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Abstract: A dual-band google lens logo-based patch antenna with defected ground structure was 

designed at 5.3 GHz for wireless applications and 7.4 GHz for wi-fi application. The designed 

antenna consists of a rounded rectangular patch antenna with a partial ground structure fed by a 50 Ω 

microstrip line. A google lens shaped logo is subtracted from the rounded rectangular patch and some 

regular polygon shaped slots are subtracted from the ground plane to obtain good dual-band 

characteristics and better results in terms of gain, VSWR, and return loss. The proposed antenna has 

a measurement of 20 × 20 × 1.6 mm
3
 and provides wide impedance bandwidths of 0.23 GHz 

(5.17‒5.40 GHz) and 0.16 GHz (7.33–7.49 GHz) at center frequencies of 5.3 GHz and 7.4 GHz, 

respectively. The antenna was designed and simulated using an ANSYS Electronics Desktop. 

Fabrication of the antenna was obtained using chemical etching and the results were measured by 

using an MS2037C Anritsu combinational analyzer. The return loss characteristics for dual bands are 

-20.56 dB at 5.3 GHz and -19.17 dB at 7.4 GHz, respectively, with a VSWR < 2 at both the 

frequencies and a 4 dB gain is obtained. 

Keywords: dual band; return loss; impedance bandwidth; VSWR; surface current distribution; 

radiation pattern; gain 

 

1. Introduction 

Microstrip patch antennas are popular because of their low profile, versatile nature, robustness, 

https://dx.doi.org/10.3934/electreng.2023010
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ease of fabrication, affordable cost, conformal and planar structures, and many other advantages 

when compared to conventional antennas. These are widely used for communication within short 

ranges and high frequency applications. A low-profile antenna has a shorter height, width, and can be 

mounted on any flat surface. However, these patch antennas suffer from the drawbacks of a limited 

bandwidth, low directivity, and poor gain, constraining its applications. For a microstrip patch 

antenna, the size of the patch increases as the resonant frequency decreases; the shorter the frequency 

and the higher the wavelength, the larger the antenna can be made. Defected ground structure (DGS) 

is a novel approach with numerous applications in various fields that can be utilized in antenna 

design to improve antenna performance. Unlike conventional antennas, microstrip patch antennas are 

famous for their simple and compact structures, small size, and can be installed on any conformal 

plane within small area. They also exhibit good radiation characteristics with a considerable gain and 

directivity [1]. DGS is a technique that helps us improve characteristics such as increasing the 

bandwidth and the resonant frequency [2]. DGS also leads to miniaturization of the antenna and 

enhances the bandwidth [3]. Putting slots on the patch, using DGS, and altering the feed position will 

also contribute to obtaining circular polarization, which helps in impedance matching and 

improvement of return loss [4]. A microstrip patch antenna array with FR-4 epoxy as the substrate 

for C-band application is shown in [5], where the size of the antenna is large for C-band 80 x 80 mm
2 

applications and dual band response is achieved with high gain, which can be used as a receiving 

antenna for distance transmission. This antenna array is designed by modifying the initially designed 

single element patch antenna. This paper [6] shows how an antenna array with two elements of a 

maple-leaf shape containing three slots across the diagonal is designed for the C-band with an 

operating frequency of 7.45 GHz and is circularly polarized. A tri-band antenna with gap-coupled 

parasitic patches around the circular radiating patch results in three resonant frequencies, as shown in 

[7]. A parasitic patch antenna of an L shape which operates at three modes is proposed in [8], with an 

impedance bandwidth at all three frequencies. In [9], a multi-layered patch antenna is proposed with 

an aperture coupling for mutual coupling reduction between the array elements where two substrates 

are used, and the radiating element is placed on top of the upper substrate and the feeding is given 

from the bottom. However, the use of a multi-layered substrate makes the design complex than a 

simple patch antenna. A wideband 4 × 4 antenna array with stacked microstrip is proposed in [10], 

which uses a substrate integrated waveguide for feeding. These stacked microstrips are more 

complex while designing as integration of layers is needed but has good radiation efficiency. MIMO 

antennas are one of the key technologies with high efficiency and an accuracy in the field of wireless 

communications with large number of applications. A triple-band, two-port, MIMO antenna is shown 

in [11], which used stub geometry for C-band applications. Chen et al. [12] shows a design of an 

eight-port patch antenna for a C-band with a MIMO system which is both larger thicker. 

