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antenna configurations. Each array element consists of a rectangular microstrip
patch excited by a microstrip line, specifically optimized to resonate at a frequency
of 5.3 GHz. A central feature of the proposed design is the integration of a
dumbbell-shaped Defected Ground Structure (DGS), strategically employed to
suppress mutual coupling effects between the adjacent antenna elements. The
inclusion of the DGS structure leads to a notable reduction in mutual coupling
measured to be approximately 15 dB without compromising the integrity of the
radiation characteristics in both the E-plane and H-plane. Comprehensive
simulations of the surface wave distribution further confirm the role of the DGS in
diminishing surface wave propagation, thereby enhancing the isolation between
elements. Beyond its electromagnetic performance, the antenna design offers
several practical advantages, including ease of fabrication, mechanical flexibility,
and a compact, low-profile form factor that makes it suitable for integration into
conformal platforms such as aircraft fuselages or wearable systems. The results
indicate that the proposed antenna structure not only achieves efficient inter-
element isolation but also maintains desirable radiation properties, marking it as a
promising candidate for modern wireless and radar communication applications
requiring compact, conformal, and high-performance antenna arrays.

INTRODUCTION

Mutual coupling effects play a significant role in various applications, with potential consequences such as scan

blindness in phased arrays with extensive scanning angles, degradation of side lobe levels in antenna arrays, and
compromised performance of adaptive nulling in radar, communication, and other systems [1, 2]. In the context of
conformal antennas, numerous methods exist for the assessment and mitigation of mutual coupling effects [3-5].
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For instance, [3] employs a method of moments to analyze mutual coupling between rectangular patches on a
multilayer circular-cylindrical structure. In [4], an interpolation technique is utilized to address mutual coupling
issues in a conformal microstrip array. The impact of mutual coupling on correlation is investigated for printed
antennas on a cylindrical substrate in [5]. It is emphasized that, in practical applications, mutual coupling reduction
often holds more significance than mutual coupling compensation.

Several methods for mutual coupling reduction in the planar case include optimizing antenna dimensions,
grooving the dielectric [6], adding additional dielectric layers to cover the patch [7], using shorting pins to cancel
out capacitive polarization currents [8], introducing parasitic conducting tape between two antennas [9, 10], or
employing a dielectric with band-gap properties [11]. Furthermore, periodic structures like photonic band-gap (PBG)
and defected ground structures (DGS) have gained popularity due to their versatile applications in antennas and
microwave circuits [12].

DGS is implemented by etching a defect into the ground plane of planar circuits and antennas. This defect disrupts
the shield current distribution in the ground plane, altering transmission line characteristics such as capacitance and
inductance. Consequently, DGS can furnish wide band-stop characteristics in specific frequency bands with just one
or a small number of unit cells.

A prevalent drawback of microstrip antennas lies in the diminished radiation efficiency caused by the excitation
of surface waves through the substrate layer [13]. This issue is further compounded by the disruption of the radiation
pattern due to edge diffraction resulting from surface waves. In the context of arrays, surface waves not only
contribute to these mentioned drawbacks but also exert a substantial influence on the mutual coupling between array
elements. This impact is particularly disadvantageous in array designs where extremely low side lobe levels are
crucial or in scanning array configurations, where impedance and pattern anomalies associated with scan blindness
pose potential challenges for array designers [14].

To mitigate the effects of surface waves, the utilization of synthesized or micromachined substrates with a low
effective dielectric constant is recommended. In recent years, the integration of Photonic Band Gap (PBG) structures
has marked a significant breakthrough in enhancing the characteristics of microstrip antennas [13]. In this paper, we
propose the incorporation of a Defected Ground Structure (DGS) unit within a three-element microstrip array. This
DGS unit effectively suppresses surface waves, thereby reducing mutual coupling between three conformal
microstrip rectangular patch antennas and resulting in very high isolation between array elements.

2.  DESCRIPTION OF DGS CONFIGURATION AND FREQUENCY RESPONSE

In Fig. 1(a), the geometry of a dumb-bell shaped Defected Ground Structure (DGS) etched on the ground plane
of a conventional 50-ohm microstrip transmission line is presented, where the dielectric constant is 4.3, and the
thickness is 20 mil. The proposed DGS is represented by a parallel LC resonator in series with the transmission line,
as depicted in Fig. 1(b). The equivalent circuit and the method for extracting the circuit parameters are extensively
discussed [15]. The study demonstrates that the effective inductance of the microstrip increases with two connected
square apertures etched on the ground plane, and the width of the connecting gap determines the shunt capacitance.
Notably, both the inductance and capacitance levels can be independently controlled by adjusting the aperture area
and the gap width, respectively.
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Fig. 1. (a) Microstrip transmission line with the DGS unit etched on the ground plane (a=b=8 mm, g=0.2 mm and w=0.955
mm). (b) Equivalent circuit of the DGS microstrip line proposed previously [15].

