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ABSTRACT: This paper presents a dual-band cascaded rectangular microstrip patch antenna array with a complementary split ring res-
onator (CSRR) for narrow-band wireless communication applications. The antenna array is fed with a microstrip feed line for proper
impedance matching, and CSRR is loaded to generate dual-band characteristics. The CSRR-based proposed antenna radiators operate
over two frequency bands, i.e., 100 MHz (3.06-3.16 GHz) and 110 MHz (4.36—4.47 GHz) with reflection coefficients (511 < —10dB)
of —23dB and —32 dB. The gain of the proposed antenna array with CSRR is 5.03 dBi and 6.34 dBi at 3.1 GHz and 4.4 GHz, respec-
tively. In addition, S-parameters, radiation patterns, 3D gain characteristics, and surface current distribution at resonating frequencies
are observed. The proposed antenna array is miniaturized in size and suitable for wireless communication applications.

1. INTRODUCTION

owadays it is being practiced to develop dual or multi-

functional designs. The motive is to diminish the frame-
work size and cut the framework cost. Microstrip array anten-
nas have interesting qualities like system capacities and gains
with high levels. The cascaded antenna array’s high gain char-
acteristics made the wide usage of Wireless Fidelity [1] and
Worldwide Interoperability for Microwave Access communi-
cation [2] possible. Along with this, some challenges are faced
inside the array in larger antenna sizes, mutual coupling ef-
fect, gain, and narrow bandwidths for wireless applications.
Common microstrip patch antennas are less rated than array
antennas. The growing technologies in wireless communica-
tion applications of base stations are trying to lower the num-
ber of antennas and improve the effectiveness of remote frame-
works wireless systems. This requires the array antennas with
high gain [3] and linear polarization [4]. An antenna with
dual-polarizations and electromagnetic feeds [5] improved the
impedance bandwidth of the return loss. Vertical polarization
was achieved using an L-shaped electric probe, while horizon-
tal polarization was attained through a magnetic loop. To im-
prove the wide bandwidths, a rectangular patch antenna with
dual-polarization was excited by two coax-line feeds [6] for
linearly polarized array antennas [7] with multiple-layer sub-
strates used. The use of multi-layer substrates may lead to ad-
vanced complex fabrications and high capacitive loss in array
antennas [8]. Reducing the antenna’s size, as indicated in [9],
while simultaneously enhancing the bandwidth, as referenced
in [10], is not feasible. To achieve wider bandwidth [11], per-
forated [12] or fractal arrays [13] are employed [14], as noted
in [15], However, in the desired range of frequency, the gain
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radiation is not relevant [16]. The isolation of dielectric res-
onating antenna [17] is around 15 dB whereas cutting the array
becomes one of the big challenges.

The dual-band applications [18] with defected ground struc-
ture (DGS) use circular patches [ 19]. Two concentric ring open-
ings with DGS [20] are used for intensifying gain and band-
widths. A CPW-fed [21], monopole broadband antenna is sug-
gested for giving rise to new modes of resonance by match-
ing fine impedance including antenna operations on commu-
nication bands [22] for improving the bandwidths [23], and
different configurations of U-shaped slots are etched from the
designs [24]. For metal-insulator-metal (MIM) multiple-input
multiple-output (MIMO)-specific absorption rate (SAR) appli-
cations [25], a compact dual-band dual-polarized (DBDP) mi-
crostrip antenna array with dimensions of 77 x 79 x 2.2 mm?3 is
introduced. For wireless communication [26], a dual-polarized
antenna array [27] with conical factors was put forth [28]. A
linearly polarized antenna [29] has superior coverage compared
to that is circularly polarized [30]. A crescent-shaped slot [31]
antenna is proposed for wireless [32] and internet of things
(IoT) applications [33]. An optical [34] triangle-shaped [35]
monopole antenna was proposed for wireless applications [36].
Micro-electromechanical system (MEMS) antennas [37] are
also used for telecommunication [38] wireless applications. A
periodic antenna [39], utilizing CPW feeding technique [40],
offered improved antenna properties [41] suitable for wireless
communication [42].

2. ANTENNA STRUCTURE

The top view and bottom view of the dual-band cascaded rect-
angular microstrip patch antenna array with a complementary
split ring resonator (CSRR) are shown in Figs. 1(a) and (b).
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FIGURE 1. Physical structure of proposed antenna. (a) Top view. (b) Bottom view.

