power [5–7]. As smartphones continue to
evolve, they are becoming indispensable tools for both personal
and professional uses, enabling users to efficientlymanage their
lives from the palm of their hand.
Figure 1 illustrates that conventional mobile terminal an-

tenna designs can be categorized into loop antennas, monopole
antennas, inverted-F antennas (IFAs)/planar inverted-F anten-

* Corresponding author: Ahmed Jamal Abdullah Al-Gburi (ahmedjamal@
ieee.org).

nas (PIFAs), monopole slot antennas, and composite right/left-
handed (CRLH)-inspired antennas. Beyond these conven-
tional designs, reconfigurable antennas, particularly those with
frequency-reconfigurable capabilities, are often employed in
mobile terminal antenna development to improve impedance
bandwidth. ForMIMO applications, antennas with polarisation

FIGURE 1. Conventional antenna designs for mobile terminals.
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characteristics and programmable patterns are also receiving a
lot of research.
The accelerated advancement of wireless communication

technologies has generated an extraordinary demand for high-
performance antennas, particularly for 5G networks and fu-
ture generations. The need for compact, efficient, and scal-
able antennas has become increasingly critical as mobile de-
vices play an ever more integral role in daily life [8, 9]. Most
modern smartphones now support 5G networks, offering en-
hanced bandwidth, reduced latency, and faster speeds to enable
seamless voice calls and mobile data services, effectively meet-
ing the demands of everyday communication [10].
The growing demand for compact and efficient communica-

tion solutions has increased the prominence of patch antennas
in smartphone design. As mobile devices continue to evolve to
support advanced technologies such as 5G, integrating antennas
that deliver high performance within limited space has become
a significant challenge [11]. Printed circuit boards (PCBs)
are seamlessly integrated with microstrip antennas, which are
highly favored for their lightweight and slim profile. However,
achieving optimal performance parameters — such as band-
width, gain, and efficiency — while maintaining a compact
size presents significant design challenges. Patch antennas of-
fer several advantages, including a lightweight and low-profile
design; however, they also face technical challenges such as
impedance matching, bandwidth optimisation, and radiation ef-
ficiency. Addressing these challenges is crucial for manufac-
turers to achieve a balance between functionality and miniatur-
isation, ensuring reliable connectivity without compromising
the device’s aesthetics or performance [12, 13]. This paper ex-
plores recent advancements in patch antenna technology, high-
lighting innovative design strategies that enable seamless inte-
gration into modern smartphones while tackling these critical
challenges.
In [14], a monopole antenna is introduced that operates in

a single band (3.5GHz WiMAX) when being inactive. When
being activated, it transitions to dual-band functionality, sup-
porting Wi-Fi operating at 2.45GHz and 5.2GHz band. The
antenna’s efficiency, measured at 86%, 93.5%, and 84.4% at
2.45GHz, 3.5GHz, and 5.2GHz, respectively, demonstrates
its effectiveness across these frequency ranges. Additionally,
its directivity values of 2.13 dBi, 2.77 dBi, and 3.99 dBi fur-
ther validate its performance. The authors in [15] present an
eight-element MIMO antenna for 5G handsets, designed to op-
erate at 3.5GHz and 5.5GHz. The mutual coupling values are
maintained at−20 dB in the lower frequency band and−22 dB
in the upper frequency band. The ECC of each antenna el-
ement is less than 0.11, with radiation efficiencies exceeding
68% in the lower band and 78% in the upper band. In [16], a
monopole antenna, shaped like the numeral “3,” is proposed for
wireless laptop applications. The antenna resonates at frequen-
cies of 3.45GHz and 5.5GHz with a voltage standing wave ra-
tio (VSWR) of less than 2. The measured impedance band-
width for the lower band spans 20% (3.21–3.91GHz), while
the upper band covers 15% (5.05–5.85GHz). This design sup-
ports 5G sub-6GHz and WLAN functionality. In [17], a tri-
band Vivaldi antenna has been designed to operate at frequen-

