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This article presents a simple rectangular microstrip antenna for 5G applications in the 38 and 39 GHz bands. The
antenna prioritizes broad bandwidth and high gain for efficient signal transmission. It features a compact design,
printed on a Rogers RT/Duroid 5880 substrate with dimensions of 5 x 8.2 x 0.186 mm® (¢, = 2.2 and tand =

Is-Iégh-gam 0.0009) and includes two thin slits integrated with the radiating patch. This configuration achieved an
38GHz and 39GHz bands impressive 3.11 GHz impedance bandwidth, covering a broad spectrum from 37.23 GHz to 40.34 GHz. Addi-
GST tionally, the radiation gain ranges from 6.55 dBi at the band’s upper frequency to 9.03 dBi at the lower fre-
HFSS quency, with a value of 9.03 dBi at the primary operational frequency of 38 GHz. The radiation efficiency

remains nearly consistent across the operational frequencies, ranging from 86.97 % at the upper end to 88.96 %
at the lower end, with an efficiency of 88.29 % at 38 GHz. Moreover, the antenna exhibits excellent matching to
its feed, as demonstrated by the minimal value of 1.012 for Voltage Standing Waves Ratio (VSWR) and the low
S11 parameter value of -60 dB at the 38 GHz frequency. The proposed antenna was designed and optimized using
the Computer Simulation Technology (CST) simulator, while its performance was verified with the High-
Frequency Structure Simulator (HFSS). The results from both simulators align remarkably well. This antenna
design demonstrated promising bandwidth and radiation characteristics, making it well-suited for 5G

applications.

1. Introduction

The launch of 5G mobile networks marks a critical turning point in
high-speed wireless communication systems. These networks, with the
potential to revolutionize data transmission and connectivity, can
accommodate the ever-increasing demands for data required by the
mobile market. Compared to 4 G, these networks promise a jump to
much faster data speeds, ensuring ubiquitous connectivity. Neverthe-
less, there are significant challenges in network specifications and an-
tenna systems that need to be addressed to match the expanding
capacity and data rate needs [1-4].

5G communication systems employ the millimeter wave spectrum,
which offers several benefits, such as wide bandwidth, qualifying for
high-speed transfer, and low latency. In addition, less congestion in this
frequency range enhances network performance. Nonetheless, using this
frequency spectrum poses some challenges, including high signal
attenuation due to path loss, the atmospheric absorption of signals, and
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signal losses caused by rain. Moreover, the signal coverage area is
limited in this frequency region. Consequently, allocating millimeter
wave frequencies for 5G communication networks requires careful
planning to ensure reliable operation. It is also crucial to optimize
communication networks and effectively design antenna systems that
minimize signal losses and provide adequate coverage [5-9].

To address the challenges associated with millimeter-wave fre-
quencies, scholars explored the potential of microstrip antenna tech-
nology. This technology has shown considerable promise for integration
into 5G systems, both in fixed stations or mobile units, especially for
tasks like beamforming or establishing MIMO arrays [10]. This tech-
nology is well-suited for various applications due to its compactness,
lightweight, low cost, and simplicity of manufacturing [11-13]. How-
ever, they are limited by factors such as narrow bandwidth, low effi-
ciency, and modest gain. In response, researchers have proposed various
approaches, including the use of metamaterials, slot etching, integration
of slits, implementation of partial ground structures, and utilization of
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defective ground structures (DGS). These methods intend to design
microstrip antennas with broad bandwidth and directional control for
transmitting and receiving signals [14,15].

