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This paper presents the integration slots and Complementary Split Ring
Resonators (CSRRs) in the development of miniaturized, high-gain, dual-band
Microstrip Rectangular Patch Antennas (MRPAs) for 5G mobile communication
applications. The antennas were designed on a Rogers RT5880 substrate with a
thickness of 0.508 mm. Slots and CSRR metamaterial unit cells were integrated
into the patch and ground planes, respectively, to achieve size reduction, high
gain, and bandwidth enhancement. The design and simulation processes were
conducted using CST Studio Suite 2018. Simulated results of the best-performing
antenna showed that integrating CSRRs reduces the MRPA size by approximately
25%, from 330 mm? (16.5 x 20.0 mm32) to 248 mm?2 (15.5 x 16.0 mm?2). The
conventional MRPA antenna without slots and CSRRs resonated at 26.59 GHz
and 28.0 GHz, offering bandwidths of 0.50 GHz and 0.81 GHz, with
corresponding gains of 5.81 dB and 9.44 dB, respectively. After integrating the
slots and CSRRs, the MRPA antenna resonated at 26.75 GHz and 28.0 GHz, with
bandwidths increased to 0.52 GHz and 1.10 GHz (enhancements of 4% and 36%),
and gains improved to 9.20 dB and 11.39 dB (enhancements of 58% and 21%),
respectively. These enhancements and size reduction make the proposed slotted
and CSRR-loaded MRPA antennas suitable for millimeter-wave 5G wireless
portable devices.

© 2025 International Journal of Advanced Research in Science and Technology (IJARST). All rights reserved.

1.0 INTRODUCTION

technology advances, particularly with the advent of 5G

Over the past four decades, network communication has
advanced from 1G analog systems to 5G mm-wave
technology to meet rising wireless demands [1]. The
application of 5G is motivated by the demand for faster
data rates and low latency communication, supporting
growing mobile traffic from streaming, social media,
and data centers [2]-[3]. Recognizing the need for high-
speed wireless communication, Countries worldwide are
rapidly accepting 5G infrastructure to handle growing
mobile device usage, ensuring ultra-fast transmission,
expanded capacity, and energy-efficient networks for
smart cities, virtual reality, and autonomous vehicles
[4]-[5]. Microstrip Patch Antennas (MPAS) have
emerged as capable candidates to meet these demands
and are gradually integrated into 5G mobile
communication systems, as confirmed by recent studies

[6].

MPA antennas, valued for their discrete design,
compact size, portability, cost-effectiveness, and
compatibility with integrated circuit technology, play a
crucial role in numerous wireless communication
systems, including GPS, RFID, and cell phones [7]. As
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applications, researchers are increasingly concentrating
on enhancing MPA radiation characteristics to satisfy
the demands of contemporary communication systems
[8]. This enhancement is often achieved through slots,
CSRRs, microstrip patch arrays, etc. Introducing slots in
the patch reduces the patch size, improves bandwidth,
and helps control the radiation pattern [9]. CSRRs are
commonly used to attain left-handed meta material
properties (reduce the effective permittivity and
permeability), which leads to antenna miniaturization,
enhancing bandwidth, and improving the antenna's
impedance matching [10]. Arrays offer superior
performance in beam steering, bandwidth, gain,
directivity, and flexibility to meet precise application
requirements, so they are widely preferred in many
radar and communication systems.

However, despite the superior bandwidth and gain
characteristics of micro strip patch arrays, their larger
size, increased weight, and complexity make them less
practical for many applications, particularly in portable
devices such as smartphones, tablets, and laptops.
Consequently, significant research efforts in the
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literature focus on addressing these challenges through
two fundamental approaches: integrating slots and
employing CSRRs.

