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Abstract

The paper presents a 1 × 2 B-shaped antenna array for dual-band operation at 4 and 8 GHz.
The antenna design consists of a rectangular patch with two annular-strip lines fabricated on
the top layer and finite ground plane on the bottom layer. The array is formed by designing an
optimum T-shaped microstrip line for impedance matching. The dimensions of the antenna
array are 78 × 36 × 1.6 mm3. Full-wave simulations have been conducted and the measured
results are in good consent with the simulated results. The measured impedance bandwidth
(reference −10 dB) has been observed at 3.84–4.16 and 7.78–8.38 GHz. Measured peak gain
and radiation efficiency at 4 and 8 GHz are 8.3, 9.4 dB and 82.5 and 81.2%, respectively.

Introduction

Satellite communication plays a vital role in delivering wireless communication services to
live TV broadcasting, weather radar system, and internet services [1]. International
Telecommunication Union (ITU) has divided the world into three regions for satellite com-
munication. In region 3, ITU has allocated 3.7–4.2 and 7.9–8.4 GHz for downlink communi-
cation and uplink communication in fixed satellite service. Instead of using multiple antennas,
satellite communication requires a single antenna with dual-band operation [2, 3]. To over-
come the issue, researches proposed microstrip antennas for dual-band performance [4, 5].

Several dual-band antennas (non-array) had been reported in the literature. For instance, in
[6] a microstrip antenna was proposed for dual-band operation at 0.6–0.8 and 1.1–1.9 GHz.
The dual-band behavior was achieved by adding a shorting pin and slots in the radiating
patch. Rectangular patch antenna loaded with D-shaped complementary split-ring resonators
etched in the ground plane for dual-band operation was presented in [7]. An F-shaped patch
antenna with defected ground structure (DGS) and double squared strip for tri-band operation
at 4.6, 7.3, and 11.1 GHz was discussed in [8]. In [9], a circular patch on a half hemispherical
dielectric resonator antenna was proposed for 4.5 and 5.3 GHz, respectively. A planar inverted
F antenna for dual-band performance was proposed in [10]. Dual-band operation was
achieved by inserting S-shaped and T-shaped slots in the radiating patch and the ground
plane. A slot antenna with C-shaped strip in the ground plane was proposed for dual-band
operation at 1.4 and 2.4 GHz [11]. A circular patch antenna surrounded by mushroom-shaped
strips was presented in [12]. Vallappil et al. [13] proposed a Minkowski–Sierpinski-shaped
antenna for dual-band operation. Peak gain at 4 and 5.9 GHz was 0.4 and 6.2 dB, respectively.
A square quadrifilar helix antenna was presented in [14] for dual-band behavior at 1.2 and 1.5
GHz. Spiral antenna with the frequency-selective surface (FSS) was proposed for dual-band
performance at 1.8 and 3.5 GHz [15]. Asif et al. [16] proposed an E-shaped microstrip
patch antenna for dual-band characteristics. A triangular slot antenna using substrate-
integrated waveguide (SIW) for dual-band operation at 9.5 and 12 GHz was discussed in
[17]. Inverted U-shaped slot antenna using SIW was proposed for dual-band performance
[18]. Peak gain at 4.2 and 7.5 GHz was 5.3 and 5.8 dB, respectively. A monopole antenna
with two sleeves was introduced in [19] for dual-band operation. Rectangular patch antenna
using multiple substrates for dual-band operation was highlighted in [20]. Dual-band perform-
ance was achieved by inserting multiple slots in the radiating patch which were discussed in
[21, 22]. A planar antenna for dual-band operation using DGS and meander lines structure
was proposed in [23].

