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 This paper discusses the design of a monopole antenna with various types of 

defected ground structures (DGS) for ultra-wideband (UWB) applications. 

The various types of DGSs are designed and acted as the ground layer of the 

antenna. The bandwidth of each design is then compared with and without the 

existence of DGS. Conventional monopole antenna has a bandwidth of 88.6% 

and operates in the frequency range of 3.1 to 8 GHz. According to the 

simulation results, the bandwidth of the monopole antenna with V-shaped 

DGS was the highest, which was at 133.3% (2.98-14.9 GHz), as compared to 

other types of DGS. The efficiency was between 30 to 64%, with a peak 

realized gain of 5.3 dB. The V-shaped DGS is then fabricated on a rogers 

RO4003C substrate with a relative permittivity, 𝛆𝐫, of 3.38 and a dimension 

of 29.86×39.03×0.81 mm. The antenna is measured using R&S network 

analyzer and the results were 3-8.5 GHz and 95.4% of BW, which signified 

the increased performance of the antenna. 
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1. INTRODUCTION 

Nowadays, the antenna represents the key component in wireless communication and microwave 

imaging applications. Compact, easy to fabricate, low profile and low cost are the requirements of antennas for 

future communication applications and microstrip monopole antenna fulfills these requirement [1], [2]. The 

main aim of the current research is to propose a design for a small high-performance antenna. Various 

approaches have been taken by previous researchers, such as notches and slots [2]–[8], tuning stub [8], [9], 

electromagnetic bandgap (EBG) [10]–[12], magneto-dielectric substrate [13], dielectric substrates with high 

permittivity [14] and defected ground structure (DGS) [15]. 

In this research, the focus is on the DGS. DGS can be defined as the region of any shape that is etched 

off from the ground plane. Electrical current flow distribution is affected by the design of the ground plane and 

causes excitation and propagation of an electromagnetic wave, which is manipulated by passing the current 

through the substrate [16]. As compared to other techniques such as EBG, DGS can be easily applied to 

microwave circuits and could increase the accuracy with just its basic structures [17]. The advantage of DGS 

is that the slow-wave effect can be achieved easily by using only one or a few DGS structures. This results in 
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the reduction of the circuit size [18], [19]. The slow-wave effect can reduce the velocity of the transmission 

line's group or increase its group latency to compress microwave design with slow-wave structures [20]. 

Current research has revealed that the presence of Y-shaped DGS improved the isolation and 

impedance bandwidth of the multiple-input and multiple-output (MIMO) antenna system, which was 

developed in a compact space [21]. DGS has also led to an improvement in the antenna’s impedance 

performance [1], [15], [22], [23]. Size reduction and resonance frequency shifting of microstrip patch antenna 

were achieved by using a DGS consisting of concentric rings and a rectangular slot [18], [24]–[26]. Aside from 

bandwidth enhancement, the implementation of DGS with rectangular and triangle slots improved the cross-

polarized suppression and gain of the antenna [27]. 

DGS is used to change the transmission line characteristics by disturbing the ground plane current 

distribution towards the antenna [28]. Thus, the resonance frequency for this equipment can be predicted. For 

the improvement of the antenna performance, the defect's shape can be modified from a basic to a complex 

shape. Various DGS geometries have been described, such as slot, spiral, H-shaped, concentric ring [24], U 

and V-shaped [29], split ring resonator (SRR), meander lines [19], fractals and dumbbell-shaped [26], which 

includes square heads, arrowheads, circular heads, U-heads, and others geometries [30]. Changes in the area 

of the slot will directly change the property of the effective inductance and its capacitance, although it is made 

of the same substrate. The decrement of the slot area leads to the increment of effective inductance and as a 

result, the effective capacitance will decrease and the resonance frequency will increase [28]. 

In this paper, the design of a monopole antenna with various types of DGSs for ultra-wideband (UWB) 

applications is presented and discussed. This work determines the appropriate DGS for UWB monopole 

antenna by analyzing the performance of six different shapes of DGS for the same monopole antenna based on 

their return loss value, S11 (dB), from simulation results. The operating frequency used for electromagnetic 

simulation tool, computer simulation technology (CST) is from 2.98 GHz to 14.9 GHz. The proposed antenna 

is fabricated and measured with an R&S vector network analyzer. 