Researchers have extensively investigated microstrip antennas for
5G, particularly around the 38 and 39 GHz bands [16-28]. These studies
explore both single and multi-band designs to optimize performance.
For instance, a design that operates in the 28/38 GHz bands was dis-
cussed in [16]. This design achieved a gain of 6.6 dBi and a 1.23 GHz
bandwidth at 38 GHz. Another study proposed a monopole antenna with
triangular stubs for 28 GHz and 38 GHz operation [17]. This antenna
exhibited two bands (25.9 - 30.4 GHz and 36.4 - 40.2 GHz) with peak
gains of 4.54 dBi and 4.21 dBi, demonstrating its potential for 5G data
transmission. Another investigation [18] examined a compact, 15 x 25
x 0.25 mm?®, dual-band microstrip antenna for 38/60 GHz. This design,
utilizing a microstrip line for power and implemented on a Rogers
RO3003TM substrate (¢, = 3, tan & = 0.001), achieves significant
bandwidths of 3.2 GHz at 60 GHz and 2.0 GHz at 38 GHz. It also reported
good reflection coefficient values (—42 dB, —47 dB) and decent peak
gains (6.5 dBi, 5.5 dBi) in the two bands.

Moreover, the work in [19] investigated a design featuring an altered
circular patch alongside a parasitic element. This configuration enabled
operation in both the 28 GHz and 38 GHz bands. The structure, built on
Rogers RO3003™ substrate (e, = 3) remained compact with a size of 7.5
x 8.8 x 0.25 mm>. Within the 38 GHz band, it achieved a reflection
coefficient of —27.3 dB, a 1.06 GHz bandwidth, and a maximum gain of
5.86 dBi. The design outlined in [20] illustrated a compact antenna
specifically for the 38 GHz band. This design (12 x 12 x 0.203 mm®)
combined a circular patch integrated with a rectangular slot and
grounded by a partial plane. It achieved a good balance of properties
with a notable 3 GHz bandwidth, a reflection coefficient of —30 dB, and
a gain of 5.5 dBi.

Furthermore, the authors of [21] proposed an HP-shaped design to
cover the (36.83 - 40 GHz) range. This design, made on a 23.7 x 8.8 x
0.51 mm® Rogers RT5880 substrate, impressed with a low reflection
coefficient of around —33 dB, a good gain of 6.5 dBi, a broad bandwidth
of 3.17 GHz, and efficient radiation of 80 %. Another work [22] inves-
tigated a single-band, two-pronged fork-shaped antenna for 38.5 GHz.
This design with a 10 x 6 x 0.254 mm® Rogers RT5880 substrate,
achieved a good S;; of —30 dB, but with a trade-off of a narrower
bandwidth (<2 GHz) for a higher peak gain (7.6 dBi).

In addition, the study in [23] outlined a compact U-shaped antenna
fed by a transmission line (10 x 6 x 0.254 mm on Rogers RT5880
substrate). It achieved a good balance between bandwidth (around 1
GHz centered at 37 GHz) and gain (6.84 dBi) with a good reflection
coefficient (—20 dB). The work presented in [24] explored a rectangular
patch antenna with slits for a wide bandwidth extending from 36.65
GHz to 40.22 GHz. It achieved good reflection coefficients at the two
resonance frequencies (around —32 dB and —18 dB).

The research in [25] suggested a small structure with a rectangular
shape to work at 38 GHz. This design employed Rogers RT Duroid 5880
substrate and achieved a good balance between bandwidth and gain.
The design produced a bandwidth of 2.35 GHz centered at 38.67 GHz, a
high gain of 8.04 dBi, and an efficient radiation of almost 99 % across
the operational band. Finally, the study in [26] discussed a tri-band
antenna for the key 5G frequencies (28 GHz, 38 GHz, and 60 GHz) on
a compact substrate (8 x 8.5 x 0.508 mm?). This antenna achieved good
performance across all bands with low reflection coefficients, good
bandwidths, over 1 GHz in each band, and high peak gains, of >6 dBi. It
also maintained high radiation efficiencies throughout the operating
range.

The antenna designs referenced in [29-38] operate within the 36
GHz to 42 GHz frequency range, with several supporting dual-mode
functionality, often incorporating the 28 GHz and 26 GHz bands.
These designs include both MIMO and single antenna configurations and
employ techniques such as slots, slits, and DGS (Defected Ground
Structures) to enhance performance. Although their wide bandwidth is a
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significant strength, vital for high-data-rate communications, these an-
tennas face some limitations. Many exhibit only moderate gain and
relatively large physical sizes, which makes them less suitable for
compact or space-constrained applications.