In [11], a CSRR-loaded T-shaped MIMO antenna with a
gain of 6.4 dB at 28 GHz was fabricated for 5G
vehicular and cellular communications on a
12x25.4x0.8 mm® Rogers RT substrate. In [12] a
rectangular-shaped slotted MPA using a microstrip
feeding technique was presented. It resonates at 27.97
GHz, featuring an Sy of -20.95 dB, a bandwidth of 1.06
GHz, a gain of 7.5 dB, and an efficiency of 99.83%.
Similarly, [13] analyzed an MPA for future application
in 5G at 28 GHz, reporting an Si; of -38.348 dB, a gain
of 8.198 dB, a VSWR of 1.02, and an efficiency of
77%. In [1] a 15x15x1.52 mm? high-gain CSRR-loaded
MIMO patch antenna for wireless 5G devices was
explored, achieving a realized gain of 8.65dB at 28 GHz
and 8.24 dB at 38 GHz. Furthermore, [14] uses an
artificial neural network to design a CSRR-inspired
MPA for 5G devices at sub-6 GHz. Constructed on an
FR4 substrate of 28 x 28 x 1.6 mm3, the integration of
metamaterials on the radiator enabled dual-band
operation at 3.6 GHz and 5.2 GHz, achieving gains of
5.75 dB and 6.3 dB, bandwidths of 0.7 GHz and 1.04
GHz, and efficiencies of 93.9% and 91.8%,
respectively. As the demand for compact hand-held
devices rises, miniaturized MPAs with wide bandwidth
and high gain are crucial for seamless integration into
5G applications, eliminating the need for arrays.

This work explored the integration of slots and CSRRs
to miniaturize an MRPA antenna while addressing its
intrinsic challenges of narrow bandwidth and low gain
in the 26 GHz and 28 GHz mm-wave 5G bands. The
objective is to significantly enhance the antenna’s
bandwidth and gain while maintaining a compact and
lightweight design. This is achieved by integrating slots
in the patch and CSRRs into the ground plane.

2.0 BACKGROUND THEORY

This section introduces the theoretical equations for
integrating the patch's effective area and the CSRRs into
a single microstrip patch antenna design.

2.1 Effective area of patch antenna

The effective area and dielectric material of a microstrip
patch antenna are crucial in determining its gain,
radiation pattern, efficiency, and overall performance in
transmitting and receiving electromagnetic signals [15].
Precise design of the effective area is essential for
achieving optimal performance, particularly in advanced
communication systems like 5G [16].

The beam area or beam solid angle Q, for an antenna is

given by the integral of the stabilized power pattern
over a sphere

Q= 7 P.6,8)d02 (1)

Directivity (D) is calculated from:
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D= T 2
where Q, = beam solid angle

The lower the beam's solid angle, the higher the
directivity.

Also, the antenna Gain (G) is given by:
G =kD (3)

where k is the efficiency factor of the antenna and D is
the directivity given in equation (2) [15].

In MPA antenna design, selecting the dielectric
substrate, substrate thickness, and resonant frequency is
critical. These selections determine key parameters such
as patch dimensions and feed location, which can be
calculated using equations (4-9) [6].

For instance, the width of the patch (14},) can be written
as:

_ 2
P 7 2f Al e+l

(4)

where c signifies the speed of an electromagnetic wave
in a vacuum, f, refers to the resonant frequency, and
g,denotes the substrate’s relative dielectric value.

The fields at the patch edges exhibit fringing due to the
patch’s finite dimensions. This fringing effect makes the
patch appear electrically larger than its physical
dimensions. Equation (5) establishes a relationship
between the patch’s effective patch length (Lefs) and its
actual physical length (Lp), which takes into
consideration the length extension (AL) at each end.
Equation (6) shows how the effective dielectric constant
(ererr), which accounts for fringing and wave
propagation effects, influences both the actual length of
the patch and the extension of that length [17].

c

2fo\/Ereff

where the effective dielectric constant (e,.rr), and the
length variation (AL) are defined as:

