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Abstract

Microstrip patch antennas (MPAs) are widely used in wireless communication systems
due to their low cost, compact profile, and ease of fabrication. However, their limited gain
and narrow bandwidth often restrict their applications. With fifth-generation (5G)
networks demanding compact, high-gain, and wide bandwidth antennas, this work
presents dual-band Microstrip Rectangular Patch Antennas featuring LIl-shaped and
middle slots, specifically designed to enhance gain and bandwidth for 5G mobile
communication applications. Inserting slots into a unified rectangular patch antenna led
to significant gain and bandwidth enhancements, effectively meeting the demands of 5G
Systems. The study utilizes the Computer Studio Suite (CST) for simulation, optimizing
slot dimensions to achieve the best performance. The newly designed patch antennas were
thoroughly evaluated and compared with previous microstrip patch array antenna designs
targeting the 26 GHz and 28 GHz frequency bands. The proposed antennas exhibited
substantial gain and directivity, wide bandwidth, an optimal Voltage Standing Wave
Ratio (VSWR), and high efficiency at the specified resonance frequencies. These designs
show promise in advancing the integration of 5G capabilities in hand-held devices, as the
antennas’ weight and size are significantly reduced.

Keywords: 5G, Antenna bandwidth, Antenna gain, Microstrip antennas, Slot
antennas

1. INTRODUCTION
In the period of widespread 5G network deployment, there is a pressing need for
antennas that excel in performance, fully leveraging the potential of millimeter-
wave frequencies. The frequency bands for 5G communication extend from 24.25
to 27.5 GHz, 275t029.5 GHz, 37to40GHz, and 64to71 GHz. Regional

disparities in frequency band selection exist, with China and Europe preferring
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the 26 GHz range. South Korea, Japan, and the US lean towards the 28 GHz band
for their 5G rollouts. The essence of 5G lies in achieving high data rates alongside
low-latency communication, and MPAs have emerged as promising candidates to
meet these demands. As technological progress advances, these antennas are
progressively being integrated into 5G mobile communication equipment, as
demonstrated by the research (Nafea and Khamiss, 2023).

Microstrip patch antennas, known for their compatibility with unified circuit
technology, low-profile design, compact size, lightweight, and affordability, have
become essential in many systems for wireless communication like GPS, RFID,
and portable phones. With the continuous progress of technology, especially with
the emergence of 5G applications, researchers are progressively focusing on
increasing the radiation features of MPAs to satisfy the demands of contemporary
communication networks better (Nahas, 2022a). This enhancement is often
realized through microstrip patch arrays, which offer superior performance in
beam routing, bandwidth, gain, directivity, and flexibility to precise application
necessities. Thus, they are widely preferred in many radar and communication
systems.

Nevertheless, despite their superior gain and bandwidth characteristics,
microstrip patch arrays' intricacy and enlarged size make such designs less
practical for numerous applications, especially in hand-held devices like phones.
Consequently, various efforts have been undertaken to address these challenges.