For 5G smart devices, where space and power are limited, antennas
need to be both compact and efficient. At millimeter-wave frequencies
like 38 GHz, significant path loss occurs, making high gain crucial for
strong signal transmission and reception. The proposed antenna must be
compact enough to fit within the limited space of smart devices while
delivering adequate gain to compensate for path loss. It also needs to
support wide bandwidths to handle the high data rates required by 5G
networks. One major drawback of many designs discussed above is their
low gain, which weakens signal strength and reduces overall perfor-
mance. Additionally, their larger sizes make them unsuitable for
compact devices that are becoming more common in modern wireless
systems. Furthermore, many designs show moderate return loss, indi-
cating suboptimal impedance matching and leading to power reflection,
reducing system efficiency. Poor VSWR also affects performance in high-
frequency applications. To meet the compactness, efficiency, and per-
formance requirements of 5G networks, antenna designs must overcome
these limitations in gain, size, and impedance matching.

This study introduces a compact microstrip patch antenna measuring
5 x 8.2 x 0.186 mm?®, constructed on a Rogers RT Duroid substrate with
a relative permittivity of 2.2 and a loss tangent of 0.0009. Designed for
5G applications within the 38 and 39 GHz bands, the antenna in-
corporates two thin rectangular slits to enhance its performance. It
achieves a peak gain of 9.03 dBi, a wide bandwidth of 3.11 GHz, and
impressive reflection coefficients of —60 dB at 38 GHz and —32 dB at
39.8 dB, ensuring efficient power transfer and signal transmission. The
design and performance were validated using CST and HFSS, industry-
standard electromagnetic simulation tools based on the Finite Integra-
tion Technique (FIT) and Finite Element Method (FEM), respectively.

The remainder of this manuscript is structured as follows: Section II
offers a meticulous examination of the design methodology of the pro-
posed antenna. Section III investigates how variations in specific an-
tenna parameters influence the reflection coefficient performance.
Building upon the initial simulations, Section IV presents supplementary
data on various antenna characteristics alongside the critical verifica-
tion process using the HFSS simulator. Finally, Section V summarizes the
paper’s key achievements and outlines potential avenues for further
research endeavors.

2. The proposed design geometry

This part explores the design and optimization stages of a microstrip
patch antenna proposed for 5G applications in the 37.23 - 40.34 GHz
range, comprising the 38 and 39 GHz bands. The design employs a
rectangular patch on a Rogers RT/Duroid 5880 substrate (¢, = 2.2, tan §
= 0.0009, hs = 0.186 mm) with a full ground plane (0.043 mm thick
copper sheet) for efficient radiation within the specified band.

A meticulous three-phase design approach was implemented,
leveraging electromagnetic simulations using CST software to refine the
antenna’s performance. Initial rectangular patch dimensions were
established using existing formulas in the literature [2], considering the
target operating frequency (38 GHz), substrate properties, and the
desired size. Subsequent simulations in CST software were conducted to
fine-tune these dimensions, achieving a preliminary resonant frequency
of 37.6 GHz, close to the target center frequency.

Following the initial design, the focus shifted towards optimizing the
antenna’s reflection coefficient for a broader bandwidth and efficient
signal transmission across the band. To achieve these enhancements,
two identical thin rectangular slits were strategically integrated into the
leading edge of the radiating patch. Iterative simulations using CST
software determined the optimal slit configuration, balancing im-
provements in impedance bandwidth, resonant frequency precision, and
reflection coefficient. Fig. 1 illustrates the final design with its optimized
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Fig. 1. Geometry of the optimized proposed design.

dimensions (Ls x Ws x hs =5 x 8.2 x 0.186 mm®). The figure depicts a
microstrip transmission line (L = 1.8 mm, W¢ = 0.5 mm) feeding the
radiating element (L, x W, = 2.42 x 6.8 mm?). An inset feed with
length, Lj = 0.218 mm, and width, W; = 0.1 mm, ensures optimal
coupling between the feed line and the patch.