&+l &—1 h -1/2
greff = 2 + 2 1+ 12W_p (6)
W
(reff+0.3)(=2+0.264
AL = 0.412h |—= ( b ) )
(sreff—o.zss)(pr.s)

while the length of the substrate (L,) is given by:
Ly =6h+ L, 8)

and finally, the width of the substrate (W) is given by:
W = 6h + W, 9

where h represents the thickness of the dielectric
substrate
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2.1 Split Ring Resonators (SRRs) and
Complementary Split Ring Resonators (CSRRs)

Amongst the diverse left-handed materials (LHMS),
Split Ring Resonators (SRRs) are meta material
structures that produce negative permeability (-p) when
activated by an axial magnetic field. Due to its high
conductivity, the capacitance between the rings
compensates for the inductance in the SRRs [18]. Plate
2 demonstrates the two most popular SRRs and CSRRs
configurations, along with the equivalent circuit models.
The SRRs are made up of conductive wire loops that
function as inductors and small open gaps that function
as capacitors, as shown in Plate 2(a). In contrast, the
CSRRs are formed by engraving the negative pattern of
the SRRs onto the ground plane, as depicted in Plate

2(b).
Ly

Plate 2. Configurations of square (2) SRRs, (b) CSRRs,
and (c-d) their respective circuit models [18].

Both structures operate as LC resonators based on the
analysis of SRRs and CSRRs. In the equivalent circuit
model of Plate 2(c), the SRR's inductance LS is changed
by the capacitance Cc in Plate 2(d), which encircles the
ground plane. Moreover, the two series-connected
capacitances in Plate 2(c) are substituted by two
parallel-connected  inductances in  Plate  2(d),
establishing a connection between the innermost disk
and the ground.

Designing square CSRRs for an MPA antenna involves
careful consideration of the dimensions of the outside
and inside square rings, their widths, and the spacing
between them. These factors are crucial for attaining the
desired resonant frequency, illustrated in equation (10)
[19]-[20].

1

fr= 2m./LsCs

The rings and slit introduce capacitance and inductance,
forming an LC circuit used to determine the operating
frequency. Equations (11) to (15) were applied to
compute the CSRR frequencies.

(10)
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where,

0.98

0 Lav
L, =424 86 [1n7 +184p]  (11)

Lavg = 4[Ls - (N - 1)(W + S)], (12)

_ (N-1)(w+s)
P = D w+s)] (13)

K
_ 1-k?
Co=¢e,2|20,— 2N -DWw +s)1—| (@14
2 K (k1)

where N is the number of CSRR Rings, Lg is the
CSRR’s Length, w is the CSRR’s width, Lg,,= The
square SRR/CSRR average length, p = filling ratio, k =
First kind complete elliptic integral, k;= The integral
argument, which is stated as:

s/2
ky == "z [18]. (15)
It can be seen from equations (11) through (15) that the
inductance due to the dimensions of the outer square
ring, inner square ring, the width of the rings, and the
capacitance due to the gap between the rings of CSRRs
are crucial for achieving the desired resonant frequency
for better performance. Therefore, the area, dA and the
dielectric permittivity of a single patch antenna can be
modified using slots and CSRRs in a CST simulation
environment to obtain the optimum value for a given
frequency band before fabrication, securing more space
normally occupied by the array.

3.0 MATERIALS AND METHODS

3.1 Materials

Since this research is purely simulation-based, we used
CST Studio Suite 2018 simulation software, its virtual
copper, and Rogers RT5880 substrate.

3.2 Antenna Design

This study adopts a design approach focused on
rectangular patch antennas, similar to those by [1,9,21].
The antenna in Figure 2(a-b) was developed on a
Rogers RT5880 substrate that measured 16.5 x 20 x
0.508 mm?, had a relative dielectric permittivity (er) of
2.2, and a tan & of 0.0009. Then, an inset feeding
method was employed to realize optimal impedance
matching amid the patch and the feeding line, as it’s a
preferred method in MPAs [9]. The rectangular patch,
measuring 10.2 x 10.8 x 0.035 mm3, was then fed via a
4.85 mm-long and 0.7 mm-wide feed line.