In Abdelaziz and Hamad (2019), a tri-band line-fed MPA for multi-band 5G
wireless communication applications was introduced. The design offers gains of
5.67 dB at 10 GHz, 9.33 dB at 28 GHz, and 9.57 dB at 38 GHz. In Gemeda et al.
(2021), a MPA for 5G communication networks at 28 GHz was presented. The
simulated results indicated a return loss of -38.86 dB, bandwidth of 1.046 GHz,
gain of 7.587 dB, directivity of 7.509 dBi, and radiation efficiency of 98.214%.
Similarly, in Didi et al. (2022) for 5G wireless applications, a rectangular MPA with
a rectangular slot operating at 28 GHz was presented, using the microstrip line
technology for feeding. The results revealed the antenna resonated at 27.97 GHz,
with a reflection coefficient of -20.95 dB, bandwidth of 1.06 GHz, a gain of 7.5 dB,
and efficiency of 99.83%. In Rana and Smieee (2022), a MPA operating at 28 GHz
was studied and modeled for present 5G communication technologies. The
simulation results showed a return loss of -38.348 dB, gain of 8.198 dB, VSWR of
1.02, and efficiency of 77%. In Nahas (2022a), an L-slotted super high gain MPA
was developed for 5G portable systems resonating at 26 and 28 GHz, achieving
maximum gains of 8.63 and 11.26 dB respectively. Similarly, in Nahas (2022b) an
Ll-slotted high-gain dual-band MPA was designed for 5G portable
communication devices, achieving peak gains of 8.68 dB at 26.28 GHz, and 11.23
dB at 28.54 GHz. Furthermore, in Yusuf and Ali (2024) a slotted single-band high-
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gain MPA for 5G applications was reported. The results indicated the highest gain
of 9.26 dB and directivity of 10.00 dBi at 28 GHz. With the increasing demand for
smaller sizes in hand-held devices, there is a critical need for compactly packed
microstrip patch antennas that provide remarkably high gain and wide
bandwidth. This is essential for efficiently integrating them into 5G applications
instead of using arrays.

This paper aimed to introduce a dual-band MRPA with a patch structure
optimized for operation within the mm-wave 5G bands at 26 GHz and 28 GHz.
The objective is to substantially improve antenna gain and bandwidth by
employing a more advanced slotted patch approach and conducting a
comparative analysis with previously developed microstrip patch array antennas.

1.1  Background Theory

The area of a strip of width rd@ protracted round a sphere at a constant angle 0 is
given by (2rrsin 8) (rdf). Integrating the expression for 0 values from 0 to 7
produces the area of the sphere. Hence,

Area of sphere = 4712 (1)
where 47 = solid angle protracted by a sphere.

Forthwith, the beam area or beam solid angle ), for an antenna is given by the
integral of the stabilized power pattern over a sphere

Q= J;" Jy Pa(6,0)d0 2)
Directivity (D) is calculated from:
4T
D= o 3)

where , =beam solid angle
The lower the beam's solid angle, the higher the directivity.
Gain (G) is given by:
G =kD 4)
where k = efficiency factor of the antenna (Kraus, 1997).

A MPA comprises of a radiating patch positioned on a dielectric substrate, with a
ground plane on the opposite side. Electromagnetic waves emanate from the
upper portions of the patch into the substrate, reflecting off the ground plane and
radiating into the air. Numerous shapes, including circular, elliptical, square, and
rectangular, can be used for MPA. In this study, the rectangular shape is chosen
for its easiness and widespread use, as depicted in Figure 1.
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Figure 1: A Rectangular Microstrip Patch Antenna (Deepika et al., 2017)

In microstrip patch antenna design, selecting the dielectric substrate, substrate
thickness, and resonant frequency is critical. These selections dictate many other
parameters, such as patch dimensions and feed location, which can be calculated
using equations (5-10) (Nafea and Khamiss 2023).

The width of the patch (WW},) can be written as:

_c 2
2fo | Er+1

Wy ()

where c is the velocity of free space, f, is resonate frequency, and ¢, is the dielectric
constant of the substrate.
and the effective dielectric constant (&) is given by:

-1/2
ert+1 &r—1 h
greff = 2 + 2 [1 + 12 Wp] (6)

where h is the height of the dielectric substrate
while the extension in length (AL) is given by:

()

W
(sreff+0.3)(Tp+0.264)]

(sreff—o.zss)(%w.s)

AL = 0.412h [

The length of the patch (L,) is given by:

c

2fo /€reff
while the length of the substrate (L) is given by:

Ly =6h+L, 9)

where Lo;r =

and finally, the width of the substrate (I/}) is given by:
W, =6h+W, (10)
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2. MATERIALS AND METHOD
2.1 Material
The material used in this research is CST Studio Suite Version 2018 software.
2.2 Method (Antenna Design)