Fig. 2 depicts the simulated reflection coefficients (S;; parameter) for

the proposed antenna across the three main design phases. The Si;
parameter is crucial for evaluating impedance matching between the
feed line and the radiating patch, directly impacting the antenna’s
power transfer efficiency and its operational bandwidth. Additionally,
each design phase reflects the current distribution across the patch
surface, which in turn influences the antenna’s radiation characteristics.
The specific details of the design and optimization process are outlined
below:

Phase 1: The initial design featured a simple rectangular patch
configuration without any additional modifications. This configura-
tion resonated at 37.6 GHz, but the reflection coefficient was
somewhat moderate, measuring —15.97 dB with a bandwidth of
approximately 1.34 GHz, as shown in Fig. 2. Fig. 3(a) illustrates the
evenly distributed current density across the radiating element, with
the current flowing uniformly in the same direction. This contributed
to enhanced radiation performance, resulting in a high gain of
around 9.12 dBi, as depicted in Fig. 3(b and c). However, despite
these favorable characteristics, further optimization was needed to
improve impedance matching, increase the bandwidth, and precisely
tune the resonance to 38 GHz to achieve optimal performance for the
intended application.

Phase 2: In an attempt to enhance the reflection coefficient and
overall performance, a single rectangular slit was introduced along
the longitudinal axis of the radiating patch. The slit was optimized

51 1 [dB]
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Fig. 2. Simulated S;; performances for different design phases.
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Fig. 3. Surface current density and 2D radiation patterns at 38 GHz with no
slits (a) Current distribution, (b) E-Plane, and (c) H-Plane.

with dimensions of Sw = 0.2 mm and Sl = 2.02 mm, positioned 1.3
mm from the left edge (X1). Unfortunately, this modification resulted
in a further decline in the reflection coefficient, with no bandwidth
achieved for S11 < —10 dB. Additionally, the current distribution
became imbalanced. As shown in Fig. 4(a), the current was more
concentrated on the right side of the patch, while the left side
experienced reduced current density. The current flow directions
were also inconsistent, causing destructive interference between the
radiated fields, which reduced the gain to 6.94 dBi (at 6 = 00), as
illustrated in Fig. 4(b and c). Consequently, further adjustments were
required to address these performance issues.



A.S.A. Gaid et al. Results in Engineering 24 (2024) 103411

—60 dB at 38 GHz and —32 dB at 39.8 GHz, and the bandwidth
increased to 3.11 GHz, as shown in Fig. 2.

At the primary resonance of 38 GHz, Fig. 5(a) shows that the current
density is highest on the left and middle portions of the patch, with the
currents now aligned and moving in the same direction, resulting in
minimal destructive interference between the radiated fields. This
improvement in current distribution enhanced the radiation perfor-
mance, resulting in a gain of 9.027 dBi (at 6 = 0°), as depicted in Fig. 5(b
and c). Though the gain decreased slightly from 9.12 dBi to 9.027 dBi,
the substantial improvements in reflection coefficient and bandwidth

e 38 GHz (One Slit)

T

-1 -10 5 0 5

s 38 GHz.(Two Slits)

Fig. 4. Surface current density and 2D radiation patterns at 38 GHz with the
left slit (a) Current distribution, (b) E-Plane, and (c) H-Plane.

e Phase 3: To resolve the issues encountered in Phase 2, a second
identical rectangular slit was introduced, positioned 2.2 mm from
the right edge (X3) of the patch. This addition was intended to
optimize the current distribution across the radiating element,
enhancing impedance matching, expanding bandwidth, and
improving radiation characteristics. The introduction of the two slits
led to a significant improvement in the antenna’s performance. The
design now exhibited two resonant frequencies: a primary resonance

= 38 GHz (Two SiTs)

at 38 GHz and a secondary resonance at 39.8 GHz. The reflection '('SCO)
coefficient improved markedly at both frequencies, with values of

Fig. 5. Surface current density and 2D radiation patterns at 38 GHz with two
slits (a) Current distribution, (b) E-Plane, and (c¢) H-Plane.
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more than compensated for this minor loss, significantly boosting the
antenna’s efficiency and signal transmission quality.