 

 

2. METHOD 

2.1.  Antenna design 

A monopole antenna i s  one-half of a dipole antenna with an omnidirectional radiation pattern. It 

was first invented by radio pioneer Guglielmo Marconi in 1895 and patented in 1896 [31]. In this study, the 

monopole antenna is designed as shown in Figure 1. As shown in Figure 1(a) front view, Figure 1(b) side view 

and Figure 1(c) rear view of the proposed antenna and its dimensions and parameters are listed in Table 1. The 

proposed monopole antenna design is selected due to its attractive features such as lightweight, ease of 

fabrication, large bandwidth and radiation properties. The substrate used to fabricate this antenna was Rogers 

RO4003C with a thickness of 0.813 mm and a relative permittivity of 3.38. To estimate the lower band-edge 

frequency of printed monopole antenna, the antenna was designed according to the cylindrical monopole 

antenna formulation. The relationship between one-half the major axis A, one-half the minor axis B, length L 

and radius r of the cylindrical monopole antenna is given by Equation (1) for the printed elliptical monopole 

antenna (PEMA) [32]. 

 

𝐿 = 2𝐵, 𝑟 =
𝐴

4
  (1) 

 

 

   
(a) (b) (c) 

 

Figure 1. Proposed antenna (a) front, (b) side, and (c) back view 
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Table 1. Proposed antenna parameters 
Parameters Values (mm) 

A 12 
B 10.9 

Ls 40 

Ws 30 
gdgs 1.05 

a 0.78 

b 0.825 

 

 

2.2.  Design of DGS 

Various types of DGSs, as shown in Figures 2 and 3, are implemented to the existing monopole 

antenna design to observe their effect on the performance of the antenna. Figure 2 (a) shows the square type 

dumbbell, Figure 2(b), H-shape dumbbell, Figure 2(c), arrow-headed dumbbell and Figure 2(d) the circular 

type dumbbell. Besides that, Figure 3(a) indicates curved U-shaped and Figure 3 (b) is V-shaped type DGS. 

Based on the classification of DGS geometry [17], [30], U, V, and dumbbell shapes are considered in this 

paper. The dumbbell shape and its variations, which includes H-shape, arrow-headed and circular-headed are 

selected. Figure 3 shows the design of curved U-shaped and V-shaped DGSs. Table 2 summarizes the 

parameters of all types of DGSs shown in Figures 2 and 3. The yellow regions are the conductive part (copper 

part) of the antenna’s ground plane, whereas the white area the etched-out region. 

 

 

  
(a) (b) 

  

  

(c) (d) 

  

Figure 2. Dumbbell design and its variations (a) square, (b) H-shape, (c) arrow-headed and (d) circular 

 

 

  

(a) (b) 

  

Figure 3. The design of (a) curved U-shaped and (b) V-shaped DGSs 

 

 

Table 2. Parameters of DGS 
Types of DGSs 

Square 

dumbbell DGS 
H-shaped DGS 

Arrow-headed 

dumbbell DGS 

Circular dumbbell 

DGS 

Curved U-shaped 

DGS 
V-shaped DGS 

a 0.5mm A 0.9mm Xr 0.64mm Xr 0.5mm a 0.78mm a 0.78mm 
b 0.5mm B 0.1mm gDgs 0.1mm gDgs 0.1mm b 0.825mm b 0.825mm 

gDgs 0.035mm C 1.12mm Ldgs 1.95mm Ldgs 1.95mm gDgs 1.05mm gDgs 1.05mm 

Ldgs 0.813mm D 0.1mm         

  gDgs 0.035mm         

  Ldgs 0.813mm         
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3. RESULTS AND DISCUSSION 

The results are presented and discussed in this section. It can be categorized as the variation of DGS’s 

position and shapes. From the perspective of microstrip excitation, the variation in the location and geometry 

of DGS affected the performance of the antenna. 