Several dual-band antenna arrays had existed in the literature. A helical antenna array for
dual-band operation at 1.65 and 1.75 GHz was discussed in [24]. A continuous transverse stub
antenna array was proposed in [25] for tri-band operation. Peak gain at 5.1, 6.5, and 7.4 GHz
was 7.5, 5.2, and 7.5 dB, respectively. A 4 × 4 electrically steerable passive array radiator was
proposed for dual-band operation at wireless local area network (WLAN) and worldwide
interoperability for microwave access (WiMAX) bands [26]. A 4 × 4 tightly coupled dipole
antenna array was presented in [27]. A shared aperture stacked antenna array was proposed
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for dual-band operation in [28]. In [29], aperture shared micro-
strip antenna array for a dual-band operation was discussed. A
3 × 2 folded dipole antenna array was proposed in [30] for dual-
band operation in WLAN and WiMAX bands. A 7 × 7 spanner-
shaped FSS was designed and placed over a slot antenna for dual-
band behavior at 3.5 and 6.2 GHz [31]. A dome-shaped antenna
array was discussed in [32] for dual-band operation at 5.8 and 7.8
GHz. A 4 × 4 H-shaped co-aperture antenna array was presented
in [33] for dual-band performance.

The existed literature focused on multi-substrate layers and
complex structure design for dual-band operation. Therefore, a
wide bandwidth with high gain is an active area of research. In
this endeavor, a wide band and high gain dual-band B-shaped
antenna array is proposed. The simulated impedance bandwidth
(reference −10 dB) is observed at 3.7–4.2 and 7.7–8.4 GHz,
respectively. The proposed B-shaped antenna array is fabricated
on low-cost FR4 substrate and good consent between measured
results and simulated results is observed.

Antenna array design

The proposed geometry of 1 × 2 B-shaped antenna array is shown
in Fig. 1. The design consists of a modified rectangular patch
antenna on one side of the substrate and finite ground plane on
the other side. The antenna is fabricated on FR4 substrate (ϵr =
4.4, loss tangent 0.02, thickness 0.02λo, where λo denotes the
free space wavelength at 4 GHz). The antenna array is fed by
the microstrip line with 50Ω characteristics impedance. The
microstrip line terminates at T-shaped impedance-matching
microstrip line [34] whose values have been optimized in the

simulator. The inset feed line and the round edges have been
used for wide band impedance matching. Two annular-shaped
strip lines have been attached on the rectangular patch to obtain
dual-band and wide band characteristics. Simulations have been
carried out in CST Microwave Studio 16 [35]. The dimensions
of the proposed antenna array are illustrated in Table 1.

Parametric study

The impact of the B-shaped patch antenna has been further ana-
lyzed in this section. The length of parameter W4 has been varied
and the reflection coefficient is shown in Fig. 2. Reflection coeffi-
cient plotted on Smith chart for W4 = 1.5, 2.5, and 3.5 mm is illu-
strated in Fig. 2(a) and its corresponding value in dB is
represented in Fig. 2(b). Best results have been achieved at an
optimum length W4 = 2.5 mm. Further increase or decrease in
parameter length results in an impedance mismatch.

Theory of characteristics mode (TCM) describes the current
patterns and existence of the resonant modes in the B-shaped
antenna. TCM can be obtained by solving the eigenvalue equation
[36, 37]

XJn = lnRJn, (1)

where Jn represents characteristic currents, λn is the eigenvalue, X
and R represent the imaginary and real part of the generalized
impedance.

A large quantity of modes can be calculated at any operating
frequency. However, modes close to the operating frequency
represent significant importance and calculated by the n modal

Fig. 1. Geometry of the proposed B-shaped antenna array.

Table 1. Dimensions of the proposed B-shaped antenna array

Parameter Lg Wg L1 L2 L3 L4 L5 L6 L7 W1 W2 W3 W4 W5

Value (mm) 78 35 2.9 19.2 1 10.7 1.2 1.3 9.2 7.1 1.5 2.5 7.1 2.5
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Fig. 2. Effect of change in the parameter W4 on the reflection coefficient (a) plotted
on Smith chart (b) plotted in dB.

Fig. 4. Eigenvalue of the proposed B-shaped antenna unit cell.

Fig. 5. Reflection coefficient of the proposed B-shaped antenna array.

Fig. 3. Surface current density of B-shaped antenna unit-cell resonance at (a) mode 1, (b) mode 2, (c) mode 3, (d) mode 4, and (e) mode 5.