At the secondary resonance of 39.8 GHz, Fig. 6 portrays the current
distribution and radiation characteristics. As shown in Fig. 6(a), the
current is more concentrated on the right and middle portions of the
patch, with most currents flowing in opposite directions, except for
those near the right edge of the patch and the right edge of right slit,
which aligned. The opposing currents adversely impacted the radiation
patterns, causing a reduction in gain to around 7.3 dBi, with the main
lobe skewed to the left of the boresight, as shown in Fig. 6(b and c).

In summary, through these three design phases, the proposed an-
tenna underwent critical transformations that improved its impedance
matching, expanded its operational bandwidth, and optimized its

1= 3938 GHz (Two Slits)
-120

-180

(©)

Fig. 6. Surface current density and 2D radiation patterns at 39.8 GHz with two
slits (a) Current distribution, (b) E-Plane, and (c) H-Plane.
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radiation characteristics. The final design strikes a balance between high
gain and excellent reflection coefficient, ensuring it meets the rigorous
demands of 5G communication systems.

Fig. 7 further strengthens the analysis by illustrating the input
impedance (Z17) of the proposed antenna throughout the designated
operating band. As observed in the figure, the input impedance closely
approaches 50 Q at both resonant frequencies (38 GHz and 39.8 GHz).
This indicates that the antenna is well-matched to its power feeder,
ensuring efficient power transfer and minimal signal reflection within
the antenna.

3. Study of antenna parameters

In this section, we explore how key antenna parameters like sub-
strate height, slit dimensions (length and width), and slit placement
(relative to the patch edges) affect the S;; performance of the proposed
design. By simulating how variations in these parameters influence
performance, this section aims to provide design guidelines for opti-
mizing the antenna.

3.1. Effects of varying height (hs) of the dielectric substrate

Fig. 8 highlights the critical role of varying height (hs) of the
dielectric substrate on the S1; performance of the suggested antenna. A
height of 0.186 mm is ideal, achieving resonance at 38 GHz (the primary
resonant frequency) and a good impedance match (—60 dB for S;7).
Deviations from this value degrade the performance: increasing hs leads
to a shift in resonance frequency down and reduces S;; while decreasing
hs pushes resonance frequency up and reduces Sp; too. This emphasizes
the importance of choosing the right hs for optimal resonance, band-
width, and S;; performance.

3.2. Effects of varying the width (S,,) and length (Sp of the slits

Fig. 9 examines the impact of slits’ width (Sy) on the S;; performance
of the design, identifying 0.2 mm as the optimal value for maximizing
return loss and impedance bandwidth. This width ensures efficient
signal reflection and a broader operating range, while deviations from
0.2 mm degrade the reflection coefficient and reduce return loss. Simi-
larly, Fig. 10 investigates the effect of varying slits’ length (S;). Deviating
from the optimal S; of 2.02 mm disrupts the intended resonance
behavior, shifting the resonance frequency away from the desired 38
GHz and diminishing performance within the band. This shift often re-
sults in decreased return loss, indicating poorer impedance matching,
increased signal reflection, and reduced power transfer efficiency.
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Fig. 7. The input impedance (Z1,) of the optimized antenna vs the operating

frequencies.
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Fig. 8. Effects of varying the substrate height (hs) on the S;; performance.
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Fig. 9. Effects of varying the slits’ width (S,,) on the Sq1; performance.
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Fig. 10. Effects of varying the slits’ length (S;) on the S;; performance.

Furthermore, Fig. 11 plots the reflection coefficient performance when
varying S; and S,y at the same time. The curves show that the optimal
performance is obtained for S; = 2.02 mm and Sy, = 0.2 mm. This result
confirms the results shown in Figs. 9 and Fig. 10.
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Fig. 11. Joint effect of varying S, and S; on the S;; performance.

