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 A pair of wideband antenna serve as an impedance transformer for the 

proposed antenna, which consists of a dipole with periodic capacitive 

loading. Periodic capacitive loading is achieved at each sector by adding 

interlaced coupling lines. In order to create a broad impedance bandwidth, 

the periodic interlaced coupling lines split each arm of the dipole into five 

portions. Currents are dispersed on the various sections at different 

frequencies. The suggested antenna is an excellent choice for radar 

applications since it has a high gain and a low amount of cross polarisation. 

With the aid of innovative design methods including codirectional inclusion 

of interdigital capacitance, this research study proposes an interdigital 

capacitance for wideband (WB) applications interdigital capacitor (IDC). 

The suggested IDC antenna, which works between 4.70 and 11 GHz, has 

dimensions of 6.36x6.35x1.6 mm3. This page explores in-depth data on gain 

over frequency, far field patterns, and surface current distribution on 

antennas. The suggested antenna's feasibility is shown by simulation data 

that demonstrates excellent equality on return loss. 
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1. INTRODUCTION 

Radio frequency (RF) is transformed into alternating current (AC) using an antenna. There are two 

varieties: transmitting antennas and receiving antennas. The intercepting antenna's function is to receive. RF 

energy and supplying the electrical gadgets with alternating current [1]–[5]. The transmitting antenna is used 

to produce an RF field and feed it to electrical equipment. Applications for antennas include sonar, radar, and 

satellite use. Since the antenna will vibrate due to the interdigital capacitors' lower frequency, the size of the 

antenna may be reduced [6]–[10]. Typically, as the frequency rises, the capacitor becomes more capacitive 

because the fringing fields between the fingers are stronger. Metamaterial (MTM) gets its qualities from 

composite materials like metals and polymers [11]–[15]. They follow recurring patterns. This was created on 

a 0.035 mm thick FR-4 substrate. The 4.707 to 11 GHz frequency band is where the intended codirectional 

inter digital capacitance MTM ring operates [16]–[20]. Medical applications, aerospace, sensor detection, 

infrastructure monitoring, and ultrasonic sensors all utilise metamaterials in their optical filters [21]–[25]. 
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2. ANTENNA DESIGN 

In order to create the suggested antenna as shown in Figure 1, the traditional patch antenna was 

modified by utilising a conventional feed and etching codirectional interdigital capacitance onto the patch 

(see Figure 1(a)). The suggested structure is made of FR4 with a r=4.4, loss tangent tan=0.02, and dielectric 

thickness=0.8 mm. Impedance matching is made possible by integrating the interdigital capacitance. The 

proposed antenna's shape is shown in Figure 1(b) and its characteristics are reported in Table 1. 

 

 

  
(a) (b) 

  

Figure 1. Suggested antenna (a) the wide band from antenna A and (b) proposed antenna  

of the interdigital capacitance 

 

 

Table 1. Parameters of the proposed antenna 
W L WG LG H X Y FW 

6.36 6.35 11.16 11.15 1.6 0.70 1 0.99 

 

 

The electric field produced by the antenna induces an etched inrectangular patch known as the 

codirectional interdigital capacitor (IDC). An electromotive force in IDC, which is caused by the electric 

field produced by the antenna, creates an oscillating voltage between the slots. As a result, inductance is 

produced by the current flowing through the metal, and mutual capacitance is produced by the electric field 

in the dielectric gap. As a result, the IDC acts as a parallel L&C circuit resonating structure. 

 

 

3. PARAMETRIC STUDY 

Figure 2 parametric analysis is used to determine the best values for key parameters in the suggested 

antenna. The best value for ground length (LG), ground width (LW), feed width (FG), and feed length (FL) is 

determined by parametric analysis. Patch substrate, ground, and feed are the main components of the 

antenna. The bandwidth is in the 4.707 to 10 GHz range. 