cies of 3.8GHz, 5.2GHz, and 8GHz, offering bandwidths of
1.6GHz, 1.2GHz, and 1GHz, respectively. A compact simple
planar antenna design measuring 40 × 15 × 0.8mm3, cover-
ing 700–960MHz and 1600–5500MHz with |S11| ≤ −6 dB,
suitable for 5G terminals is introduced in [18]. In [19], the
authors utilize a flexible PDMS substrate with an impedance
bandwidth of 1.225GHz and a reflection coefficient of−37 dB.
Next, the authors in [20] develop a super-compact patch an-
tenna for ultra-wideband (UWB) frequencies. The antenna size
was 15mm × 17mm × 1.54mm, and it was fabricated us-
ing a Rogers RT/duroid 5880 substrate. In [21], the authors
present a capacitively-fed antenna design, supporting multiple
modes, covering 790–6000MHz, making it versatile for var-
ious wireless standards. The antenna in [22] combines sub-
6GHz and mmWave capabilities, allowing for the efficient use
of space within smartphones while maintaining performance
across multiple frequency bands. Lastly, researchers in [23]
discuss a single-patch antenna designed for 3.5GHz, suitable
for 5G applications, and it utilizes a DGS structure to enhance
the bandwidth from 105.1MHz to 158.4MHz.
While previous works focus on either compactness or band-

width, achieving both simultaneously without compromising
radiation efficiency remains a critical challenge. This work
addresses this gap by introducing a compact multi-band patch
antenna that optimally balances size, bandwidth, and gain.
Designed for seamless integration into modern smartphones,
the proposed antenna effectively supports 5G, Ku-band, and
K-band applications while maintaining high performance and
safety compliance.
This study presents an innovative compact patch antenna

with reliable characteristics, including multiband operation,
high gain, well-optimized radiation patterns, and a distinctive
geometric design. The proposed antenna is highly suitable for
integration into compact electronic devices, providing excep-
tional versatility for various applications, including 5G, Ku-
band, and K-band technologies. It performs operations within
two critical frequency ranges: 3.36–3.67GHz, which has a
resonant frequency of 3.5GHz, and 15.6–20GHz, which of-
fers a broad bandwidth. The antenna exhibits excellent perfor-
mance with resonant frequencies at 17.1GHz, 19.2GHz, and
3.5GHz, enabling operation across a broad spectrum, includ-
ing Ku-band, K-band, and 5G applications. Simulation results
demonstrate its effectiveness in terms of reflection coefficients,
radiation patterns, and gain within these frequency ranges. Ad-
ditionally, the study provides a comprehensive Specific Ab-
sorption Rate (SAR) analysis and investigates the impact of
various antenna parameters under different environmental con-
ditions. The proposed antenna offers a promising solution for
a wide range of wireless communication and 5G applications,
thanks to its frequency versatility and compact design.

2. ANTENNA CONFIGURATION
In this research, the antenna is designed for optimal perfor-
mance at 3.5GHz and at a frequency within the Ku and K-
bands, which are essential for 5G communication systems. It
also features a rectangular patch design. To create a super-
miniaturized multiband antenna, the developed radiating patch
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(a) (b)

FIGURE 2. (a) Top and (b) Back views of the proposed multiband antenna.

TABLE 1. Design specifications of the antenna.

Parameter Dimensions (mm)
Substrate Length, L 13
Substrate Width,W 10
Patch Length, PL 9.5
Patch Width, PW 6

Feedline Length, FL 3.5
Feedline Width, FW 1.6
Ground Length, GL 4
Ground Width, GW 10

Rectangular Upper Slot, E 2.5
Slot Length, SL 4.5
Slot Length, SW 1
Substrate Length, L 13

is structured around rectangular radiators. The antenna’s feed
line consists of a linearly tapered transmission line with low-
impedance rectangular outer surfaces that gradually transition
to a specific high-impedance level. An FR4 laminate substrate
with a thickness of 1.6mm, a loss tangent of 0.02, and a relative
permittivity of 4.3 is used to construct the compact multiband
antenna. Figure 2(a) shows the dimensional representation of
the proposed design, while Figure 2(b) presents its side view.
Table 1 provides a detailed analysis of the dimensional specifi-
cations for the proposed multiband antenna.
The substrate characteristics and resonant frequency deter-

mine the patch dimensions. The equations presented in Eqs. (1)
and (2) from [24] can be used to determine the width and length
of the patch:

W =
C

2fo

√
2

εr+1
(1)

L =
C

2fo

√
2

εr−1
(2)

This equation defines the speed of light as C, the operating
frequency as fo, and the permittivity value of the substrate as
εr. The characteristic impedance of the transmission line is the
primary factor determining the width of the feedline, typically
set at 50Ω. The feedline width can be calculated using the for-
mula provided in Eq. (3) from [24]:

WF =
2hZo

εr+1
(3)

The permittivity value of the substrate is denoted by εr, while
the characteristic impedance of the transmission line is repre-
sented by Zo. In this context, h refers to the thickness of the
substrate. The antenna undergoes simulations during the de-
sign phase using CST software to refine several parameters.

2.1. Antenna Design and Geometry
The primary configuration of the antenna design that has been
proposed is a rectangular patch placed to a partial ground plane.
We select a rectangular patch with a width of 6mm and a length
of 9.5mm during the initial design phase.
By lowering the ground plane, introducing two symmetrical

rectangular slots at the center, and positioning a horizontal slot
at the top of the patch, the standard rectangular patch is modi-
fied to operate within the 3.5GHz and 15–20GHz range, which
encompasses the sub-6GHz, Ku, and K bands. As illustrated in
Stage 1 of Figure 3, the conventional rectangular patch antenna
is initially designed to resonate at 8GHz on an FR-4 substrate.
Calculations have been performed to determine the patch di-

mensions required for the antenna to function at 8GHz and
18GHz in Stage 1. A rectangular metal conductor patch, mea-
suring 6mm × 9.5mm, is positioned on a 10mm × 13mm
FR4 substrate, shown in grey. The return loss is approximately
14 dB, and the resonant frequency is around 7.5GHz, as de-
picted in Figure 3.
Figure 3 presents the four distinct phases of the antenna de-

sign’s progression. The initial design, featuring a basic feed
structure and a simple rectangular patch, is shown in Stage 1.
The reflection coefficient curve (red line) exhibits a significant
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FIGURE 3. Evolution of sub-6GHz, Ku, and K band antennas and their reflection coefficient curves.

(a) (b)

FIGURE 4. Prototype of the proposed antenna.

FIGURE 5. Experimental arrangement for characterizing antenna S11

parameters via VNA.

drop below −10 dB, indicating that this design primarily sup-
ports a single resonant frequency at approximately 7.5GHz.
However, its bandwidth is narrow, and it is unable to effectively
accommodate higher frequencies.
The design is modified in Stage 2 to improve bandwidth by

incorporating a lower ground structure. A resonance at 3.5GHz
appears, while the reflection coefficient curve (purple line) also
displays an additional weak resonance near 17GHz. Although
higher-frequency performance remains underdeveloped, these
improvements mark the beginning of multi-band functionality.
Stage 3 introduces slots into the patch, significantly improv-

ing the performance of antenna across multiple frequencies.
The return loss curve (blue line) now demonstrates stable res-
onances at 3.5GHz, 17GHz, and 19GHz, all with reflection
coefficients at or below −10 dB. These modifications, facili-
tated by the enhanced current distribution from the slots, enable
efficient operation across sub-6GHz, Ku band, and K band fre-
quencies.
Finally, in Stage 4, the design is optimized for multi-band op-

eration through the addition of more slots and further structural
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FIGURE 6. Simulated and measured S11 (dB) characteristics of the proposed antenna across the frequency spectrum.

refinements. The reflection coefficient curve (black dashed
line) reveals resonances at 3.5GHz, 17GHz, 19GHz, and be-
yond, all of which show reduced reflection losses and strong
impedance matching. All the desired resonating frequencies
with excellent impedance matching have been successfully
achieved. In addition to the 3.5GHz range, these frequencies
include 15.6–20GHz. The 3.5GHz resonant frequency also ef-
fectively covers the required 100MHz channel bandwidth. The
antenna has achieved optimal multi-band performance, making
it highly suitable for sub-6GHz, Ku band, and K band appli-
cations at this stage. This evolution underscores the significant
influence of structural modifications on the antenna’s electro-
magnetic performance, resulting in expanded bandwidth and
improved efficiency across various frequency bands.