3.3. Joint effects of varying S; and X;

Fig. 12 depicts the influence of varying the values of S; and X;
simultaneously on the reflection coefficient performances. It is clearly
noted that the optimal performance is obtained for ) = 2.02 mm and X;
= 1.3 mm.

3.4. Effects of varying the slit’s positions (X; and X3)

Fig. 13 illustrates the influence of left slit position (X;) relative to the
patch edge. An optimal X; of 1.3 mm is crucial for achieving the desired
dual resonances at 38 GHz and 39.8 GHz with good return loss values of
60 dB and 32 dB, respectively. Moving the slit away from this optimal
position will cause the resonance frequency to drift and the signal
reflection to worsen. Likewise, Fig. 14 explores the impact of the right
slit position (X3). An optimal X3 of 2.2 mm is important for ensuring the
antenna is well-matched with efficient signal reflection. Deviations from
this value may require further design adjustments to maintain optimal
performance within the band. Moreover, varying the dimensions of X;
and X3 together results in the reflection coefficient curves portrayed in
Fig. 15. From this figure, it is clearly noticed that the optimal perfor-
mance is reached when X; = 1.3 mm and X3 = 2.2 mm.

4. Simulation results: validation and discussion

The proposed structure was designed and optimized using CST
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Fig. 12. Joint effects of S; and X; on the S;; performance.
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comprehensive understanding of the antenna’s performance across its
operating bands. This section compares the various performance metrics
of the proposed antenna obtained from both CST and HFSS simulations.

4.1. The Sy; performance

Fig. 16 compares the S;; performance of the antenna as obtained
from CST and HFSS simulations. Both curves show excellent agreement:
CST achieves 60 dB return loss at 38 GHz (primary resonance) and 32 dB
at 39.8 GHz (secondary), with a 3.11 GHz bandwidth. HFSS shows 59 dB
return loss at a slightly shifted resonance to 38.1 GHz and 28 dB at 40.1
GHz, with a wider 3.3 GHz bandwidth (37.4 GHz to 40.7 GHz). These
minor discrepancies are within acceptable limits due to differences in
simulation software models. The strong overall agreement validates the
proposed antenna design.

4.2. The VSWR

Fig. 17 exhibits the VSWR characteristics from both CST and HFSS
simulations. They again exhibit excellent agreement. CST results show
VSWR of 1.012 at 38 GHz and 1.01 at 39.8 GHz, while HFSS shows 1.015
at 38.1 GHz and 1.01 at 40.1 GHz. Both outcomes indicate excellent
impedance matching with minimal signal reflection across the band. The
bandwidth for VSWR < 2 aligns with the impedance bandwidth from the
S11 parameter (< —10 dB), further solidifying the agreement between
the simulators and validating the design process and simulations.

4.3. Far-field radiation properties

Fig. 18 displays good agreement between CST and HFSS simulation
outcomes for the antenna’s 2D radiation patterns at 38 GHz and 39.8
GHz in both the E-plane and H-plane. The antenna exhibits a directional
radiation pattern with maximum power forward (boresight). The E-
plane pattern has a moderately focused beamwidth (45°), while the H-
plane has a broader beamwidth (76°). The antenna achieves a gain of
9.03 dBi (CST) and 9.3 dBi (HFSS) at 38 GHz. Similar results with
excellent agreement were observed at 39.8 GHz. This consistency
highlights the antenna’s stable performance across target frequencies.

Fig. 19 reveals radiation efficiency and gain across the operating
frequency range (37.23-40.34 GHz). Radiation efficiency stays consis-
tently high (86.97 % to 88.96 %) with a peak of 88.29 % at the center
frequency (38 GHz). Gain varies slightly, reaching a maximum of 9.03
dBi at the lowest frequency and dipping to 6.55 dBi at the highest.
However, it remains above 9 dBi at the center frequency. This suggests
the antenna directs signals most efficiently at lower frequencies within

-60 -
- em em e X, =1.1mm, X, =2.2mm
mommooe X, =11mm, X;=2mm
-70 T T T T T
35 36 37 38 39 40 41