 

 

 
 

Figure 2. Simulation of S parameter without IDC structure 
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The necessary feed, patch, ground, and other substrate structures are shown in Figure 3 needed 

antenna plot with IDC structure. In Figure 4 a comparison of the ranges from the centre to above 0.5 mm, 

above 1 mm, and above 1.5 mm is shown on the plot. Simulation of an IDC truncated structure with a 

bandwidth of 5–10 GHz in the centre. The feed is close to the current flow. When comparing the truncated 

and untruncated structures, the frequency rises and the bandwidth decreases. 

 

 

 
 

Figure 3. Simulation of S parameter with truncation structure 

 
 

 
 

Figure 4. Simulated S parameter for top (0.5 mm, 1 mm, 1.5 mm) 

 

 

The bandwidth ranges in the below-mentioned figure, Figure 5, are: (5 to 9.7 GHz). Nearer the field, 

the current flows. In this structure, we compare the ranges from the centre to the bottom of 0.5 mm, 1 mm, 

and 1.5 mm. Here, the frequency range narrows significantly while the bandwidth widens. 
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Figure 5. Simulated S parameter for bottom (0.5 mm, 1 mm, 1.5 mm) 

 

 

4. RESULT AND DISCUSSION 

The simulated results are summarised in Table 2, and Figure 6 demonstrates that the suggested 

antenna presents a single broad band between 24.26 and 30.28 GHz, which covers the assigned UWB short-

range radar frequency. Figure 7 compares the proposed antenna and antenna A. 

 

 

Table 2. Comparison of original and IDC structure 
 Original structure (GHz) IDC structure (GHz) 

Resonant frequency 24.26 to 30.28 4.90 to 10.95 

S11 4.707 to 11 5 to 10 

 

 

.  

 

Figure 6. Simulated returns loss characteristics of proposed antenna 

 

 

Figure 8 depict the far field E plane as shown in Figure 8(a) and H plane as shown in Figure 8(a) at 

a frequency of 25.29 GHz, and the pattern clearly demonstrates the proposed antenna's successful operation. 

The radiation pattern of the proposed wide band antenna at the E plane at 25.29 GHz resonant frequency of 

the circular interdigital capacitance. 
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Figure 7. Comparison of antenna A and proposed antenna 

 

 

  
(a) (b) 

 

Figure 8. Radiation pattern of (a) E field and (b) H field from proposed antenna at 25.29 GHz resonant 

frequency 

 

 

Figure 8 depicts the surface current distribution of the suggested antenna at the resonant frequency, 

and it is obvious to see that the complementary split ring resonator (CSSR) is what makes the suggested 

antenna operate in a wider range. Figure 9 depicts the distribution of E plane and H plane surface currents. 

Figure 10 shows a gain vs frequency plot. It can be seen that the gain is constant across bands and reaches its 

maximum gain of 3.14 dBi at the resonant frequency of 25.29 GHz. 

 

 

 
 

Figure 9. Surface current distribution 
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Figure 10. Gainplot of proposed antenna  

 

 

5. CONCLUSION 
When compared to previous studies based on microstrip-fed (double-layer) and coaxially-fed (3D-

shaped) slot antennas, the benefits include cost effectiveness, ease of manufacturing, and simplicity of the 

design (single layer). Because the antenna is operated in series resonant mode, resonant properties may be 

successfully regulated by adjusting series parameters. Numerous modes that are more similar to the original 

mode are created by coupling between patches. A left-hand parallel inductor is created by the ground plane's 

slot. Through the use of this technology, the composite right/left-handed (CRLH) antenna's three operating 

modes are stimulated, and by appropriately modifying the IDC parameters, closure and mixing of the 

resonant frequencies are made possible. The patch and slot dimensions are reduced by around 15.5% and 

6.2% of their original sizes, compared to the originally planned antenna, respectively. The return loss plot for 

the simulated structure (antenna A and proposed antenna) is the outcome of the simulation. According to an 

analysis of the proposed antenna's return loss characteristics, gain, field patterns, and surface current 

distribution, antenna A's bandwidth should be between 4.707 and 11 GHz. Comparatively, the suggested 

antenna has a lower bandwidth of 5 to 10 GHz and is suitable for ultra wide band applications. 
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