Electromagnetic band-gap structures are widely used to enhance the performance of the antenna, 

especially for the reduction of mutual coupling in the MIMO antennas. These band gap structures are 

sometimes placed between the array elements as either stubs or in the shape of some creative 

structures, as demonstrated in [13,14]. Monopole microstrip patch antennas usually consist of either 

partial or semi-infinite ground structures and are mostly bi-directional [15]. A monopole patch 

antenna structure is shown in [16‒21], with an enhanced gain by using the two monopole elements. 

In all the above analyses, these antennas either had complex structures with large areas or did 

not cover the frequency bands of wireless applications at 5.3 GHz and 7.4 GHz. This work presents 

the design of a dual band, google lens, microstrip patch antenna with some regular polygon shaped 
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slots in the ground plane for wireless applications. Wide impedance bandwidths of 0.23 GHz 

(5.17‒5.40 GHz) and 0.16 GHz (7.33–7.49 GHz) at center frequencies of 5.3 GHz and 7.4 GHz were 

utilized for wireless applications and WIFI applications, respectively. The return loss characteristics 

for dual bands are -20.56 dB at 5.3 GHz and -19.17 dB at 7.4 GHz, respectively, with a VSWR < 2 at 

both the frequencies and a 4 dB gain is obtained. This antenna achieves a considerable peak gain of 4 

dB with a radiation efficiency of 61.7% at both resonant frequencies. Moreover, the proposed 

antenna offers an omnidirectional radiation pattern in both the E and H-planes. The work is 

categorized as follows: Part 1 contains an introduction and a literature review. Part 2 contains a 

detailed overview of the design. Part 3 explains the results and part 4 wraps up the proposed work.  

2. Antenna design and configuration 

First, the proposed dual-band patch antenna is based on designing a rectangular patch antenna 

using basic microstrip patch antenna design considerations and then altering the antenna geometry to 

reach the desired dual band resonant frequencies. A rectangular patch antenna only has a good return 

loss in a particular frequency range. To attain dual band characteristics, this basic patch antenna 

design underwent a few changes. A FR4 epoxy material with a height of 1.6 mm was employed as 

the substrate [22‒26]. 

The proposed antenna has a size of 20 × 20 mm
2
 and is fed with a 50 Ω microstrip transmission 

line. The width of the rounded rectangular radiating patch is 18 mm and the length is 12 mm, which 

is center fed by a feed line with a length of 9 mm and a width of 1 mm. A google lens logo slot of 

size 6 mm × 6 mm is removed from the rounded rectangular patch. Initially, the ground plane's width 

is 20 mm and the length is 20 mm. Later, the size of the ground is partially reduced and modified by 

removing some regular polygon shapes and a circle in the middle of the ground plane. Figure 1 

shows a rounded rectangular patch without DGS. Figure 1 represents the basic microstrip patch 

antenna, Figure 2 represents the google lens logo antenna with full ground, and Figure 3 represents 

the google lens antenna with a partial ground having triangular slots. 

 

Figure 1. Iteration-1. 
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Figure 2. Iteration-2.        Figure 3. Iteration-3. 

A basic microstrip patch antenna is designed and resonates at 5.3 GHz and 7.4 GHz, with a 

minimal amount of return loss at both the frequencies. In the second iteration, a google lens logo 

shape is subtracted from the basic antenna to obtain an improved amount of return loss; at this point, 

an improved return loss has been obtained at both the frequencies and, at last, we have subtracted a 

polygon type structure from the ground. After subtracting that portion from the ground plane, a very 

minimal amount of return loss was obtained at both the frequencies with a return loss of -15 dB at 

5.3 GHz and -22 dB at 7.4 GHz for wireless communication applications. Figure 4 represents the top 

and bottom views of the microstrip rounded rectangular patch antenna. The dimensions that are 

utilized while designing the antenna are represented in Table 1. Figure 5 represents the fabricated 

prototype of the designed antenna in both top and bottom views. 

           

                             (a)                                   (b) 

Figure 4. Proposed antenna (a) Top view and (b) Bottom view. 
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Table 1. Design parameters values of the antenna. 

Parameters Dimensions (mm) Parameters Dimensions (mm) 

W 20 lf 7 

wp 18 l1 3 

wf 1 l2 2 

w1 8 d 1.6 

w2 4 r 1.5 

w 1 r1 1.5 

L 20 r2 2.5 

lp 12 r3 1.5 

 

                                (a)                          (b) 

Figure 5. Photograph of fabricated antenna (a) Top view and (b) Bottom view. 

3. Results 

The simulation of the suggested antenna was carried out in an Ansys Electronic Desktop, which 

is based on the finite element method, and the HFSS-IE uses the method of moments (MoM) [27‒30]. 