Figure 3(a-c) presents the slots and CSRR-loaded
MRPA, designed on a 15.5 x 17 x 0.508 mm3 Rogers
RT5880 substrate with a rectangular patch measuring
9.8 x 10.0 x 0.035 mm3, fed by a 4.2 mm length and 0.7
mm wide microstrip feed line. Figure 4 and Figure 5
present patches of 9.72 x 9.9 x 0.035 mm? and 9.73 x
9.9 x 0.035 mm?, respectively, both designed on 15.5 x
16 x 0.508 mm? substrates, fed by 4.25 mm length and
0.7 mm wide feed lines. Lastly, to reduce the antenna’s
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size, increase its range of usable frequency, and gain patch and ground layers of the antennas, respectively.
performance, slots and CSRRs were etched into the

Table 1 presents the measurements of the conventional shaped slots and CSRR-loaded MRPAs depicted in
MRPA depicted in Figures 2(a-b). Tables 2, 3, and 4 Figures 3(a-c), 4(a-c), and 5(a-c), respectively.

present the measurements of the LIU, LIL, and LIo

Table 1: Measurements of the inset-fed conventional MRPA antenna (in millimeters)

Parameter Ls=Lg Ws=Wg L, W, Lt Wr Yo Xo
Dimension 16.5 20.0 102 108 485 0.7 065 0.5
< Ws » < Wg >
«—Wp———»
Lp
Ls Lg
Xoe—= VYo
!
Wi f
v
(a) Front perspective (b) Back perspective

Figure 2(a-b): The design geometry of the front and back perspectives of conventional MRPA

Table 2: Measurements of the inset-fed LIU slotted CSRR-loaded MRPA antenna (in millimeters)

Parameter Ls=L. Ws=Wg L, W, L+ W: RA RW RW; S W G

g 1
Dimension 15,5 17.0 98 100 42 07 80 1.3 1.0 0.1 01 05
5
Parameter SL, SW, SL  SW; SL SWs3; SL SW, SLs SWs Yo Xo
2 3 4
Dimension 0.75 1.75 50 0.75 49 085 1.0 3.70 245 1.20 2.20 0.70
5 0 0
< Ws > < Wy >

>

RWL
H « S
—»

SW5 SWs

SL1

€« RM——»

Wr L¢

|

£
T 1<€«—9 —»—————— A

le——— 9—————»
>
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(a) Front perspective (b) Back perspective with CSRRs (c) CSRRs

Figure 3(a-c): The geometric design of the LIU-shape slotted MRPA loaded with CSRRs structure

Table 3: Measurements of the inset-fed LLL slotted CSRR-loaded MRPA antenna (in millimeters)

Parameter Ls=L Ws=Wg L, W, Ly W RA RW RW; S W g
g 1
Dimension 155 16.0 9.7 99 42 070 82 130 100 010 0.1 0.50
2 5 5 0
Parameter ~ SL, SW SL SW> SL SW; SL SWs; SLs SWs Yo Xo
2 3 4
Dimension 0.75 1.75 50 075 49 085 07 435 300 365 24 0.70

5 5 0 0

A
v

<«—RW——

€ RW2——Pp

HH

=
=Y
T J<«— 9 —»———

A

(a) Front perspective (b) Back perspective with CSRRs (c) CSRRs
Figure 4(a-c): The geometric design of the LIL-shape slotted MRPA loaded with CSRRs structure

Table 4: Measurements of the inset-fed LIo slotted CSRR-loaded MRPA antenna (in millimeters)