3. RESULTS AND DISCUSSION
The scattering characteristics, radiation pattern, current distri-
bution, and other attributes of the proposed multiband antenna
are thoroughly analyzed to assess its performance. The anten-
nas are designed using an FR4 (lossy) substrate material, which
has a relative permittivity of 4.3 and a thickness of 1.6mm. Fig-
ure 4 depicts the fabricated antenna.

3.1. S-Parameters

The reflection coefficient of the fabricated antenna was mea-
sured using a vector net-work analyzer (VNA), and extensive
electromagnetic simulations were performed using CST Stu-
dio Suite 2024. Figure 5 shows how the antenna was built up
experimentally. Figure 6 demonstrates the performance of a
multiband antenna by comparing simulation and measurement
results. Significant declines in S11 at approximately 3.5GHz,
17GHz, and 19GHz indicate effective impedance matching
and efficient power transfer at these resonant frequencies. The
antenna’s suitability for multiband applications is validated by
the strong correlation between simulation (red curve) and mea-
surement (black curve) data, with S11 values falling well below
−10 dB at the resonant points. Minor discrepancies, particu-
larly at frequencies exceeding 17GHz, may be attributed to fab-

rication inaccuracies, material property variations, or measure-
ment setup constraints. The antenna’s narrowband behaviour
within each frequency range further confirms its multiband
functionality. Overall, the findings validate the antenna’s ef-
fectiveness for wireless communication systems, though minor
refinements to the fabrication or measurement processes could
improve the alignment between experimental and simulated re-
sults.

3.2. Radiation Pattern
The radiation pattern of an antenna, a key performance metric,
represents its gain. Gain quantifies the energy intensity radi-
ated in a specific direction compared to an ideal isotropic an-
tenna, which emits energy uniformly in all directions. Direc-
tionality, meanwhile, describes the spatial distribution of ra-
diated energy across various directions [24]. Figure 7 shows
the radiation patterns demonstrating omnidirectional behavior
at the resonant frequencies. Figure 8 illustrates the experimen-
tal setup for measuring the antenna’s radiation pattern. Figure 9
indicates that the peak gain reaches approximately 2.443 dB.

3.3. Current Distribution
The antenna’s current distribution highlights regions of vary-
ing current density, indicating potential areas of energy absorp-
tion or radiation. This data is essential for refining the an-
tenna’s design through modifications to its dimensions or mate-
rial properties, thereby improving overall performance. Figure
10(a) illustrates a relatively uniform current distribution, with
high-intensity regions primarily concentrated around the feed-
line and specific segments of the antenna structure. This im-
plies that the antenna’s resonant behavior at this frequency is
characterized by effective energy transfer and moderate radia-
tion in these regions. Meanwhile in Figure 10(b), the distribu-
tion of current becomes more localized, with regions of high
current density evident near the antenna’s edges and slots. The
peak value at 3.5GHz is 359A/m, meanwhile at 17GHz it is
316.72A/m. This suggests that the antenna’s performance at a
higher resonant frequency is linked to stronger field interactions
and potentially greater radiation efficiency at these points.
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FIGURE 7. Radiation pattern (E andH planes) at (a) 3.5GHz and (b) 17GHz.

FIGURE 8. Antenna radiation pattern measurement setup. FIGURE 9. The gain pattern of the proposed antenna.

3.4. Compactness Optimization

The antenna’s initial purpose was to operate at 3.5GHz. How-
ever, the ground plane was subsequently reduced in size, and
numerous integrated modules were incorporated to enable the
device to support frequencies of up to 17GHz. The antenna
would have measured 539.15mm2 (0.15λ0×0.12λ0×0.02λ0)
if the design had been exclusively concentrated on 3.5GHz.

However, at the upper frequency of 17GHz, it occupies only
42.75mm2, achieving a 92.07% improvement in compactness.

3.5. Radiation Efficiency

The ability of a radio antenna to convert the received radio-
frequency power into radiated power is quantified by its radi-
ation efficiency. Material losses, dielectric properties, antenna
design, and operating frequency all contribute to this efficiency.
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Peak at 316.72 A/m

Peak at 359 A/m

FIGURE 10. Current density distribution of the proposed antenna at different frequencies, (a) 3.5GHz, (b) 17GHz.

