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Abstract:  
 

A low-profile patch antenna based on artificial magnetic conductors (AMC) is being 

developed for microwave applications. In this article, we proposed an antenna with a 

DGS (defective ground structure) structure and an array of AMC to improve the antenna's 

radiation performance. There is an air gap of 10 mm present between proposed antenna 

and AMC surface. The proposed models operate at two operating frequencies with S11 

values of less than - 10 dB in the 4.20-4.28 and 4.86-5.0 GHz bands, respectively. The 

antenna achieved a gain of 10.1 dBi at 4.25 GHz and 9.54 dBi at 4.91 GHz, respectively. 

A significant degree of agreement exists between the antenna's simulated and measured 

parameters. 

 

1. Introduction 
 

Over the last few decades, the adoption of microstrip 

patch antennas for any type of microwave 

applications has had a tremendous impact on 

wireless communications. Traditional patch 

antennas have various drawbacks in their radiation 

parameters. There are several approaches for 

enhancing the efficiency of antennas. In recent years, 

there has been a proliferation of cutting-edge 

methodologies and models for antenna and AMC 

design [1-4]. different kinds of antennas like 

wearable antennas, planer antennas, microstrip 

antennas, and monopole antennas have been 

proposed for microwave applications [5, 6]. 

Unfortunately, the fact that these antennas are 

limited to a single frequency band means that 

designing a single antenna will not result in gain 

enhancement. A dual-band, dual-polarized antenna 

for WLANs was developed in [7] and placed on an 

AMC reflector. A dual-band antenna with 

independently controlled radiating elements could 

have gained up to 3.1 dBi, as proposed in [8]. The 

antennas described in references [9] and [10] are 

complexly built and have gains greater than 10 dB, 

which limits their practical use. so, the goal of 

developing a wideband microstrip antenna that is 

compact, light, inexpensive remains unfulfilled. A 

dual- band antenna such as that described in [11] is 

suitable for long-distance communications because 

it has a high gain, can be dual circularly polarized, 

and has minimal backward radiation. 

Unfortunately, the fact that these antennas are 

limited to a single frequency band means that 

designing a single antenna will not result in gain 

enhancement. A dual-band, dual-polarized antenna 

for WLANs was developed in [7] and placed on an 

AMC reflector. A dual-band antenna with 

independently controlled radiating elements could 

have gained up to 3.1 dBi, as proposed in [8]. The 

antennas described in references [9] and [10] are 

complexly built and have gains greater than 10 dB, 
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which limits their practical use. so, the goal of 

developing a wideband microstrip antenna that is 

compact, light, inexpensive remains unfulfilled. A 

dual- band antenna such as that described in [11] is 

suitable for long-distance communications because 

it has a high gain, can be dual circularly polarized, 

and has minimal backward radiation. 

Unfortunately, the fact that these antennas are 

limited to a single frequency band means that 

designing a single antenna will not result in gain 

enhancement. A dual-band, dual-polarized antenna 

for WLANs was developed in [7] and placed on an 

AMC reflector. A dual-band antenna with 

independently controlled radiating elements could 

have gained up to 3.1 dBi, as proposed in [8]. The 

antennas described in references [9] and [10] are 

complexly built and have gains greater than 10 dB, 

which limits their practical use. so, the goal of 

developing a wideband microstrip antenna that is 

compact, light, inexpensive remains unfulfilled. A 

dual- band antenna such as that described in [11] is 

suitable for long-distance communications because 

it has a high gain, can be dual circularly polarized, 

and has minimal backward radiation. 

 

2. 2. Design description of proposed antenna 
 

(a)                                                     (b)                                                        (c) 

Figure 1. Proposed spike shaped patch antenna (a) Front side (b) Back side with full ground and 

(c) Backside ground with DGS (defective ground structure) 

 
Table. 1. Proposed antenna dimensions 

Parameter Dimension(mm) 

L 10.0 

W 10.0 

Lp 3.75 

Wp 4.96 

L1 0.4 

L2 0.2 

Wg 2.0 

ds 1.0 

ts 0.8 

 

As illustrated in figure 1, the spike shaped patch 

antenna contains spikes around the patch antenna 

and the radius of any spike is chosen as 0.5mm. A 

copper material is chosen as a conductive material 

for both ground and the spike shaped patch. FR-4 

material with a thickness of 0.8mm is chosen as a 

dielectric substrate for the antenna. S11 (dB) plot for 

the proposed antenna covered with full copper for 

ground layer is shown in figure 2 and in order to 

achieve two resonant frequency bands, the ground 

plane is equipped with T-shaped slots, as illustrated 

in figure 3. 

