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ABSTRACT 
 
Circular polarization is necessary in antenna applications 
especially for energy harvesting as matching the polarization 
in both the receiving and transmitting antennas can decrease 
the transmission losses. To achieve this matching, the 
transmitter and the receiver should have the same sense of 
polarization, axial ratio and the same spatial orientation. As 
the waves in our surroundings could be randomly propagating 
due to human body or device movements in wireless 
technologies applications such as RFID, GPS and WLAN, 
circular polarization comes in handy to reduce the effect of 
multipath reflections, enhances weather penetration and 
allows for the mobility of both the transmitter and the 
receiver. The objective of this paper is to design a circularly 
polarized microstrip antenna that operates at 2.45 GHz with 
harmonic suppression for energy harvesting applications. 
Single feeding technique is used because of its simplicity, cost 
efficient, easy to fabricate, and compact size. This paper 
presents a new design of a circularly polarized antenna with 
harmonic suppression based on a rectangular microstrip 
patch. Two truncated edges placed on the opposite side of the 
patch antenna generate circular polarization. The truncation 
technique is used to be able to split the field into two 
orthogonal modes with 90° phase shift of equal magnitude. 
 
Key words : Antenna, Conversion Efficiency, Rectenna and 
Rectifying 
 
1. INTRODUCTION 
 
Recently, fast growth of wireless energy harvesting 
application becomes a major cause for engineers to design the 
most efficient antenna. The antenna mentioned is a compact, 
cost effective and lightweight microstrip antenna [1]. That is 
what it is about in this project, designing new circularly 
polarized (CP) microstrip antennas that are mostly used in 
various types of wireless communication system nowadays 
since it was introduced in 1953 [2]. It is found to be a very 
necessary consideration in the antenna design industry as it 
able to put an end to the need of antenna orientation in the 

plane perpendicular to the propagation direction. Radio 
signals are tended to be absorbed and reflected based on the 
material it contacts with. So, with CP antenna, it gives a much 
more flexibility to the angle between the signals and the 
antenna resulting the signals always be recognized [3][4]. 
However, the MSA design need to be change for it to be able 
to generate the circular polarization [5]. For circular 
polarization to be generated in microstrip antenna, two modes 
equal in magnitude and 90 out of phase are required [6]. 
Researchers has found that designing a microstrip patch 
antenna with good gain and radiation pattern is a major 
challenge among engineers [7]. High gain antenna also 
required in monitoring and control system such as in 
agricultural [8] and on body applications [9].   
 
The design should be capable to receive RCHP and LHCP 
simultaneously and also able to filter unwanted harmonic 
signals. The Computer Simulation Technology (CST) will be 
used to simulate and optimize the design. Once the best 
design had been chosen, it will then be fabricated using 
photo-lithography technique and measured in anechoic 
chamber or vector network analyzer (VNA). Finally, from the 
simulation and measurement, the proposed design of the 
antenna can be verified as a good choice in the future of 
wireless power transmission (WPT) application in an 
operating frequency of 2.45GHz. 

2. THE PROPOSED RECTENNA GEOMETRY 
DESIGN 
 
The main objective in this project is to design a harmonic 
suppressed circularly polarized microstrip patch antenna that 
operates in 2.45GHz frequency for energy harvesting. 
Harmonic suppression is a highlight in the design process to 
increase the efficiency of antenna.  
 
Next, is to analyze an efficient technique to acquire circularly 
polarized radiation pattern of the antenna. This objective 
ensures that the antenna emits radiation in circular 
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polarization to eliminate the Faraday’s Effect that can occur 
in linear polarization. It is also making the antenna easier to 
install as its only requirement is to direct it correctly.  
 
Finally, after obtaining a final design of the microstrip patch 
antenna, the last objective is to fabricate and verified the 
design in the laboratory. Fabrication of the antenna consist of 
etching process to print the antenna configuration onto FR-4 
board. A measurement process is then will be performed to 
compare parametric values to the one obtained from 
simulation. 
 
The main goal of this project is to design a circularly 
polarized microstrip antenna that operates in 2.45GHz with 
harmonic suppression for energy harvesting applications. 
There are 5 scopes that will be covered during the process. 
Firstly, is to design the geometry of the antenna to make sure 
it meets the polarization requirement while applying a 
harmonic rejection characteristic. The harmonic rejection 
characteristic is achieved through various techniques. After 
that, the design will need to be optimized to improve the 
efficiency, gain and radiating pattern of the antenna. 
Optimization of the geometry will be perform using CST 
far-field simulation. Next, the process will be fabrication the 
microstrip patch antenna by using FR-4 Board with 4.7 
dielectric constant and the substrate standard thickness, h is 
1.6mm. Measure the radiation pattern using Vector Network 
Analyzer and in an anechoic chamber in the laboratory. 
Investigate the performance of the antenna in term of return 
loss values. 