 

3.1.  Position of DGS 

The analysis of the effect of DGS’s positioning is done based on the coordinates of the DGS on the 

ground plane of the monopole antenna, as shown in Figure 4. The return loss characteristics, S11 (dB), is 

simulated at various DSG positions along the X and Y axes and the results are presented in Figure 5 and Figure 

6. The simulation results are presented in absolute values, in which the X and Y values are either positive or 

negative. It shows that the S11 is more affected by the variation of the DGS’s position along the Y-axis and the 

most significant impact is observed when the DGS is positioned near the antenna, as shown in Figure 6. Table 

3 summarizes the results of impedance bandwidth at various positions of DGS on the ground plane of the 

antenna. Table 3 shows the variation of S11 (dB) depending on the DGS’s position around the edge of the 

ground near the antenna and below the transmission line. The antenna bandwidth has been significantly 

improved by 133.52% to the coordinate (0.0), compared to 88.59% of the conventional antenna. 

 

 

 
 

Figure 4. The variation of DGS’s position on the ground plane of the monopole antenna 

 

 

 
 

Figure 5. Return loss characteristic, S11 (dB), based on the positioning of the DGS along the X-axis 

 

 

 
 

Figure 6. Return loss characteristic, S11 (dB), based on the positioning of the DGS along the Y-axis 
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Table 3. A summary of impedance bandwidth results for various X and Y-coordinates of DGS on the antenna 
X-coordinate  -13.00 -6.50 0.00 6.50 13.00 

Y-coordinate fL fH BW fL fH BW fL fH BW fL fH BW fL fH BW 

0.00 3.01 8.00 90.6 3.00 7.58 86.6 2.97 14.9 133.5 3.00 7.58 86.6 3.01 7.98 90.4 

-1.75 3.03 7.92 89.3 3.02 7.92 89.6 3.06 8.31 92.3 3.02 7.92 89.6 3.01 7.92 89.8 
-3.50 3.02 7.93 89.7 3.02 7.94 89.8 3.08 7.85 87.3 3.02 7.93 89.7 3.01 7.94 90.0 

-5.25 3.02 7.94 89.8 3.02 7.94 89.8 3.09 7.56 83.9 3.02 7.95 89.9 3.01 7.94 90.0 

-7.00 3.02 7.92 89.6 3.02 7.93 89.7 3.03 7.81 88.2 3.02 7.93 89.7 3.02 7.92 89.6 

 

 

3.2.  Shape of DGS 

The return loss characteristics, S11 (dB), comparison are made between the various dumbbell shapes 

of the DGS and the results are shown in Figure 7. It is observed that the triangular dumbbell DGS is the most 

suitable choice for monopole antenna since it exhibited the broadest bandwidth among other dumbbell shapes. 

A comparison of S11 (dB) is also made between the triangular dumbbell-shaped, U-shaped and V-shaped DGSs, 

as well as the conventional antenna without DGS on the ground plane, which results are shown in Figure 8. As 

can be seen in Figure 8, the various DGSs resulted in improved antenna performance, with the U and V-shaped 

DGSs providing the best results. As compared to U-shaped DGS, the V-shaped DGS is the best DGS in this 

case, with simulated impedance BW of 133.33% (2.98–14.90 GHz) (defined by 10 dB). Table 4 summarizes 

the return loss characteristics, S11 (dB), of various shapes of DGS. 

 

 

 
 

Figure 7. Comparison of return loss characteristics, S11 (dB), between various types of DGS 

 

 

 
 

Figure 8. Comparison of return loss characteristics, S11 (dB), between the triangular dumbbell-shaped, 

U-shaped and V-shaped DGSs and conventional antenna without DGS 

 

 

Table 4. Comparison between various shapes of DGSs on the ground plane 
Type of DGS fL fH BW return loss(dB) 

Normal antenna without DGS 3.10 8.03 88.59 -33.10 
Square dumbbell 3.03 8.08 90.91 -35.70 

Circular dumbbell 3.04 11.85 118.25 -23.10 

Arrow headed dumbbell 3.03 13.20 125.32 -28.20 
H-shape 3.02 7.96 89.98 -30.40 

curved U-shaped 3.00 13.25 126.15 -30.30 

V-shaped 2.98 14.90 133.33 -29.20 
Type of DGS fL fH BW return loss(dB) 
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3.3.  Simulated radiation pattern, gain and efficiency 