 

3. Results Description 
 

From the figure 2, it can be noted that with numerical 

simulation tool like CST studio, the antenna is 

resonating at 4.58GHz frequency with S11 of -

12.51dB, whereas with measurement the antenna 

structure is resonating at same frequency with 

reflection coefficient (S11) of - 11.70dB. Here red 

colour indicates simulated S11 and black coloured 

dotted line indicates measured S11.Here, we 

obtained less S11 value and antenna is operating at 

only single operating frequency band. So, to improve 

the number of resonating frequency bands, we have 

taken concept of defective ground structure (DGS). 

Here, a T-shaped slots are arranged for the ground 

plane. As a result the antenna is operating at two 

frequencies in C-band. The simulated S11 plot is 

clearly represented by the solid red curve in Figure 

3, whereas the measured S11 plot is denoted by the 
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dot-marked black curve. The simulated S11 

parameter exhibits resonance at 4.25 GHz and 4.91 

GHz with magnitudes of -19.93 dB and -29.79 dB, 

respectively. In contrast, the measured S11 

parameter exhibits resonance at the same 

frequencies with magnitudes of -16.05 dB and 19.73 

dB respectively 

 

Figure 2. S11 (dB) for the proposed spike shaped patch 

antenna without DGS 

 

 

 
Figure 3. S11 (dB) for the proposed spike shaped patch 

antenna with DGS 

 

From the figure 2, it can be noted that with numerical 

simulation tool like CST studio, the antenna is 

resonating at 4.58GHz frequency with S11 of -

12.51dB, whereas with measurement the antenna 

structure is resonating at same frequency with 

reflection coefficient (S11) of - 11.70dB. Here red 

colour indicates simulated S11 and black coloured 

dotted line indicates measured S11.Here, we 

obtained less S11 value and antenna is operating at 

only single operating frequency band. So, to improve 

the number of resonating frequency bands, we have 

taken concept of defective ground structure (DGS). 

Here, a T-shaped slots are arranged for the ground 

plane. As a result the antenna is operating at two 

frequencies in C-band. The simulated S11 plot is 

clearly represented by the solid red curve in Figure 

3, whereas the measured S11 plot is denoted by the 

dot-marked black curve. The simulated S11 

parameter exhibits resonance at 4.25 GHz and 4.91 

GHz with magnitudes of -19.93 dB and -29.79 dB, 

respectively. In contrast, the measured S11 

parameter exhibits resonance at the same 

frequencies with magnitudes of -16.05 dB and 19.73 

dB respectively.  

 

 
Figure 4. Unitcell structure of the proposed AMC 

surface 

The obtained peak gains for the proposed antenna 

with DGS structure alone achieved a maximum peak 

gain of 3.5dBi within the frequency bands from 

(4.20-4.28) GHz and (4.86- 5.0) GHz. So, to enhance 

the performance of the proposed antenna, we have 

proposed an AMC (artificial magnetic conductor) 

layer for improving the antenna’s performance. The 

proposed AMC layer’s unitcell with dimensions for 

each and every element present on the unit cell is 

given in figure 4. From the figure 4, we can note that 

the proposed unit cell contains two square typed 

rings and a square typed patch and the unit cell 

dimension is chosen as 10x 10 mm2 When an AMC 

layer is arranged at the bottom side of the antenna as 

shown in figure 5(b), the obtained S11 plot is shown 

in figure 8. The fabricated model and its 

measurement setup is shown in figure 6 and 7 

respectively. 