Parameter Ls=L Ws=Wg L, W, Lr Wr RA RW RW; S w g
g 1
Dimension 1550 16.00 97 990 42 070 81 130 100 0.10 0.1 0.0
3 5 5 0
Parameter SL, SW, SL  SW; SL SWs3; SL SW, SLs SWs Yo Xo
2 3 4
Dimension 0.75 1.75 52 075 50 085 40 420 - - 24 0.70
0 5 0 0
www.ijarst.com YUSUF & ALI Page | 1580
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< Ws > < Wg >
A
«—————RM——»
—  wWp—— » EWL
A
B e s
W S SWs
<
Lp ) 2 s f
Ls & & D Lg o
Xot= l
ISL; Yo M 1
Y RA |l w
T [ RW——
W fesf Lt
, |

(a) Front perspective

(b) Back perspective with CSRRs

(c) CSRRs

Figure 5(a-c): The geometric design of the LIo shape MRPA loaded with CSRRs structure

4.0 RESULTS AND DISCUSSION

The findings from the suggested conventional MRPA
and the three different slotted CSRR-loaded MRPA
antennas are provided in this section. Their performance
is evaluated and compared based on size, bandwidth,
and gain.

4.1 Performance of the designed conventional MRPA
antenna

Table 5 shows the findings extracted from the antenna
in Figure 2(a-b). The antenna exhibited good
performance in the 28 GHz band regarding Sy,
bandwidth, gain, and directivity. Similarly, the 26 GHz
band exhibited good performance and high efficiency.

Table 5: Simulated results of the conventional MRPA antenna depicted in Figure 2(a-b)

Resonance Return loss Bandwidth VSWR Gain Directivity  Efficiency
Frequency (GHz) S (dB) (GHz) (dB) (dBi) (%)

26.59 -19.01 0.50 1.25 5.81 6.20 94.00
28.0 -34.57 0.81 1.04 9.44 10.40 91.00

However, to satisfy new 5G design specifications for
mobile communication systems, the antenna size must
be reduced while increasing bandwidth and gain. To
achieve this, slots and CSRRs can be integrated into the
patch and ground planes of the design, respectively. The

0

S11 and bandwidth are shown in Figure 6(a), and the
VSWR is shown in Figure 6(b). The gain and directivity
at 26 GHz are displayed in Figures 7(a) and 7(b),
whereas the gajn and directivity at 28 GHz are shown in
Figures 8(a) and 8(b), respectively.

=
ofw

[ e
o

L)
o

S-Parameter (Magnitude in dB)

________________________________________________________________________

(28, -34.565 )

( 26.59, -19.009 )
16 (26873, 10)
16 (26.377,-10)

i

24 25 26

27 [275%8]8[2837] 29

30 kil 32 33

Frequency / GHz

Figure 6(a): Return loss (S11) and Bandwidth as frequency functions.
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25

20 1

15 1

10 1

Voltage Standing Wave Ratio (VSWR)

(28,1.0382)
3 (2659, 1.2524)

23 24 25 26 27 28 29 30 31 32
Frequency / GHz
Figure 6(b): VSWR as a frequency function for the conventional MRPA antenna

farfiedd (f=26) [1]

Type Farfi.
Approumation  enab...
Component Abs

Outputt Gain

Frequency 26GH:
Rad. effic. 033
Tot. effic. ~3.53...
Gain 5809

farfield (f=28) [1]

Hpe Farfield b4
Approvimation  enable..,

Component Abs

Output Gan

Frequency 2Ghe 2 x
Rad. effic. 0.960...

Tot. effic. 0962

Gain 2480 a8

4.2 Performance of the LIU-shape slotted MRPA
loaded with CSRRs structure

Miniaturization is crucial in MPA antenna design for 5G
applications, but often compromises radiation
performance. To address this issue, design 3(a-c)
incorporates slots and CSRRs to minimize size while

farfield (f=26) [1]

farfield (f=28) (1)

Tipe Farfield y
Approimatica  enable...

Component Abs

Outpet Directi.,

Frequency 26 GHz z x
Rad. effic. 0386,

Tot. effic. 353 .

D 8195,

(b)

Tipe Fadfield y
Approumation  enable.