International Journal of Microwave and Wireless Technologies 853

https://doi.org/10.1017/S1759078720001439 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078720001439


significance (MS) equation:

MS = 1
|1+ jln| . (2)

A mode resonates when its eigenvalue (λn) is zero and MS
equals to 1. TCM analysis of B-shaped unit cell has been per-
formed in FEKO [38] and illustrated in Fig. 3. Surface current
flows along the edges of the B-shaped unit cell in case of mode
1, mode 2, mode 3, and mode 4, respectively, as shown in Figs
3(a)–3(d). However, a strong surface current has been observed
along the two annular-strip lines in case of mode 5 as illustrated

in Fig. 3(e). The eigenvalue of the first five resonant modes of the
B-shaped antenna unit cell is presented in Fig. 4. A mode reso-
nates when its eigenvalue is zero [39]. For the proposed
B-shaped structure, mode 1 and mode 2 resonate at 3.9 and
4.1 GHz, respectively. Mode 3, mode 4, and mode 5 resonate at
7.7, 7.8, and 8 GHz.

The proposed antenna array has been fabricated and the simu-
lated results have been compared with the measured results as
shown in Fig. 5. The measured results are in good agreement
with the simulated results. The measured impedance bandwidth
reference −10 dB is observed at 3.84–4.16 GHz (320MHz) and
7.78–8.38 GHz (600MHz), respectively.

Fig. 6. Surface current distribution at (a) 4 GHz, (b) 8 GHz.

Fig. 7. 3D radiation pattern of the proposed B-shaped antenna array at (a) 4 GHz, (b) 8 GHz.
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Surface current distribution of the B-shaped antenna array has
been performed as shown in Fig. 6. At 4 GHz, maximum surface
current flows along some portion of annular-shaped strip lines

and T-shaped matching network as shown in Fig. 6(a). Strong
surface current flows in the B-shaped antenna array at 8 GHz as
depicted in Fig. 6(b).

Fig. 8. Prototype of fabricated 1 × 2 B-shaped antenna
array.

Fig. 9. Radiation pattern of B-shape antenna array: (a) E-plane at 4 GHz, (b) H-plane at 4 GHz, (c) E-plane at 8 GHz, and (d) H-plane at 8 GHz (
simulated, ––– measured).
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The simulated three-dimensional radiation patterns of the pro-
posed B-shaped antenna array have been displayed in Fig. 7. The
peak gain at 4 GHz is 9.17 dB as depicted in Fig. 7(a), whereas
the peak gain at 8 GHz is 9.73 dB as shown in Fig. 7(b). The fabri-
cated prototype of 1 × 2 B-shaped antenna array is shown in Fig. 8.

The radiation pattern of the proposed antenna array has
been measured in the anechoic chamber with dimensions 9 ×
4.5 × 4.9m3. The measured radiation patterns and the simulated
radiation patterns of B-shaped antenna array have been compared
in Fig. 9. E-plane radiation pattern is directional whereas the
H-plane radiation pattern is omni-directional. At 4 GHz, peak
gain 8.3 dB occurs at 0°, whereas minimum gain −29.5 dB occurs
at 240° as shown in Fig. 9(a). At 8 GHz, peak gain 9.4 dB exists
at 0°, whereas minimum gain −27.1 dB exists at 160° as depicted
in Fig. 9(c).

Peak gain and radiation efficiency of the proposed antenna
array are shown in Fig. 10. Measured peak gain ranges 7.5–8.3
and 7.8–9.4 dB at 3.7–4.2 GHz and 7.7–8.4 GHz, respectively.
The difference between the measured and simulated results is
due to the fabrication tolerance. Measured radiation efficiency
ranges 77.3–82.5% in the operating bands.

The comparison of the proposed B-shaped antenna array with
the existed literature has been reported in Table 2, where λo denotes

free space wavelength at the lowest frequency. The table shows that
the proposed antenna array is compact and possesses better gain
than [24, 25, 32]. Peak efficiency of the proposed antenna is com-
parable with [27]. Moreover, the impedance bandwidth (reference
−10 dB) is better than [24, 25, 30, 32], respectively.

Conclusion

We hereby proposed a dual-band 1 × 2 B-shaped patch antenna
array. The measured results show impedance bandwidths 320
and 600MHz at 3.84–4.16 and 7.78–8.38 GHz. Measured peak
gain at 4 and 8 GHz is 8.3 and 9.4 dB whereas radiation efficiency
is 82.5 and 81.2%, respectively. The dimension of the proposed
antenna array is 78 × 36 mm2. The results indicate the proposed
antenna array is a good candidate for the satellite communication
applications.
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