The antenna was excited by a lumped port and the boundary box had an area of 100 mm × 100 mm × 

50 mm [31,32]. Parametric studies for the step wise antenna design are represented in Figure 7. To 

prove that the simulation results are accurate, the suggested antenna was manufactured as depicted in 

Figure 5. Figure 6 represents the return loss of the rounded rectangular microstrip patch antenna 

having triangular shaped slots in the ground plane. The blue color line indicates the return loss of the 

first antenna iteration, where the return loss obtained is -10 dB at 5.3 GHz and -13 dB at 7.4 GHz. 

The black color dotted line represents the return loss of the second antenna iteration, where the return 

loss obtained is -12 dB at 5.3 GHz and -17 dB at 7.4 GHz. The red color solid line represents the 

return loss of the final antenna iteration, where the return loss obtained is -15 dB at 5.3 GHz and 

-20.2 dB at 7.4 GHz, which is suitable for wireless communication applications. The reflection 

coefficient S11 was measured using a MS2037C combinational analyzer. The variation of the 

reflection coefficient S11 of the suggested antenna is illustrated in Figure 7. The measured results 

shows that the antenna presents a broadband of 0.23 GHz (5.17‒5.40 GHz) and 0.16 GHz (7.33–7.49 
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GHz) with two resonant frequencies at 5.3 and 7.4 GHz with reflection coefficients of -15 dB and 

-20.5 dB, respectively. Chemical etching has been used for the design of the antenna. A return loss of 

-12 dB at 5.3 GHz and -18 dB at 7.4 GHz has been obtained for the measured antenna. Figure 9 

depicts the simulated surface current distribution of the suggested broadband antenna results 

acquired by an Ansys Electronic desktop at resonant frequencies 5.3 and 7.4 GHz. The measured 

return loss of the antenna is obtained by connecting the antenna to the combinational analyzer and 

the radiation pattern of the antenna is obtained by using an anechoic chamber by connecting the 

proposed antenna to the receiver end and the source antenna is taken as the standard horn antenna for 

measurement. 

 

Figure 6. Return loss plot of the designed antenna for all iterations. 

 

Figure 7. Simulated & Measured return loss plot of the proposed antenna. 
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Figure 8. VSWR plot of the proposed antenna. 

The proposed antenna is reported to have a high radiation pattern performance in the figure 

because it achieves an omnidirectional pattern in both the H-plane and the E-plane. The suggested 

antenna's radiation pattern and peak gain were measured in an anechoic room, as seen in Figure 10. 

Additionally, Figure 10 shows the observed radiation pattern at resonant frequencies of 5.3 and 

7.4 GHz along with the simulated outcomes obtained by the Ansys simulated antenna and the 

manufactured antenna. The recommended antenna is reported to have ahigh radiation pattern 

performance in the figure because it achieves an omnidirectional pattern in both the H-plane and the 

E-plane. Figure 11 shows the observed peak gain at both resonating frequencies. It is clear from the 

numbers that the recommended aerial performs well in terms of peak gain and radiation efficiency. 

At both resonant frequencies, the aerial provides a sizable gain of 4.029 dB. The VSWR of the 

antenna is shown in Figure 8, with a value less than 2 at both frequencies, which are 1.20 at 5.3 GHz 

and 1.24 at 7.4 GHz. The surface current distributions at the dual-band are shown in Figure 9, where 

the maximum current density is 189 Am
-1

 and 173 Am
-1

 at 5.3 GHz and 7.4 GHz, respectively, which 

is due to the coupling between feed line and patch. The maximum current density of the rounded 

rectangular patch without slots and DGS is 50 Am
-1

 and 49 Am
-1

, respectively, from which we can 

observe that the current density increases after altering the structure by putting slots and using 

defected ground. It is seen that the path of the current distribution is different for the two frequencies 

and is three times more than that of the antenna model with slots rather than the antenna model 

without slots. At a resonance of 5.3 GHz, the current is distributed vertically, whereas at a resonance 

of 7.4 GHz, the current is distributed horizontally. Figures 10‒13 represent the radiation pattern of 

the proposed antenna by varying the elevation and azimuthal angles at two resonating frequencies. It 

can be observed that the cross-polarization is very low at 5.3 GHz in both the E-plane and H-plane. 