Component Abs

Output Direct.. J

Frequency 28GHz 2 X
Rad. effic. 0.960...

Tot. effic. 0862

De. 1040,

(b)
Figure 8(a)(b): Gain and directivity for the conventional MRPA antenna at 28 GHz

enhancing radiation performance. Table 6 presents
performance outcomes derived from Figure 3(a-c). The
antenna demonstrates strong performance, featuring a
low S11 value, wide bandwidth, and high gain in the 28
GHz band. However, Figure 9(a) indicates that it fails to
resonate at the 26 GHz band.

Table 6: Simulated results of the design depicted in Figure 2(a)

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

28.00 -30.37 1.16 1.06 9.95 11.07 90.00
www.ijarst.com YUSUF & ALI Page | 1582
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However, enhancements may be necessary for gain, and
efficiency to meet the emerging design requirements for
5G. This can be achieved by integrating various
centrally positioned slot elements into the selected dual

LI slots in the CSRR-loaded MRPA design. Figure 9(a)
demonstrates the Si1 and bandwidth; Figure 9(b)
presents the VSWR, while Figures 10(a) and 10(b)
illustrate the antenna gain and directivity at 28 GHz.

d=116
0 ;

—si1

dn

---------------------------------------------------------------------------------------------------------------------------------------------------

KN
[==]

d=0

I N
o [==]
\
"
L

r
=

r
(3]

%]
=

S-Parameters [Magnitude in dB]

L
<A

§ (28, 30365 )| A— A—

23 4 25 26

29 30 3 2 3

Frequency / GHz

Figure 9(a): S11 and Bandwidth as functions of frequency for Design 3(a-c).

100

Voltage Standing Wave Ratio (VSWR)

90
80
70 1
60 1
50 1
40 1
30 1
20 1
10
0

| vsWR1 : 1.0625378 | ----d--oeeeeeeeeo et USRI

23

Frequency / GHz

Figure 9(b): VSWR parameter as a function of frequency for Design 3(a-c)

Figures 10(a)(b): Simulated gain and directivity for the antenna design 3(a-c)

4.3 Performance of the LIL-shape slotted MRPA
loaded with CSRRs structure.

From Table 7, the proposed antenna design in Figure
4(a-c) exhibits enhanced bandwidth, gain, directivity,
and efficiency at 28 GHz, with high gain and efficiency
observed at 26 GHz. Despite relatively narrow
bandwidths at both frequencies, the design meets the
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necessities for mm-wave 5G applications. The Si
shown in Figure 11(a) remains well below —10 dB,
signifying good impedance matching, as supported by
the VSWR results in Figure 11(b). Figures 12(a) and
12(b) show the antenna gain and directivity at 26 GHz,
while Figures 13(a) and 13(b) show the gain and
directivity at 28 GHz, respectively.
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Table 7: Simulated results of the design depicted in Figure 4(a-c)

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

26.23 -16.24 0.44 1.37 8.46 8.87 95.00
28.00 -30.66 0.95 1.06 11.19 11.96 94.00

1 VA z 1 1 <

; § (28 -30.661) | ;
""""" PN TS (2623, 416,237 ) [

(
: : : (
5 e SRR SRS fo S . U 1g (2601310 | S S
| | i i p 9 (26.454,-10) | ;
30 e B — e : ; -

S-Parameters [Magnitude in dB]

3 % 25 % 27 [27.561] 28 29 30 3 32 3

Frequency / GHz

Figure 11(a): Return loss (S11) and Bandwidth as functions of frequency

Voltage Standing Wave Ratio (VSWR)

25
e e B e ]
15 4o S O S O O S S o]
j : : § : (28, 1.0604 ) : :
FTI I S . S SN SN SRR SER @ (2623, 13647 )| i
5 e N s
0 ‘ ; ; ‘ : ; : ; ;
23 24 25 26 27 28 29 30 31 32 33
Frequency / GHz
Figure 11(b): VSWR as a function of frequency for the antenna in Figure 4(a-c)
farfield (1=26) [1] farfieid (f=26) (1]
Type Farfiedd Type Farfield
.j.;;,:c.maf-:n enable " o ensble