TABLE 1. Optimum values of design parameters.

Parameters | Value (mm) | Parameters | Value (mm) | Parameters | Value (mm)
L 40 Ls 30 Ws 21
w 40 Lg 4 We 6
L 4 Wh 6 a 0.5
Ly 2 Wo 4 b 0.5
L3 2 Ws 11 c 0.5
La 2 Wy 1 d 0.5

Low-cost FR-4 substrate material is used to design the pro-
posed antenna prototype with dimensions of L x W x t mm?>.
The thickness of the substrate is denoted as ‘¢’, and its value
is 1.6 mm. The proposed substrate material has a loss tangent
of 0.02 and a dielectric constant of 4.4. A microstrip feed line
structure is proposed for 50-ohm impedance matching. The di-
mensions of the microstrip feed line are 1 x 30 mm? along the
X- and Y-axes. Table 1 shows the optimum dimensional val-
ues for each parameter utilized in the design process of the pro-
posed antenna. Figs. 1(a) and (b) show the physical structure
and detailed dimensions of the proposed antenna. In this pa-
per, the radiating patch is coated on one side of the substrate,
and the ground plane is coated on the other side of the sub-
strate. Rectangular CSRRs on both the patch and ground plane
are used to resonate the dual bands for the proposed antenna at
the required resonating frequencies.

From Figs. 1(a) and (b), the slot width of the rectangular
CSRR of patch and ground plane is ‘a’ and ‘c’. The length
and width of the CSRR on the patch are Ly x W5 along the X -
and Y'-axes. Further, the cascaded array of rectangular radi-
ator patch dimensions is L; x Wj along the X-axis and Y-
axis, respectively. The spacing between the array elements is
W5 whose value is shown in Table 1. All the design antenna
parameters are optimized using the CMA (Covariance matrix
adaptation) algorithm. All the radiating elements and ground
planes are designed using 0.01 mm thick copper material and
are considered perfect conductors during analysis.

Table 1 shows the optimized parametric values of the pro-
posed antenna array. Equations (1) and (2) are utilized to calcu-
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late the physical dimensions of the proposed basic rectangular
patch antenna [9].

c 2
W = s Ve i1 (1)
C
L=4{—
(o]

The effective dielectric constant, €, is calculated as:

126\ "2 W2
(HW> 10.04 (1—7)] 3)

where C' is the velocity of light, ¢, the relative dielectric con-
stant, ¢ the thickness of the substrate, and f, the resonant fre-
quency.

ert+1l e, —1
Ereff = D) + D)

3. DESIGN AND ANALYSIS OF CASCADED ANTENNA
ARRAY

3.1. Design Process of Proposed Antenna

The evaluation process of the proposed antenna array is ex-
plained in four steps as shown in Figs. 2(a)—(d). Initially, in
the first step, a plain rectangular cascaded antenna array with
a conventional ground plane structure is considered as Ant. 1
shown in Fig. 2(a). Ant. 1 resonates at 3.2 GHz frequency with
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areflection coefficient of —14 dB. Ant. 1 has a minimum band-
width of 50 MHz and a low gain of 1.84 dBi. Hence, to improve
the bandwidth and gain characteristics, Ant. 2 is designed in
the second step. The complementary split ring resonators are
etched from the cascaded rectangular array along with com-
plete ground plane, and it is considered as Ant. 2 shown in
Fig. 2(b). Ant. 2 resonates at 3.3 GHz with a return loss of
—22dB. The bandwidth and gain of Ant. 2 are 60 MHz and
2.14dBi. Furthermore, to produce dual-band characteristics,
Ant. 3 is considered. In the next step, a complementary split
ring resonator (CSRR) is etched from the ground plane, and
the patch remains constant like Ant. 1 and is called Ant. 3
shown in Fig. 2(c). Ant. 3 resonates at 3.0 GHz and 4.3 GHz
frequencies with reflection coefficients of —15 dB and —23 dB,
respectively. Also, Ant. 3 has gain and bandwidth of 3.28 dBi,
4.86 dBi, S0 MHz, and 70 MHz at operating frequencies, re-
spectively. Ant. 3 produces dual-band characteristics; however,
the bandwidth and gain values are not enough for the required
application. Hence, to enhance the antenna parameters like re-
turn loss, gain, and bandwidth, Ant. 4 (proposed) is considered.