Figure 14 represents the gain of the proposed antenna and a gain of 4 dB is obtained at both 

frequencies.  
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                      (a)                                      (b) 

 

                      (c)                                      (d) 

Figure 9. (a) Vector current distribution at 5.3 GHz (b) Vector current distribution at 

7.4 GHz (c) H-Field of the proposed antenna at 5.3 GHz (d) H-Field of the proposed 

antenna at 7.4 GHz. 

 

(a)                                 (b) 

Figure 10. Simulated and measured radiation pattern of the proposed antenna in terms of 

azimuthal angle at 5.3 GHz (a) Փ = 60
o
 (b) Փ = 120

o 
(c) Փ = 180

o
. 
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(c) 

Figure 10. Continued.
 

 

(a)                    (b) 

 

(c)
 

Figure 11. Simulated and measured radiation pattern of the proposed antenna in terms of 

azimuthal angle at 7.4 GHz (a) Փ = 60
o
 (b) Փ = 120

o 
(c) Փ = 180

o
. 
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(a)                          (b) 

 

(c) 

Figure 12. Simulated and measured radiation pattern of a proposed antenna in terms of 

elevation angle at 5.3 GHz (a) θ= 60
o
 (b) θ = 120

o 
(c) θ = 180

o
. 
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                       (a)                                   (b) 

 

(c) 

Figure 13. Simulated and measured radiation pattern of a proposed antenna in terms of 

elevation angle at 7.4 GHz (a) θ = 60
o
 (b) θ = 120

o 
(c) θ = 180

o
. 
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Figure 14. 3D Gain plot of the proposed antenna. 

 

Figure 15. Measurement setup of gain and radiation pattern in an anechoic chamber. 

Table 2 compares several antennas that have been previously published in the literature to the 

proposed broadband antenna for wireless applications. The antenna shown in [17,22] was big and did 

not shift all the resonant frequencies of wireless applications. When compared to the antenna we 

constructed, the antenna suggested in [18] offered a modest gain. The antenna in [19] was huge in 

size and had a constrained impedance bandwidth. The antenna in [20] had a straightforward design, 

but didn't cover all of the necessary bands for our resonant frequencies and had a lower gain than our 

antenna. According to [21], the antenna only covered some of the bands and featured a complicated 

construction printed in Taconic RF-35. The comparison demonstrates that the proposed broadband 

antenna has a number of benefits over earlier reported antennas [8–22] in terms of size, impedance 

bandwidth, and gain. 
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Table 2. Comparison of the suggested antenna performances with other antennas in the literature. 

Reference No Size (mm2) Type of Substrate Bandwidth 

(GHz) 

Resonant Frequency 

(GHz) 

Peak Gain (dB) 

[17] 60 × 90 FR-4 0.7 

0.3 

2.4 

5.2 

5.6 

2.76 

2.9 

2.44 

[18] 57 × 31.2 FR-4 0.3 

0.9 

0.85 

2.45 

3.5 

5.5 

1.19 

1.59, 

2.39 

[19] 56 × 37 FR-4 0.26 

0.39 

0.2 

0.19 

2.43 

3.83 

4.48 

5.8 

2.2  

2.8  

3.3 

2.2 

[20] 60 × 60 FR-4 0.3 

0.4 

2.46 

3.5 

2.61  

2.7 

[21] 120 × 70 Taconic RF-35 1.98 2.46 

3.5 

2.11 

3.48 

[22] 60 × 45 FR-4 0.7 

0.26 

2.6 

3.5 

3.1 

3.3 

[23] 50 × 50 FR-4 0.22 3.6 

5.3 

2.78  

2.32 

Proposed Work 20 x 20 FR-4 0.26 

0.16 

5.3 

7.4 

4.094 

4.094 

4. Conclusions 

A dual-band google lens logo-based patch antenna with a defected ground structure at 5.3 GHz 

and 7.4 GHz is designed and fabricated. This antenna is printed on an FR4 substrate with a 

dimension of 20 × 20 × 1.6 mm
3
. Wide impedance bandwidths of 0.23 GHz (5.17‒5.40 GHz) and 

0.16 GHz (7.33–7.49 GHz) at center frequencies of 5.3 GHz and 7.4 GHz were utilized for wireless 

applications and WIFI applications, respectively. The return loss characteristics for dual bands are 

-20.56 dB at 5.3 GHz and -19.17 dB at 7.4 GHz, respectively, with a VSWR < 2 at both the 

frequencies and a 4 dB gain is obtained. This antenna achieves a considerable peak gain of 4 dB with 

a radiation efficiency of 61.7% at both resonant frequencies. Moreover, the proposed antenna offers 

an omnidirectional radiation pattern in both E and H-planes. 
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