This study adopts a design approach that focuses on rectangular patch antennas,
similar to Nahas and Nahas (2019); Nahas (2022b); Yusuf and Ali (2024). The
chosen antennas feature a rectangular patch with slots of LI, combinations, and
some appropriate mid-shapes to enhance better ascendance over the gain and
other radiation performance. These antennas are constructed on Rogers RT5880
substrate, with specified dimensions of 16.5 mm length, 20 mm width, and 0.508
mm thickness, along with a loss tangent (tan 0) of 0.0009 and a relative dielectric
permittivity (er) of 2.2. For additional details regarding the Rogers RT/Duroid 5880
substrate characteristics, refer to (Abdelaziz and Hamad 2019). Here, inset feeding
is utilized as the preferred technique among various feeding methods in MPAs,
aiming for optimal impedance matching between the patch and the feeding line.
The patch is 9.7 x 9.9 mm? in size and is fed via a microstrip line that is 4.75 mm
long and 0.7 mm wide 50 Q. Table 1 presents the optimum values of the inset-fed
and different slots for the dual-band antennas as depicted in Figures 2(a-c).

Table 1: Optimum values of the slots and inset-feds of the antenna design (in millimeters).

Parameter SLi SWi SL> SW:2: SLs SWs SLs SWi SILs SWs Yo Xo

(a) 0.75 1.75 5.05 0.75 490 0.85 1.00 3.70 245 120 2.12 0.58
(b) 0.75 1.75 5.05 0.75 495 0.85 0.70 4.35 3.00 3.65 2.40 0.60
(c) 0.75 1.75 520 0.75 5.05 0.85 4.00 4.20 - - 2.32 0.60
 SWa SWs  SW3 sw SWs sws SW SW4  SWa
3
i = | 7
SLor—4t 17 SL3| SLa— @ || [sLg (sLd— SLs
SWs SWa
Xo Xo= Xot=
sl | Iz‘ HIVO__| sL W HIYO — sl H HIYO ]
SW1 SW1 SWi1

@) (b) (C)
Figure 2: The design geometry of the inset-fed and slotted patch elements.
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3. RESULT AND DISCUSSION

This part details the simulation outcomes of three (3) advanced slotted
patch antenna designs intended to realize the higher gain, and wide
bandwidth in the dual 5G bands (26 and 28 GHz), simulated using CST
software. Tables 2-4 present the complete findings of the radiation
variables selected for this investigation, assessing the effectiveness of the
constructed MRPA. These variables comprise a center frequency, reflection
coefficient (Si11), VSWR, bandwidth, gain, directivity, and efficiency. The
results in Table 2 display that the proposed design 2(a) only resonated at
28 GHz.

3.1 Design featuring double LI and middle U slots

Table 2 gives the performance outcomes extracted from Figure 2(a). The
antenna performs well, considering its low Siu1 value, wide bandwidth, and
high gain in the 28 GHz band. Though, as indicated in Figure 3(a), it does
not resonate at the 26 GHz band.

Table 2: Simulated results of the design depicted in Figure 2(a)
Resonance = Returnloss Bandwidth VSWR Gain Directivity Efficiency

Frequency Si1 (dB) (GHz) (dB) (dBi) (%)
(GHz)
28.00 -44.95 1.09 1.01 10.13 11.07 92.00

Yet, improvements may be required for the gain, directivity, and efficiency
to align with the emerging design requirements for 5G. This can be attained
by integrating various centrally positioned slot elements into the dual LI-
shaped slots selected in the innovative design. Figure 3(a) displays the Su
and bandwidth, Figure 3(b) illustrates the VSWR, while Figures 4(a) and
4(b) demonstrate the gain and directivity at 28 GHz.