Antenna 4 (Ant. 4) is designed by etching CSRRs on both the
radiating cascaded patch array and the ground plane to achieve
the desired characteristics illustrated in Fig. 2(d). Ant. 4 res-
onates at 3.1 GHz and 4.4 GHz frequencies with reflection co-
efficients of —23 dB and —32 dB, respectively. Also, Ant. 4
has gain and bandwidth of 5.03 dBi, 6.34 dBi, 100 MHz, and
110 MHz at operating frequencies, respectively. Fig. 3 shows
the evolution processes of the proposed cascaded array antenna
concerning the characteristics of the reflection coefficient, and
its quantitative analysis is shown in Table 2.
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FIGURE 3. Designing process of the proposed antenna for reflection
coefficient.

3.2. Parametric Analysis

The parametric analysis has been used to understand how a pro-
posed antenna design evolved through various steps. The per-
formance of the proposed dual-band antenna has been evalu-
ated using CST Microwave Studio [43]. The antenna charac-
teristics of resonant frequency, reflection coefficient, and band-
width are more of a concern in this paper. The proposed design
process incorporates approximately 18 parameters. The effects
of all parameters are analyzed, but for brevity, we have only
presented some of them. The parameters L1, W7, Ly, and Wy
are considered. The dimensions of the rectangular patch in the
proposed array are L; x W1, as shown in Fig. 1(a). Ly is var-
ied from 3 mm to 5 mm with a step size of 1 mm to obtain the
optimum value of the parameter. In Fig. 4(a), the impact of pa-
rameter L, is explained. The antenna has its lowest return-loss
response when L, is 3mm. When L; is 4 mm, the antenna’s
bandwidth and reflection coefficient are improved. Further in-
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TABLE 2. Comparison of the proposed antenna array for design steps.
lteration operating Frequency Bandwidth Gain Reflection
frequency (GHz) band (GHz) (MHz) (dBi) Coefficient (dB)
Ant-1 32 3.25-3.30 50 1.84 —14
Ant-2 33 3.30-3.36 60 2.14 —22
3.0 2.98-3.03 50 3.28 —15
Ant-3
43 4.30-4.37 70 4.86 —23
Ant-4 3.1 3.06-3.16 100 5.03 —23
(Proposed) 4.4 4.36-4.47 110 6.34 —32
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FIGURE 4. Parametric analysis of proposed antenna. (a) Parameter L1. (b) Parameter W;. (c) Parameter L4. (d) Parameter Wj.

crease of L is 5 mm; the return loss response and bandwidth
are low. Hence, the optimum value of L; is 4 mm. Similarly,
the parametric effect W is explained in Fig. 4(b). It varies
from 5.5 mm to 6.5 mm, with a step size of 0.5 mm. The band-
width and return loss of the antenna are low when W7 is 5.5 mm
and 6.5 mm. However, the reflection coefficient and bandwidth
value are improved when W is 6 mm. Therefore, the optimum
result is obtained at W7 = 6 mm for the proposed antenna.
The length and width of the microstrip feed line in the pro-
posed antenna array are Ly x Wy, as shown in Fig. 1(a). Ly is
varied from 1 mm to 3 mm with a step size of 1 mm to obtain the
optimum value of the parameter. In Fig. 4(c), the impact of pa-
rameter L4 is explained. The antenna has its lowest return-loss
response when L4 is 1 mm. When L4 is 2 mm, the antenna’s
bandwidth and reflection coefficient are improved. Further in-
crease of L, is 3 mm; the return loss response and bandwidth
are low. Hence, the optimum value of L4 is 2 mm. Similarly,
the parametric effect W, is explained in Fig. 4(d). It varies
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from 0.5 mm to 1.5 mm, with a step size of 0.5 mm. The band-
width and return loss of the antenna are low when Wy is 0.5 mm
and 1.5 mm. However, the reflection coefficient and bandwidth
value are improved when W, is 1 mm. Therefore, the optimum
result is obtained at W, = 1 mm for the proposed antenna.