FIGURE 11. Radiation efficiency.

High radiation efficiency results in improved signal strength,
range, and energy utilization, which is particularly crucial for
applications with power constraints. The antenna’s radiation
efficiency, recorded at 77.69%, suggests potential effects from
design limitations or material losses, as illustrated in Figure 11.

4. COMPARISON ANALYSIS
Table 2 compares the proposed antenna design with existing
works in terms of key parameters such as frequency bands, di-
mensions, substrate materials, and return loss (S11). While pre-
vious designs primarily focus on either compactness or band-
width, our proposed antenna successfully integrates both with-
out compromising performance.
Compared to [14] and [15], our design achieves a signif-

icantly smaller footprint of 13 × 10mm3, making it one of
the most compact antennas suitable for smartphone integration.
Additionally, while [15] utilizes amuch larger 140×70×6mm3

FR-4-based antenna for 5G operation, our antenna delivers
comparable return loss performance at −19 dB (3.5GHz) and
−39 dB (17GHz) within a significantly reduced form factor.
Additionally, works like [16] and [18] explore multiband opera-
tion but often require larger substrates or additional components
to optimize performance. Our antenna, however, effectively
covers 5G, Ku-band, and K-band frequencies within a single
compact structure, making it highly suitable for next-generation
wireless applications. Furthermore, many existing designs use
high-cost substrates like Rogers 5880 or RO4350B ([17] and
[22]), whereas our design achieves excellent performance using
an FR-4 substrate, which is cost-effective and widely available,
making it more practical for commercial smartphone integra-
tion. These advantages collectively demonstrate that our pro-
posed antenna provides an optimal trade-off among size, per-
formance, and cost-effectiveness. It is well suited for 5G and
satellite communication applications, making it a strong candi-
date for next-generation mobile devices.
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(a) (b)

FIGURE 12. (a) A dielectric rear cover is depicted in the antenna diagram and (b) The antenna arrangement’s configuration includes a hand and head
model.

(a) (b)

(c) (d)

FIGURE 13. An evaluation of the simulated SAR for a multiband antenna configuration with a rear cover is conducted at 3.5GHz, (a) 1 g and (b)
10 g. For 17GHz, (c) 1 g and (d) 10 g measurements.

5. SPECIFIC ABSORPTION RATE (SAR)

5.1. Performance Impact of Radiation Properties and the User's
Hand and Head
Specific Absorption Rate (SAR) quantifies the amount of elec-
tromagnetic (EM) radiation that the human body absorbs while
using a mobile phone [25–29]. Predicting the SAR value of
the proposed antenna design is crucial since it is mounted on
the back cover. Regulatory agencies, such as the Federal Com-
munications Commission (FCC) and International Commission
on Non-Ionizing Radiation Protection (ICNIRP), have estab-
lished SAR limits to ensure user safety. The FCC mandates a
maximum SAR limit of 1.6W/kg, averaged over 1 gram of tis-
sue, while ICNIRP specifies a slightly higher limit of 2.0W/kg,

averaged over 10 grams of tissue. The antenna configuration,
which includes the rear cover, is depicted in Figure 12(a).
Evaluating the SAR of the proposed antenna is critical, given

its intended use in mobile devices. As depicted in Figure 12(b),
a head phantom model is employed to measure the electromag-
netic energy absorbed by the human skull. The antenna is ori-
ented at a 65-degree angle relative to the negative vertical axis.
As highlighted in [30], the separation distance between the an-
tenna element and various body regions is a critical factor in
determining the SAR value, which is a critical aspect of this
analysis. Specifically, the antenna is replicated at a 5mm dis-
tance from the human head phantom in this study, with a focus
on the regions surrounding the ear and mandible. The orienta-
tion and location of the antenna have been meticulously opti-
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(a) (b)

FIGURE 14. The 3D radiation characteristics of the proposed antenna in Talking Mode are influenced by interactions with the user’s hand and head:
(a) 3.5GHz and (b) 17GHz.

TABLE 2. Comparison for various related works.