The obtained peak gains for the proposed antenna 

with DGS structure alone achieved a maximum peak 

gain of 3.5dBi within the frequency bands from 

(4.20-4.28) GHz and (4.86- 5.0) GHz. So, to enhance 

the performance of the proposed antenna, we have 

proposed an AMC (artificial magnetic conductor) 

layer for improving the antenna’s performance. The 

proposed AMC layer’s unitcell with dimensions for 

each and every element present on the unit cell is 

given in figure 4. From the figure 4, we can note that 

the proposed unit cell contains two square typed 

rings and a square typed patch and the unit cell 

dimension is chosen as 10x 10 mm2  
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                                          (a)                                                                        (b) 
Figure 5. Proposed antenna with an AMC surface (a) Top view and (b) side views 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

(a)                                                                          (b) 

 

Figure 6. Proposed fabricated models (a) antenna (b) AMC surface 

 

 
Figure 7. Measurement setup of antenna and AMC 

 

When an AMC layer is arranged at the bottom side 

of the antenna as shown in figure 5(b), the obtained 

S11 plot is shown in figure 8. The fabricated model 

and its measurement setup is shown in figure 6 and 

7 respectively. 

 
 

Figure 8. S11(dB) for the proposed antenna with an 

AMC layer 
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(a)                                                                        (b) 

Figure 9. 3D radiation patterns of the antenna with DGS and using an AMC layer at (a) 4.25 GHz and (b) 4.91GHz 

frequencies 

 

In figure 5, the yellow colour indicates conductive 

part and magenta colour indicates dielectric material 

for both antenna and AMC layers. Based on the data 

presented in Figure 8, it is evident that the simulated 

S11 parameter exhibits resonance at 4.27 GHz and 

4.98 GHz with magnitudes of -14.07 dB and -12.83 

dB, respectively, caused by the AMC surface and 

with measurementation, S11 exhibits resonance at 

the same frequencies with magnitudes of 12.58 dB 

and -12.15 dB respectively. 3D radiation patterns of 

the antenna with DGS and using an AMC layer at 

4.25 GHz and 4.91GHz frequencies are shown in 

figure 9. 

 

(a)                                                                                       (b) 

Figure 10. Radiation patterns of the antenna with an AMC layer at 4.25 GHz frequency in both 

(a) E- and (b) H-planes, 
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(a)                                                                                      (b) 

Figure 11. Radiation patterns of the antenna with an AMC layer at 4.91 GHz frequency in both 

(a) E- and (b) H-planes, 

 
 

(a)                                                            (b)                                   (c) 

Figure 12. E-distribution of the proposed spike shaped patch antenna with an AMC layer at (a) 

4.25GHz (b) 4.91GHz frequencies with (c) scale 

 
 

(a)                                                            (b)                                   (c) 

Figure 13. H-distribution of the proposed spike shaped patch antenna with an AMC layer at        (a) 4.25GHz (b) 

4.91GHz frequencies with (c) scale 
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(a)                                                            (b)                                   (c) 

Figure 14. Surface current distributions of the proposed spike shaped patch antenna with an AMC layer at (a) 4.25GHz 

(b) 4.91GHz frequencies with (c) scale 

 

Figure 15. Radiation efficiency versus frequency plot of 

the proposed antenna with an AMC layer 

Figure 16. Gain versus frequency plot of the proposed 

antenna with an AMC layer 

 

For a better understanding of the performance 

enhancement of combined antenna with AMC, 

rather than the single antenna alone with DGS, the 

radiation patterns for the single antenna and antenna 

+ AMC combination at a lower frequency 4.25 GHz 

and the upper frequency 4.91 GHz both in E-plane 

and H-planes with AMC is explained clearly in 

figure 10 and figure 11 for both resonant frequencies 

respectively. From figure 10 and figure 11 we can 

observe that there is small amount of back radiation 

due to AMC structure. From figure 12, it can be 

noted that a maximum electric field can be observed 

on gaps present between the spikes at both resonant 

frequencies and a minimum H-field can be observed 

at both resonant frequencies as shown in figure 11. 

Similarly, Surface current distributions of the 

proposed spike shaped patch antenna with an AMC 

layer is shown in figure 14 at both resonant 

frequencies. Gain and efficiency plots for the 

proposed spike shaped patch antenna with an AMC 

layer is shown in figure 15 and figure 16 

respectively. From the figure 15, it can be noted that 

the red-coloured solid line represents simulated plot 

and black coloured dotted line represents measured 

plot. The simulated obtained gains of the DGS patch 

antenna with AMC were 10.1 and 9.54 dBi at 

4.25GHz and 4.91GHz frequencies respectively, 

whereas the measured gains of the DGS patch 

antenna with AMC were 9.83 and 9.35 dBi at 

4.25GHz and 4.91GHz frequencies respectively. 

