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Abstract. In the context of miniaturization of microwave systems that this paper is aimed 
at. We have designed a novel miniaturized 2.45 GHz antenna dedicated to operate for 
wireless power transmission applications. At first, the antenna was radiating at 5.8 GHz 

with the optimal dimentions, then, and by conserving the same size, we have switched the 
operating frequency to 2.45 GHz by using a novel configuration of Defected Ground 
Structure (DGS). The final structure have been designed and optimized by using Computer 
Simulation Technology (CST) Microwave Studio .The obtained results confirm the proper 
functioning of the antenna. 
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1   Introduction 

The wave of innovations continues to improve day by day and particularly in the field of 

telecommunications, which are in a period of globalization. Therefore, studies have focused on 

significant miniaturization, especially for the antenna part to meet modern telecommunications 

needs. The antenna is an essential part of any wireless device, especially RECTENNA 
(RECtifying anTENNA) systems. Figure 1 shows a basic block diagram of rectenna system. A 

rectenna is a device that collects incident electromagnetic radiation and converts it to DC power. 

The rectenna consists of four elements: a receiving antenna, an input filter, a diode or 

combination of diodes [1] that performs wave rectification, and an output filter that makes DC 

energy available at the load. The possibility of using Rectennas for wireless power transmission 

[2] purposes have been initiated and experimented by W.C Brown [3] by using a model of 

helicopter powered by microwaves transmited from the ground and received by an attached 

rectenna. A variety of rectenna designs optimized for conversion efficiency in the industrial, 

scientific, medical band (ISM) reaching important efficiencies for different values of input 

power have been reported [4,6].  

There are several types of antennas depending on geometry, gain, beam shape and 
bandwidth. Patch antennas [7,9] (Figure 2) are widely used for microwave applications mainly 

for those involving wireless power transmission. It has the advantage of low weight and is made 

by engraving a printed circuit board. Due to their manufacturing technology, they can be 

integrated as close as possible to electronic circuits, occupying a reduced volume and 

conforming to different types of surfaces. Their main advantage is their low manufacturing cost.  

Otherwise, the operating frequency has a significant weightiness on the antenna’s size. 

Several operating frequencies of the rectenna have been considered and investigated. 
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Components of microwave power transmission have traditionally been focused on 2.45 GHz 

and recently moving up to 5.8 GHz, which has a smaller antenna aperture area than that of 2.45 
GHz. 

   
Fig. 1. (a) Block diagram of rectenna circuit (b) Rectangular microstrip antenna configuration 

 

Many research topics have been devoted to benifits from small size and performant 

antennas, hence, Defected Ground Structure (DGS) [10,12] is becoming an effective and 

efficient technology for the miniaturization of patch antennas. DGS is a periodic motif engraved 

on the ground plan. The name of this technique simply means that a defect is placed on the 

ground plane which is generally considered an anomaly of a current well. 
In this paper, a novel DGS configuration have been employed on a 5.8 GHz antenna’s 

ground plane so that the frequency could be switched  to 2.45 GHz without losing in terms of 

antenna’s performances. 

2   5.8 GHz initial antenna analysis and design 

Owing to technological advances in telecommunications and continuous scientific research 

concerning printed antennas, and given the multiple requirements in the field of communication, 

the use of conventional microwave antennas is no longer able to meet these requirements. For 

this reason, printed antennas replace conventional ones in a number of applications, including 

rectenna systems. In general, a printed antenna (Fig. 1(b)) consists of a ground plane, one or 

more substrate layers that may have the same or different permittivities. The surface contains a 

radiating element of any geometry (rectangular, circular, slit, or more elaborate shapes). Among 

the many advantages: A low manufacturing cost, lightweight and space-saving, the possibility 

of networking to improve directivity and the compatibility with hybrid and MMIC (Microwave 

Monolithic Integrated Circuit) circuits. 
 

2.1   Calculation of Width (W), Length (L) and Effective Dielectric Constant εreff 

 

 For an effective radiator, practical width of the patch antenna that leads to good radiation 

efficiencies is given by [13]: 
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        Where C0 is the free-space velocity of light i.e. 3×10-8 m/s and εr is the dielectric constant     

        of material. 

 The length of the patch determines the resonance frequency thus it is a critical factor for 

narrowband patch. Since it is not possible to accurately account the fringing field the results 

are not definite. Below is the equation to calculate the length of the patch : 
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        Where ΔL is the length extension because of fringing field, which can be calculated as   

        follow: 
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 The value of effective dielectric constant is less than dielectric constant of the substrate, 

because of the fringing fields are not confined in dielectric substrate around the periphery 

of the patch only, but is also spread in the air. The value of this effective dielectric constant 

is given by [13]:  
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2.2   Initial antenna design 

 

The development of rigorous techniques to solve maxwell's equations has introduced 

and imposed computer tools in electromagnetism. These tools are increasingly used in the 

analysis and design of microwave devices used in microwave and wireless communications 

applications. Digital electromagnetic calculation tools are therefore becoming an essential 

element in the design of a patch antenna due to rapid growth of the computer's processing power. 