Figures 9 and 10 demonstrate the simulated radiation patterns of the proposed monopole antenna with 

V-shaped DGS for the frequency at 4 and 6 GHz respectively. The radiation patterns behaved as 

omnidirectional and are stable across the entire passband. Figure 11 and 12 illustrate the simulated realized 

gain and efficiency of the monopole antenna respectively. The gain of the monopole antenna shows more than 

1 dB over the UWB operating band. The gain of the monopole antenna gradually increased towards the upper 

frequencies for the entire bandwidth of UWB (3.1–10.6 GHz). Across the total frequency spectrum, the 

simulated efficiency is between 30 and 64%, where the latter is the maximum value reached within the 

frequency spectrum. 

 

 

 
 

Figure 9. The E-plane and H-plane of the monopole antenna at frequency, f = 4 GHz 

 

 

 
 

Figure 10. The E-plane and H-plane of the monopole antenna at frequency, f = 6 GHz 

 

 

 
 

Figure 11. Simulated realized gain of the monopole antenna with V-shaped DGS 

G
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Figure 12. Simulated efficiency of the monopole antenna with V-shaped DGS 

 

 

4. MEASUREMENT RESULTS 

The proposed monopole antenna, depicted in Figure 13, is fabricated using Rogers RO4003C as 

substrate. The dimension of the fabricated antenna is 29.86×39.03×0.81 mm. Figure 13(a) shows the length 

and Figure 13(b) the width of the proposed antenna. 

The measurement results are collected using an R&S vector network analyzer (VNA). The S11 (dB) 

obtained from the simulation and measurement are compared and illustrated in Figure 14. The measurement 

results could only be performed up to 8 GHz due to the limitation of the operational frequency range of the 

equipment available in the laboratory. Nevertheless, the measured and simulated S11 (dB) of the antenna is still 

below 10 dB throughout the 8.5 GHz frequency range. 

Based on Figure 14, it is observed that the measured bandwidth is from 2.95 to 8.5 GHz. The pattern 

of the measured result is similar to that of the simulated result but then shifted upward. The antenna could 

operate from 2.95 to 8.5 GHz. This proves that the measured result is similar to the simulation result and the 

difference may be due to the fabrication procedures. 

 

 

  
(a) (b) 

  

Figure 13. The dimension of the fabricated antenna (a) length and (b) width 

 

 

 
 

Figure 14. Simulated and measured return loss, S11 (dB), for the proposed monopole antenna 

with V-shaped DGS 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 27, No. 2, August 2022: 849-858 

856 

5. COMPARISON WITH SIMILAR WORK 

Three antennas with ultra-wide bandwidths and similar applications that are published in similar 

works were compared to the proposed antenna of this study. The proposed antenna with a V-shaped DGS is 

simple and compact, with the border of the bandwidth that covers the entire UWB band and it fulfilled the size 

reduction requirement. Based on Table 5, the proposed antenna delivered better performance in terms of 

bandwidth and dimension than the antennas that were reported in the literature. 

 

 

Table 5. Comparison with others monopole antenna with DGS 
Ref. No BW(GHz) Dimension(mm3) Ref. No 

[6] 3–10 55×40×1.6 Planar circular disc monopole antenna 
[15] 2.33–14.3 38×48×1.6 Monopole circular patch with dumble slot 
[33] 0.115–2.90 48.3×43.7×0.8 Back-to-back triangular shaped patch with meander-line T-shape divider 
[34] 3.18-11.50 40×40×1.52 Rectangular monopole with two slits and a notch 

This work 2.98 -14.9 29.86×39.03×0.81 Monopole antenna with V-shaped DGS 

 

 

6. CONCLUSION 

A monopole antenna with various types of DGSs had been simulated and discussed in this paper. 

The antenna with V-shaped DGS and a dimension of 29.86×39.03×0.81 mm possessed good monopole 

radiation properties and exhibited 95.4% of BW a s  compared to the conventional monopole antenna. The 

V-shaped DGS looked very promising for utilization with a frequency of more than 2.98 GHz. As a result of 

its compact design and low-cost fabrication, the proposed monopole antenna is an excellent candidate for 

UWB applications. 
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