S-Pararﬁ BE qn'rtude in dB]
0 : 4 : : t :8 :

R N S W— S A ...... B § i TR W W—

45 . t . . 0 . .
23 24 25 26 27.265 2028.357| 29 30 kil 2 3

Frequency / GHz

Figure 3(a): Return loss (S11) and Bandwidth as functions of frequency for design

2(a).
136



Design of a High Gain Dual-Band Compact Slotted Microstrip Patch Antenna...

Vokage Standing Wave Ratio (VSWR)
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Figure 3(b): VSWR parameter as a function of frequency for design 2(a)
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Figure 4: Gain and directivity for the proposed antenna design 2(a)

3.2 Design featuring dual LI and centrally positioned L slots.

The results from Figure 2(b), summarized in Table 3, demonstrate
improvements in gain, directivity, and efficiency at 28 GHz. Specifically,
design 2(b) achieves resonance at 26 GHz with excellent VSWR, gain,
directivity, and efficiency values. Though the bandwidth is not extremely
broad in both cases, it is still deemed adequate for 5G applications. Despite
having the lowest bandwidth, the reflection coefficient value is
outstanding, as shown in Figure 5(a), remaining well below the -10 dB limit
across all designs. The VSWR, depicted in Figure 5(b), indicates good
impedance matching between the antenna and its feeding system. Figures
(6a) and (6b) demonstrate the gain and directivity at 26 GHz, while Figures
7(a) and 7(b) demonstrate the gain and directivity at 28 GHz, respectively.
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Table 3: Simulated results of the design depicted in Figure 2(b)

Resonance Return loss Bandwidth VSWR Gain Directivity Efficienc
Frequency Su(dB) (GHz) (dB)  (dBi) y (%)
(GHz)

26.24 -16.10 0.44 1.37 813  8.49 96.00
28.00 -36.46 0.97 1.03 11.16 11.88 94.00

..........................................................................

R o A — ootk : e
e | | a a L |q (8 36455) |

(
St T 7 I 5T —
;1| R, WSNRR. SR . SOV, . o R TE LT T ———
AT S T N AR | ——

3 2% 2 2% 27 2 29 20 31 2 3

Frequency / GHz
Figure 5(a): Return loss (S11) and Bandwidth as functions of frequency for design
2(b)
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Figure 5(b): VSWR parameter as a function of frequency for design 2(b)
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dB dBi
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(a) (b)

Figure 6: Gain and directivity for the proposed antenna design 2(b) at 26 GHz
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Figure 7: Gain and directivity for the proposed antenna design 2(b) at 28 GHz

3.3 Design featuring double LI-shape and centrally positioned rectangular
slots

In MPA design, simplicity is vital but can occasionally compromise
radiation performance. To improve this, design 2(c) employed a
rectangular slot positioned in the center to enhance radiation performance,
especially gain and directivity. The results in Table 4 indicate that this
design improved the antenna's radiation performance, boosting directivity
and gain at both 5G bands. Additionally, there was no compromise in
efficiency at 28 GHz despite the enhancement in gain and directivity.

When comparing the previous two designs, the bandwidth of the antenna
design at 28 GHz, which is 1.08 GHz, is greater than that gained from
design 2(b) and is deemed suitable for 5G applications. Figure 8(a) displays

the S and bandwidth parameters, while Figure 8(b) shows the VSWR.
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Figures 9(a) and 9(b) illustrate the gain and directivity at 26 GHz, while
Figures 10(a) and 10(b) show the gain and directivity at 28 GHz,
respectively.