(b)

Figure 12(a)(b): Simulated gain and directivity for the antenna in Figure 4(a-c) at 26 GHz
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dB
11.2

farfield (1=28) [1]

(b)

Figure 13(a)(b) Simulated gain and directivity for the antenna in Figure 4(a-c) at 28 GHz

4.4 Performance of the LIo-shape slotted MRPA bandwidth, gain, and directivity at both frequency
loaded with CSRRs structure. bands. Furthermore, efficiency remains high at 26 and
According to the results in Table 8, the design 28 GHz despite the bandwidth, gain, and directivity
enhanced radiation performance by increasing enhancements.

Table 8: Simulated results of the CSRR-loaded MRPA antenna depicted in Figure 5(a-c)

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

26.75 -22.02 0.52 1.17 9.20 9.91 93.00
28.00 -23.14 1.10 1.15 11.39 12.12 94.00

Figure 14(a) presents the Si; and bandwidth parameters, respectively. Similarly, Figures 16(a) and 16(b) depict
while Figure 14(b) illustrates the VSWR. Figures 15(a) the gain and directivity at 28 GHz, respectively, for the
and 15(b) show the gain and directivity at 26 GHz, slotted CSRR-loaded MRPA antenna.

d=095

_ : — 511
1)
ke
A SRRSO SOUUUUUURE WOV . PSS URUUO SO S WO S NS SO
g
£ d=0
g | \\
N N S S L N L A A __q (38,2.04) |
g | § (2675 -2015)| | |
g Ny G§ (2652,-10) | P o
g E E:’; (27.04,10) ] ;
) 0 ‘ i i

25 . . 1 1 . .

B 4 25 % 7 [27.456] 2 28552 2 30 3 £7) 3
Frequency / GHz

Figure 14 (a): S11 and Bandwidth as functions of frequency

Voltage Standing Wave Ratio (VSWR)
70 ; ; ;

3 A S— S— S S S S—— S— S— S—
50 {-| o R— SRS SN N ————— S— — —

T L g L T v U S SN U U UY SRS RPN b e

30 1

i : : : : (28,1.1497 ) : :
20 qranmreneeee promee ey s S S g (26.75, 1.1723 )| prosmeeseese promenorene

10 e - | i e e — e

23 2;1 2I5 2I6 2I? 28 2I9 3b 3I1 3I2 33
Frequency [ GHz
Figure 14(b): VSWR parameter as a function of frequency for the antenna in Figure 5(a-c)
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Figure 16(a)(b): Gain and directivity for the antenna in Figure 5(a-c) at 28 GHz

Table 9: Comparison of conventional MRPA with LIU shape-slotted MRPA with CSRRs

Parameters Conventional MRPA LIU shape slotted Annotation

MRPA with CSRRs
Antenna size 16.5x20 (330 mm?) 15.5x17 (264 mm?) Reduction = 20%
Bandwidth at 28 GHz 0.81 GHz 1.16 GHz Enhancement = 43%
Gain at 28 GHz 9.44 dB 9.95 GHz Enhancement = 5%

Table 10: Comparison of conventional MRPA with LIL shape slotted MRPA with CSRRs

Parameters Conventional MRPA  LIL shape slotted Annotation

MRPA with CSRRs
Antenna size 16.5x20 (330 mm?) 15.5x16 (248 mm?) Reduction = 25%
Bandwidth at 26 GHz 0.50 GHz 0.44 GHz Reduction = 12%
Bandwidth at 28 GHz 0.81 GHz 0.95 GHz Enhancement = 17%
Gain at 26 GHz 5.81dB 8.46 dB Enhancement = 46%
Gain at 28 GHz 9.44 dB 11.19dB Enhancement = 19%