Utilizing CST Microwave Studio, the S-parameters of the defected ground microstrip line were computed, as
presented in Fig. 2. The depicted results reveal that the DGS microstrip exhibits band-stop behavior, characterized
by an attenuation pole at 5.3 GHz. The existence of a bandgap in such a structure has proven beneficial for enhancing
the design characteristics of various microwave circuits. In this context, the Defected Ground Structure (DGS) is
employed specifically to mitigate mutual coupling between elements in a microstrip antenna array.

S-Parameter [Magnitude in dB]
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Fig. 2. Full-wave simulated S-parameters of the defected ground microstrip line.

3. SINGLE ELEMENT ANTENNA STRUCTURE

The configuration of the rectangular patch antenna is depicted in Figure 3. The patch has been meticulously
modeled using CST Microwave Studio, and its dimensions have been fine-tuned to achieve resonance at 5.3 GHz.
The conclusive dimensions of the entire microstrip patch are detailed in Table 1. Figure 4 illustrates the return loss
of the patch element antenna. Evidently, the antenna resonates at 5.3 GHz, exhibiting a return loss of less than -10
dB within a bandwidth of 44 MHz.
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Fig. 3. The microstrip antenna dimensions when exposed to no curvature.
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Fig. 4. Full-wave simulated Return-loss of the single microstrip antenna.

Table 1. Antenna Dimensions in mm

Parameters W L Si Sg Lf Wi Substrate Height
Value 17.37 13.395 55 035 15.65 0.955 0.5

4. THE PROPOSED CONFORMAL ANTENNA ARRAY STRUCTURE

Three patch elements were evenly distributed on a cylindrical substrate. The substrate, used for modeling, has a
thickness of 20 mil, with a dielectric constant of er = 4.3. The conductive material in the model is composed of 0.07
mm thick copper. The radius of the cylinder is set to be approximately one-quarter wavelength, and the height is
specified as H = 30 mm. Within the cylinder, a continuous ground plane made of 0.07 mm thick copper is present.
Figure 5 displays the model of the antenna array as represented in the simulation software.
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Fig. 5. A 2-D view of the modeled 3-element array.

155



A. Monajati & N. Safaverdi/ Transactions on Machine Intelligence 5(3) (2022) 152-159

5. THE PERFORMANCE EVALUATION

The cylindrical structure depicted in Figure 5 has been simulated using a commercially available finite element
package, CST Microwave Studio. Various cylinders with radii of 14.15 mm were analyzed, while keeping the
remaining antenna parameters constant. The simulation results, specifically the return loss of port 1 of the array and
the coupling among the antenna elements, are presented in Figure 6. It is evident from Figure 6 that the coupling
between elements for a 14.15 mm radius cylinder is approximately -40 dB at the resonant frequency.
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Fig. 6. Simulated coupling of the 3-element array conformed on cylinders with radii of 14.15 mm.

In the next step, DGS is used to mutual coupling reduction of a three-element microstrip antenna array.
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Fig. 7. A 3-D view of the (a) ground structure (b) modeled 3-element array.

The simulated S11, S21, and S31 parameters are illustrated in Fig. 8. The inclusion of the dumb-bell shaped
Defected Ground Structure (DGS) etched on the ground plane results in a notable reduction in the S21 parameter,
decreasing from -40 dB to -52.5 dB at the corresponding resonant frequency. This equates to a mutual coupling
reduction of 12.5 dB. Similarly, the S31 parameter is reduced from -40 dB to -55.16 dB at the corresponding resonant
frequency, yielding a substantial 15.16 dB reduction in mutual coupling across the antenna bandwidth.

Table 2. Antenna dimensions in mm.

Parameters a b g w
Value 10 145 02 0955
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Fig. 8. Simulated coupling of the 3-element array conformed on cylinders with radii of 14.15 mm with DGS.

The surface waves of the antennas, both with and without the Defected Ground Structure (DGS), are depicted in
Fig. 9. A clear comparison illustrates that the DGS structure effectively suppresses the mutual coupling between the
three patches. Importantly, the introduction of the DGS structure does not adversely impact the radiation patterns of
the antenna, as evident in Fig. 10. The radiation patterns exhibit no significant distortion, reaffirming the
advantageous impact of the DGS structure on mutual coupling without compromising the antenna's radiation
characteristics.

(a) (b)
Fig. 9. The surface wave distributions of the conformal antenna (a) without DGS (b) with DGS.
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Fig. 10. Simulated (a) E-plane and (b) H-plane radiation patterns at the resonant frequency. The resonant frequency of the patch
is 5.3 GHz
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6. CONCLUSION

This paper introduces a novel approach to mitigate mutual coupling between three conformal microstrip patch
antennas through the incorporation of a dumb-bell shaped defect on the ground plane. Simulated results demonstrate
a notable 15 dB reduction in mutual coupling within the impedance bandwidth. The defected ground structure
effectively suppresses surface waves, resulting in significantly reduced mutual coupling among the conformal
patches. This DGS structure proves to be valuable for mutual coupling reduction in planar or conformal antenna
arrays.
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