Table 4: Simulated results of the design depicted in Figure 2(c)
Resonance Return Bandwidth VSWR Gain  Directivity Efficiency

Frequency loss (GHz) (dB)  (dBi) (%)
(GHz) Su(dB)
26.75 -22.63 0.54 1.16 8.99 9.64 93.00
28.00 -23.58 1.08 1.14 11.37 12.10 94.00
S-Parametmde in dB]
: z ; i ; i é s z a — st
S e Y v L T R B S e s
m VAR N2 s '
10 : : j : 5 ; : ; =
E | | | ; a IneEmE N
B e A O R U A B e D
: ; 5 ; 5 19 (27.048,9.9826)] |
e e o Q <‘94 F R e
25 f ! 3 ; :
3 % 2 2% 7 [27.488] 28 [28.566]29 30 3 2 x|
Frequency / GHz
Figure 8(a): Return loss (S11) and Bandwidth as functions of frequency for design
2(c)
0 Voltage Standing Wave Ratio (VSWR)
e T - T T T N N AR NN S S S
T T T RIS SRS

2 e o e T it SECEREEREEE
P I SO ... WOROOVOIOL. NN ST SO § | T TV SN S -
o R VRO . =< TR SO . e T N . SR

3 2 2 % 7 28 2 2 31 2 3
Frequency / GHz
Figure 8(b): VSWR parameter as a function of frequency for design 2(c)
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Figure 10: Gain and directivity for the proposed antenna design 2(c) at 28 GHz

3.4 Evaluation of the simulated designs with previous array antenna
designs

Table 5 presents a relative study of the performance of the three simulated
antennas with a collection of earlier published array designs from the literature.
These designs utilized array patch configurations with a resonant frequency of >
28 GHz, targeting high gain for 5G applications. The results are arranged in
descending order, highlighting the gain values for easy reference.
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Table 5: Comparison of proposed designs with different arrays at the 28 GHz

band.

References No. of Frequen Minim BW  VSW Gain Directivity Efficiency
Antennas cy (GHz) um Su1 (GHz) R (dB) (dBi) (%)

(dB)

This work Single 28.00 -23.58 114 1.08 11.37 12.10 94.00

(2¢)

(Bakry et. 4x1 28.00 -21.44 - 1.65 11.23 11.99 94.00

al., 2018)

This work Single 28.00 -36.46 097 1.03 11.16 11.88 94.00

(2b)

This work Single 28.00 -4495 1.09 1.01 10.13 11.07 92.00

(2a)

(Didi et 2x2 27078 -31.70 1.05 1.07 10.60 11.20 95.00

al., 2021)

(Didi et 1x2 28.00 -3591 1.03 143 942 9.50 99.80

al., 2023)

(Hakim et 2x2 28.00 -5400 513 1.00 831 835 98.00

al., 2020)

(Marzouk, 1x2 27946 2784 230 1.08 7.18 7.58 91.24

2020)

Based on the analysis of the results presented in Table 5, it is apparent that our
simulated antenna in design 2(c) surpasses all earlier studied antennas, showing
higher gain and directivity. Precisely, the peak gain and directivity reached
remarkable values of 11.37 dB and 12.10 dBi, respectively. Impressively, other
important parameters remain uncompromised compared to different designs,
excluding bandwidth and efficiency, which were slightly forfeited to achieve
excellent gain and directivity. Designs 2(a) and 2(b) also excel over many others in
the literature except the one published in (Bakry et al. 2018). Other metrics, like
efficiency, VSWR, and return loss, demonstrate robust performance
compared to other designs.

4. CONCLUSION

This study used various slots to design a high-gain, dual-band compact MPA
suitable for 5G mobile communication services. The primary concept was to
increase antenna gain, directivity, and bandwidth using CST software. Three (3)
slotted microstrip antenna designs were proposed, concentrating on a single-patch
configuration for operation at 26 and 28 GHz. The proposed designs, particularly
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the LI and central rectangular-slotted design, showed higher gain and directivity
than existing array designs, with peak values of 11.37 dB and 12.10 dB;j,
respectively. These values surpassed the 11.23 dB gain and 11.99 dBi directivity
achieved by (Bakry et al. 2018). Other radiation parameters like VSWR, reflection
coefficient, and efficiency also exhibited commendable performance. These
findings reveal that the proposed slotted MPA designs are compact, simple, and
cost-effective, suitable for smooth integration into handheld devices for 5G
applications.
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