Table 11: Comparison of conventional MRPA with LIo shape-slotted MRPA with CSRR

Parameters Conventional MRPA LIo  shape slotted Annotation
MRPA with CSRRs
Antenna size 16.5x20 (330 mm?) 15.5x16 (248 mm?) Reduction = 25%
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Bandwidth at 26 GHz 0.50 GHz 0.52 GHz Enhancement = 4%

Bandwidth at 28 GHz 0.81 GHz 1.10 GHz Enhancement = 36%
Gain at 26 GHz 5.81dB 9.20 dB Enhancement = 58%
Gain at 28 GHz 9.44 dB 11.39 dB Enhancement = 21%

Table 9-11 compares the conventional MRPA with LIU,
LIL, and LI shape slotted MRPA antennas loaded with
CSRRs regarding size, bandwidth, and gain at the
selected frequency bands. The LIo shape slotted MRPA

with CSRRs shows a 25% size reduction and gave the
best gain performance, while that with LIU slots gave
the best bandwidth.

Table 13: Comparison of our designs with CSRR-Loaded antennas in the 5G Band

References Size Frequency Minimum BW VSwW Gai  Directivity Efficienc
(mm?) (GHz) Su (dB) (GHz) R n (dBi) y (%)

(dB)

This work 15.5x16  28.00 -23.14 1.10 1.15 1.3 12.12 94.00
9

This work 15.5x16  28.00 -30.66 0.95 1.06 1.1 11.96 94.00
9

This work 15.5x17  28.00 -30.37 1.16 1.06 995 11.07 90.00

[1] 15x15 28.07 -33.16 2.83 - 6.81 8.15 71.22

[11] 12x25.4  28.00 <10 6.30 - 640 - -

[14] 28x28 5.20 -19.19 1.04 - 630 - 91.00

[22] 45x45 6.18 -28.0 0.42 - 3.16 - 66.39

[23] 12x12 3.50 -20.41 0.20 - - - 24.10
3.70

Table 13 provides a comparative examination of our
proposed designs against earlier published CSRR-based
antennas. This study emphasizes the integration of slots
and CSRRs to achieve compact size, wide bandwidth,
and high gain for 5G applications. As shown in Table
13, our simulated slotted CSRR-loaded antennas are
more compact than most earlier CSRR-based designs,

5.0 CONCLUSION

We have demonstrated that a compact, bandwidth-
enhanced, and high-gain MRPA antenna suitable for 5G
mobile communication systems can be realized via slots
and CSRR configurations. The primary objective was to
minimize antenna size while enhancing bandwidth and
gain by integrating slots and CSRRs into the patch and
ground planes rather than employing an array
configuration. To validate this, we designed and
simulated a conventional MRPA antenna and a slotted
CSRR-loaded MRPA antenna effective at 26 and 28
GHz using CST Studio Suite 2018. The proposed
slotted CSRR-loaded antennas are more compact than
most previously studied MIMO and slotted CSRR-based
designs, except for [1,23], which achieved a smaller
size at the cost of reduced gain and efficiency. Our
design in Figure 5(a-c) attains a notable bandwidth of
1.10 GHz and a superior gain of 11.39 JB within a
compact area of 155 x 16 mm2 Other radiation
parameters, like Sy, VSWR, efficiency, and directivity,
also exhibited strong performance. These results
indicate that the proposed slotted CSRR-loaded MRPA
provides a compact, bandwidth-enhanced, and cost-
effective solution for seamless integration into handheld
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except for [1,23], which operate at lower frequencies
and achieve a smaller size at the cost of reduced gain
and efficiency. Our designs attain an ultimate bandwidth
of 1.16 GHz, a superior gain of 11.39 dB, directivity of
12.12 dBi, and efficiency of 94%, within a compact
area. Although [1,11] reported higher bandwidths, their
designs compromised size, gain, and efficiency.

5G devices, avoiding the increased size and weight
associated with array-based designs.
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