4. RESULTS AND DISCUSSIONS

The proposed antenna array has been designed and analyzed
with the help of CST microwave studio. A patch antenna ar-
ray with CSRR has been produced, and the effectiveness of the
suggested design is evaluated. the proposed linearly-polarized
rectangular microstrip patch antenna array with CSRR is fab-
ricated. The performance of the proposed antenna prototype
has been analyzed using the VNA (Vector Network Analyzer).
Figs. 5(a) and (b) depict the top and bottom views of the pro-
posed rectangular microstrip patch array antenna with a com-
plementary split ring resonator. Figs. 6(a) and (b) present pho-
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FIGURE 6. Measurement setup of the proposed antenna. (a) AUT measurement, (b) zoom view of AUT.
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FIGURE 7. Simulated and measured results of the proposed antenna. (a) S11, (b) Gain, (c) VSWR, (d) RE and TE.
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FIGURE 8. Gain plot of proposed antenna at (a) 3.1 GHz (b) 4.4 GHz.
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FIGURE 9. Simulated and measured radiation patterns of the array at (a), (b) 3.1 GHz. (c), (d) 4.4 GHz.

tos of the measurement setup in an anechoic chamber. The pro-
posed dual-band antenna is simulated and measured concerning
reflection coefficients, and a comparison of results is shown in
Fig. 7(a). The results from the simulation and measurements
are almost the same.

The small difference between the theoretical and experimen-
tal S1; values may be because of the VNA cable, fabrication tol-
erance, or environmental effects. Fig. 7(b) shows the simulated
and measured gains vs frequency plot. The simulated and mea-
sured voltage standing wave ratios (VSWRs) of the proposed
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antenna with CSRR are almost equal to the one at resonating
frequencies and shown in Fig. 7(c). The simulated and mea-
sured radiation efficiencies (REs) and total efficiencies (TEs) of
the proposed antenna array results are shown in Fig. 7(d). The
proposed antenna’s directional three-dimensional (3D) gain
characteristics plotted at 3.1 GHz and 4.4 GHz are 5.03 dBi
and 6.34 dBi, respectively, as depicted in Figs. 8(a) and (b).
Figs. 9(a)—(d) show the simulated and measured co- and cross-
polarizations of radiation patterns of the proposed antenna. The
radiation pattern plot shows that the maximum radiation occurs
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FIGURE 10. Surface current distribution of proposed antenna at (a) 3.1 GHz, (b) 4.4 GHz.

TABLE 3. Comparison study of the proposed antenna with recent published work.

. Resonating .
Reference Antenna Size Substrate No. of Gain Return loss
3 . Frequency .
No (mm®) Material bands (dBi) (dB)
(GHz)
2.4 6.9
[2] 50 x 39 x 1.6 FR-4 2 —23 —26
3.6 5.8
[3] 60 x 200 x 1.7 FR-4 2.4 1 6.8 —16
[23] 669 x 57 x 0.9 Teflon 5.5 1 1.8 —26
[27] 55.6 x 50.5 x 1.6 FR-4 5.0 1 7.5 —34
3.1 5.03 —23
[Proposed] 40 x 40 x 1.6 FR-4 2
4.4 6.34 —32

at 0° and 63° in the £ and H planes at 3.1 GHz. Similarly, at
0° and 50° maximum radiations for both the ' and H planes
are observed at 4.4 GHz.

The distributions of the surface currents at 3.1 GHz and
4.4 GHz are illustrated in Figs. 10(a) and (b). The highest cur-
rent for the suggested antenna is 32.4 A/m, while Figs. 10(a)
and (b) display a peak current of 35.2 A/m. Additionally, Ta-
ble 3 provides a comparison of the proposed cascaded rectan-
gular microstrip patch antenna array with previously published
research. From the comparison table, high gain characteristics
of the proposed antenna are compared to [23]. The proposed
antenna array is more compact than those in [2, 3,23,27]. The
proposed antenna has good resonance and return loss, which
are more suitable for wireless communication applications.

5. CONCLUSION

In this paper, we present the design and analysis of a dual-
band cascaded rectangular microstrip patch antenna array with
a complementary split ring resonator (CSRR). The antenna ar-
ray resonates at 3.1 GHz and 4.4 GHz with the reflection co-
efficients of —23 dB and —32 dB, and impedance bandwidths
of 100 MHz (3.06-3.16 GHz) and 110 MHz (4.36—4.47 GHz),
respectively. At resonating frequencies, the proposed antenna
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array has gains of 5.03 dBi and 6.34 dBi. The simulated and
measured results of antenna parameters, such as radiation pat-
tern with co-polarization and cross-polarization, reflection co-
efficient, gain, and surface current distributions are calculated
and found to be suitable.
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