Frequency [GHz]

Fig. 15. Joint effects of varying X; and X3 on the S;; performance.

software. To verify the results and enhance confidence in the design’s
performance, the final design was also simulated using HFSS software.
The excellent agreement between CST and HFSS simulations validates
the antenna design and reduces the risk of unexpected behavior during
fabrication. This combined approach with CST and HFSS offers a more
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Fig. 16. The simulated S;; performance over the operating band using CST
and HFSS.
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Fig. 18. 2D radiation patterns at 38 GHz and 39.8 GHz using CST and HFSS:
(a). E-plane and (b). H-plane.

the band but still maintains sufficient gain for effective transmission
across the entire operating range.

4.4. A comparison with some recent published literature

Table I provides a comparison between the antenna design presented
in this paper and several designs from recent literature. Our compact
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Fig. 19. Gain and radiation efficiency as functions of operating frequencies.

antenna design outperforms the established designs in [17-20,32,35,
38], and [39] in several key aspects. Notably, it features a much smaller
size, making it ideal for space-constrained applications. Additionally, it
demonstrates superior signal matching, minimizing power loss, and
higher gain, resulting in stronger signal transmission compared to the
reference antennas. Although its bandwidth is not the widest overall, it
still surpasses the designs in [18-20,35,38], and [39], ensuring efficient
operation over a broader frequency range. While the designs in [17] and
[32] offer wider bandwidths, our antenna’s combination of size, gain,
and reflection coefficient makes it the more appealing choice overall.
Furthermore, in terms of radiation efficiency, our design stands out, as
its efficiency remains nearly constant across the entire operating band-
width, unlike the other designs listed in Table I, where the reported
efficiencies are the maximum values at specific frequencies but decrease
across the operating band.

5. Conclusions

A compact design targeting the 38 GHz and 39 GHz bands for 5G
applications was presented in this work. To optimize the performance of
the proposed antenna, two identical thin rectangular slits were strate-
gically incorporated into the radiating patch. The antenna utilizes a
Rogers RT/Duroid 5880 substrate (er = 2.2, tan & = 0.0009, hs = 0.186
mm) due to its favorable electrical properties and is supported by a full
ground plane. The optimized design achieved a significant impedance
bandwidth of 3.11 GHz (37.23 GHz to 40.34 GHz), ensuring efficient
signal transmission across a broad frequency range within the desig-
nated band. Excellent impedance matching is evident from the low
VSWR of 1.012 and a remarkable S;; parameter of —60 dB at the pri-
mary resonant frequency (38 GHz), indicating minimal signal reflection
and maximized power transfer efficiency. The antenna exhibited
promising radiation characteristics, including high gain, making it a
strong candidate for 5G applications in the targeted frequency bands.
The design and optimization were performed using CST simulation
software, and the final design was further validated using HFSS software
to enhance confidence in its performance. While the proposed antenna
demonstrated promising performance, further research is warranted to
refine the design and achieve consistent gain across the entire opera-
tional bandwidth.
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Table 1
Comparison with the recent Literature.
Ref. [17] [18] [19] [20] [32] [35] [38] [39] This Work
fr (GHz) 28/38 38/60 28/38 38 38 28/38 27/28/33/38 28/38 38
Size (mm3) 12 x 12 x 15 x 25 x 7.5 x 8.8 x 12 x 12 x 12 x 11 x 18 x 8 x 11 x 11 x 8.88 x 8.88 x 5x 8.2 x
0.237 0.25 0.25 0.203 0:9 0.25 0.25 1.52 0.186
BW (GHz) 3.8 2 1.06 3 9.2 1.2 1.31 1.28 3.11
Gain (dBi) 4.21 6.5 5.86 5.5 7.81 8.1 8.58 7.8 9.027
S11 (dB) —-37.9 @ 38 -42 -27.3 - 30 -32 —51.16 -31 -27 - 60
Max. Rad. Eff. 96.6 89.57 @ 38 91.3 @ 38 - 94 (max) 88.8 87.75 93 88.96
(%)
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