The choice of simulation software therefore depends on the problem to be solved, for example 

the size, type and material of the structure, the complexity of the geometry. In our case, we have 
chosen the transient solver of Computer Simulation Technolgy (CST) Microwave Studio [14] 

which is an electromagnetic simulation software of 3-D passive structure based on the resolution 

of Maxwell's equations according to the technique of integral equations (Finite Technical 

Integration). 

The proposed patch antenna is depicted in figure 2.  

 

 
Fig. 2. The proposed patch antenna. 



 

 

 

 

The FR-4 substrate have been used with dielectric permittivity constant 4.4, thickness 

of 1.6mm and loss tangent of 0.025. We have also chosen to feed our patch antenna with the 
microstrip-line method since it is easy to fabricate, simple to match by controlling the inset 

position and rather simple to model. The following figure shows the reflection coefficient of the 

proposed antenna at the resonance frequency 5.8 GHz. The antenna is well matched at the desired 

frequency. 

 

 
                           Fig. 3. Simulated reflection coefficient versus frequency. 
 

 

3   Defected Ground Structure Design 

 

In order to improve the performance of a patch antenna, several processes and 

techniques have been used, including the DGS technique, which stands for "Defected Ground 

Structure". This technique consists of applying more or less regular deformations (periodic or 

not) to the structure of the ground plane. Current research has allowed a greater degree of 

freedom in the design and location chosen on a ground plan. Whatever these deformations, they 

have a direct influence on the distribution of electrical charges and currents, which greatly 

modifies the characteristics of the antenna: the bandwidth, gain, directivity, radiation pattern, 

etc.. Many forms of DGS unit cells have been proposed in the literature for antenna design. 

Several types of patterns are illustrated in Figure 4. 
Figure 5 shows the structure of the proposed Dumbbell shaped DGS with a ring slot 

between the two edges of the dumbell. Once investigating the whole parameters of the DGS, 

with a series of optimizations and simulations, the usage of the structure can be summarized and 

then etched on the metallic ground plane of the afromentionned microstrip antenna, with the 

dimentions shown in figure 5: LDGS1, LDGS2, L1, L2, L3, W1 ,W2 ,W3.  
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Fig. 4.  Different DGS geometries: (a) dumbbell-shaped (b) spiral-shaped (c) H-shaped 
(d) U-shaped (e) arrow head dumbbell (f) concentric ring shaped (g) split-ring resonators (h) interdigital 

(i) cross-shaped (j) circular head dumbbell (k) square heads connected with U slots (l) open loop 
dumbbell (m) fractal (n) half-circle (o) V-shaped (p) L-shaped (q) meander lines (r) U-head dumbbell (s) 

double equilateral U (t) square slots connected with narrow slot at edge. [15] 

 

 
 

Fig. 5. The proposed Defected Ground Structure. 
 

 

 

 

 



 

 

 

 

4   Final Antenna Design with DGS 

 
The aim of this reseach study being the miniaturization of the 2.45 GHz patch antenna, 

we have assembled the designed 5.8 GHz antenna and the proposed new configuration of 

Defected Ground Structure on an FR4 substrate with dielectric permittivity constant 4.4, 

thickness of 1.6mm and loss tangent of 0.025 as shown in the figure 6, the whole system was 

simulated by using the Transient solver of CST Microwave Studio. The Defected Ground 

Structure have been placed in an optimized way permitting to obtain the desired results . Figure 

7 shows the simulated reflection coefficient of the system, we can conclude from the graph that 

the resonating frequency is well shifted from 5.8 GHz to 2.45 GHz of the Industrial Scientific 

Medical band (ISM) with a return loss of -34 db and bandwidth of 260 Mhz. The 2D radiation 

pattern is given by Figure 7 in the E-plane, which show a stable and bi-directional radiation 

pattern for the resonant frequency band. The miniaturisation have been achieved with a size 
reduction of more than 80%. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 6. Final Antenna Design 
 

 

 

 
Fig. 7. Simulation results (a) Reflection coefficient versus frequency (b) Antenna 2D Radiation pattern 

in E-Plane at 2.45 GHz 
 

 



 

 

 

 

5   Conclusion 

This paper reports the design and simulation of a novel patch antenna with an integrated 

Defected Ground Structure (DGS) etched in the ground plan. This configuration leads us to 

ensure a good size reduction compared to a conventional antenna radiating at 2.45 GHz The 

CST Microwave Studio have been used to design, optimize and simulate the whole system and 

an FR-4 substrate was adopted. Interresting results have been ontained. 
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