To demonstrate the entire spike-shaped antenna, we 

use an equivalent circuit model and test it using the 

ADS tool. Figure 17 shows that inductor L3 

represents the whole radiating patch, while capacitor 

C3 represents the space between any two spikes. In 

the same way, an inductor L4 represents the 

complete ground plane of the antenna, and the gap 

present in the ground plane like a T-shape can be 

indicated by C4. To replicate the S-parameter 

response depicted in Figure 18, the RF input is 

matched to a 50-ohm impedance to produce the 

expected outcome. To achieve the desired return loss 

(S11) response, the initial and final frequencies are 

configured to 3.5 GHz and 5.5 GHz, by employing a 

50 MHz frequency increment respectively. Figure 16 

shows that the X-axis specifies a frequency range of 
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3.5 to 5.5 GHz, and the Y-axis displays the chosen 

S11 (dB). Table 2 shows the results of comparing 

this work to the current state of the art. As can be 

seen from the table, the proposed antenna structure 

achieved maximum peak gain while maintaining a 

small dimension of 50.0 x 50.0 mm2. 

 

Figure 17. Equivalent circuit model of the proposed antenna with an AMC layer 

Figure 18. S11 (dB) plot for the of the proposed antenna with DGS 

 

To demonstrate the entire spike-shaped 

antenna, we use an equivalent circuit model 

and test it using the ADS tool. Figure 17 

shows that inductor L3 represents the whole 

radiating patch, while capacitor C3 represents 

the space between any two spikes. In the same 

way, an inductor L4 represents the complete 

ground plane of the antenna, and the gap 

present in the ground plane like a T-shape can 

be indicated by C4. To replicate the S-

parameter response depicted in Figure 18, the 

RF input is matched to a 50-ohm impedance 

to produce the expected outcome. To achieve 

the desired return loss (S11) response, the 

initial and final frequencies are configured to 

3.5 GHz and 5.5 GHz, by employing a 

50 MHz frequency increment respectively. 

Figure 16 shows that the X-axis specifies a 

frequency range of 3.5 to 5.5 GHz, and the Y-

axis displays the chosen S11 (dB). Table 2 

shows the results of comparing this work to 

the current state of the art. As can be seen 

from the table, the proposed antenna structure 

achieved maximum peak gain while 

maintaining a small dimension of 50.0 x 50.0 

mm2. 
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Table 2.Comparision table for the proposed work with existing 

Ref. No. Substrate 

material 

Operating 

Frequency band 

Maximum 

obtained peak 

gain 

(dBi) 

Antenna size 

(mm2) 

[12] Rogers S 6.40 83.0 x 89.0 

[13] Rogers S 9.40 36.0 x 18.0 

[14] PDMS S 5.20 21.0 x 21.0 

[15] Rogers S 6.20 39.0 x 30.0 

[16] Polyimide S and C 6.90 61.5 x 61.5 

[17] FR4 S and C 8.20 29.2 x 29.2 

[18] Polymide S and C 7.87 49.0 x 29.0 

[19] FR-4 C and X 17 20 x 12 

[20] FR-4 S, C, X and Ku 7.18 40.0 x 44.0 

[21] FR-4 S, C, X and Ku 4.8 50.0 x 50.0 

[22] FR-4 S and L 6.8 70.0 x 31.0 

[23] RT-Duroid S 4.9 41.52 x 35.9 

[24] FR-4 S, C, X and Ku 5.44 20.0 x 20.0 

[25] FR-4 S and C 5.86 30.0 x 17.0 

[26] FR-4 S and C 4 50.0 x 52.0 

This work FR4 C 10.1 50.0 x 50.0 

 

4. Conclusions 

 

We have designed, fabricated and tested a low-

profile, dual-band, small size antenna provided by 

AMC. Here an AMC is employed to improve the 

antenna’s performance and to limit backward 

radiation. The antenna and AMC surfaces are made 

of 0.8 mm thick FR4 substrate. The antenna has a 

total dimension of 10*10*0.8 mm3. The antenna was 

supported by a variety of AMC array sizes to 

improve its performance. Inside the bands, the 

antenna gain was determined to be 10.1 and 9.42 

dBi, respectively and radiation parameters of the 

antenna with and without AMC is verified. The 

electric, magnetic and surface current distribution of 

the antenna with AMC layer is verified and hence 

the proposed antenna with AMC structure is very 

much useful for wireless and other microwave based 

applications. 
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