Ref
Operating
Frequency
(GHz)

Antenna Size
(mm3)

Substrate
Type

Gain
(dBi)

Efficiency
(%)

Return Loss
S11

[14]
2.45
3.5
5.2

40× 35× 1.6 FR-4
1.48
3.26
2.47

86
93.5
84.4

−15

−27

−14

[15]
3.5
5.5

140× 70× 6 FR-4
2.8
3.2

68
78

−23

−28

[16]
3.45
5.5

17.5× 6× 0.2 -
5.3
5.25

88.25
86.8

−24

−17

[17]
3.8
5.2
8

24.8× 40× 0.254
Rogers
5880

6.75 91
−18

−21

−22

[18]
0.7–0.96
1.6–5.5

40× 15× 0.8 FR-4
1.66
4.72

84
88

−23

−30

[19] 6.2 20× 15× 1.6 FR-4 3.5 - −38

[20] 3–12.5 15× 17× 1.548 Rogers/RT5880 −0.5 and 2.2 40 and 80 −25 and −30

[21] 0.7–6 80× 5× 4.5 - - - -

[22]
0.68-1
1.68–3

23.3–30.8
6.5× 1.51× 1.2

Rogers
RO4350B

- -
-
-

−40

[23] 3.5 40× 52× 1.2 FR-4 3.16 - −39

This work
3.5
17

13× 10× 1.6 FR-4
−7.23

2.01
20.1
70

−19

−39

mised to guarantee a realistic representation of typical utilisa-
tion conditions. Moreover, a hand phantom model is situated
at approximately 0.2mm from the ground plane of the antenna.
As shown in Figure 13, the proposed antenna design demon-

strates significantly lower SAR values, with measurements
of 0.0114W/kg (1 g tissue) and 0.00172W/kg (10 g tissue) at
3.5GHz, which are well below the FCC and ICNIRP safety
limits. This ensures minimal radiation exposure and safe oper-
ation for long-term use in 5G-enabled smartphones. Addition-
ally, the antenna configuration minimizes radiation towards the
head and hand, optimizing user safety while maintaining high
performance.

Figure 14 illustrates the antenna’s radiation patterns, incor-
porating a human head model, a hand model, and a posterior
antenna with a back cover.
A comparative analysis with existing antenna designs as

highlighted in Table 3 shows that the proposed antenna achieves
one of the lowest SAR values recorded for similar configura-
tions. This improvement results from the strategic placement of
the antenna on the device’s rear cover, optimized positioning to
reduce direct exposure, and enhanced radiation efficiency. By
achieving such low SAR values, the proposed antenna aligns
with global safety standards, ensuring a reliable and health-
conscious solution for future wireless communication technolo-
gies.
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TABLE 3. Comparison of SAR values for different antenna configurations.

References Space (mm) Power (dBm) No. of elements SAR. 1 g SAR. 10 g

[25] 5 15 1 1.25 0.31
20 NA 0.998

[26] 5 24 2 1.352 NA
[27] NA NA NA 1.423 0.3
[28] NA 24 8 NA 1.23
[29] NA NA 2 NA 0.36

[30] 5 15 2 1.18 0.963
20 1.57 1.36

Suggested work 5 15 1 0.0116 0.00257

6. CONCLUSION
This study presents a compact and innovative multi-band mi-
crostrip patch antenna, specifically designed for 5G mobile de-
vices. The antenna is highly suitable for various applications,
including telecommunications, radar systems, and multimedia
services, as it demonstrates efficient performance across the
sub-6GHz, Ku, and K-band frequency spectrums. Covering
the 3.3–3.6GHz and 15.6–20GHz bands, it is tuned to resonant
frequencies of 3.5GHz and 17GHz. Constructed on an FR4
substrate and employing a planar transmission line feed, the de-
sign combines exceptional performance with a highly compact
footprint. The measured input reflection coefficient (S11) and
far-field patterns closely match the simulations, resulting in ex-
cellent return loss characteristics achieved through parametric
optimization using CST software. The antenna’s capabilities
are further validated by its omnidirectional radiation patterns
and maximum gain values of −2.8 dBi and 3.7 dBi. Its supe-
rior performance and compact design are demonstrated through
a comparative evaluation, highlighting its potential as a versa-
tile solution for next generation 5G communication systems.
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