2.1. Advantages And Disadvantages Of Microstrip 
Antenna 
 
The microstrip antenna has several advantages that attracts 
researchers to perform research in order to develop the most 
efficient design. The main advantage surely be about its 
flexibility as a low-profile antenna which can confront a 
planar and nonplanar surface because the shape design fits 
the needs of modern communication equipment. The 
microstrip antenna shape flexibility also enables them to be 
mounted on a rigid surface which makes them mechanically 
robust. In the other hand, microstrip antennas can be mass 
produced using simple and cost-efficient modern printed PCB 
technologies. The use of PCB manufacturing technologies 
also allows fabrication of the feeding line and matching 
networks with the antenna structure. From a designer 
perspective, microstrip antenna presents a wide range of 
options as they can vary the choice of the substrate, the 
antenna structure design, type of perturbation and the feeding 
techniques to achieve the antenna design objective [10]. 
 
However, on the lower side of microstrip antennas, they give a 
narrow impedance bandwidth, lower efficiency compared to 

other type of antenna, and they can only be used in low power 
applications. UWB antenna can be achieved using monopolar 
patch antenna and defected ground structure (DGS) 
implemented on the antenna ground plane [11][12]. 
Microstrip antennas also show a poor performance when used 
in scanning applications. Polarization characteristic 
produced by a microstrip antenna also shows poor behavior. 
Furthermore, most microstrip antenna can radiate only in 
half-space because of the implementation on double sided 
substrates where one side is used as a ground. The half space 
radiation will limit their use in some application. The 
research in microstrip antenna design nowadays mainly 
focuses on how to overcome these problems [13][14]. 

2.2. Microstrip Patch Antenna  
 
Deschamps is the person who gives the idea of microstrip 
antenna back in 1953 and was patented 1955 but, it was 
fabricated about 20 years later during the 1970’s when 
suitable dielectric substrates became available. Since then, 
microstrip antennas continue to develop increasingly as it 
adds the option of antenna design and attracts researchers in a 
wide range of modern microwave systems. The antenna uses 
and applications was the main effect of its fast growth 
industry and it defines of the development and improvement 
of its characteristics through a continuous research effort 
[6][10]. In a basic communication system, the major role in 
elevating the system performance is to increase the gain of 
antennas used for transmission and reception.  
 
A microstrip patch antenna (MSA) is a lightweight and 
cost-effective type of antenna that is increasingly useful 
especially in mobile phone market as they can be fabricated 
easily onto a circuit board. Basically, an MSA is made of 
copper printed on a substrate with a certain dielectric 
constant, εr that is fed by a transmission line against a ground. 
Referring to Figure 1, the basic geometry of the patch antenna 
consists of length, L and width, W, that sits on a dielectric 
substrate of thickness, h. 

 
Figure 1: Basic geometry of MSA 
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2.3. Substrate 
 
A substrate is the dielectric layer placed between the patch 
and the ground. There are a lot of substrate material and 
specifications to choose from according to the antenna 
requirement. There are two factors specifying dielectric 
substrate which is the substrate height that available from 
0.003 λo to 0.05λo and dielectric constant from 2.2 to 12 
depends on the material used. The higher the value of the 
dielectric constant εr, the smaller the size of the antenna. It is 
preferred to choose a substrate that are thick with low 
dielectric constant as it is suitable for enhancement of 
bandwidth, efficiency and radiation in space.  An FR-4 type of 
substrate is one of other suitable choices in this project as it is 
cost efficient and with 2.45GHz resonating frequency, the 
antenna will take a compact size to produce. Figure 2 shows 
the FR-4 layers. 

 
Figure 0: FR-4 layers 

2.3. Design Specification 
The proposed antenna must be able to meet the following 
specifications; as shown in Table 1 to have an efficient 
antenna for energy harvesting applications. 
 

Table 1: Design Specifications of MSA 
 

Parameters Specification 
Operating frequency (GHz) 2.45 
Gain (dB) >3 
Return Loss (dB) >-10 
Axial Ratio 1 
Harmonic Suppression Up to 4th Order  

3. RESULT ANALYSIS OF THE PROPOSED 
RECTENNA 
 
The antenna is made of a rectangular patch and a defective 
ground structure consists of a combination of ring slot, two 
vertical slots, inverted L-Shaped slot bounded to the ring slot 
and at the edges of the ground. These techniques enable the 
antenna to operate at 2.45GHz and circularly polarized as 
well as suppressing higher order harmonics.  
 

 
Figure 3: Dimension of fabricated antenna 

 
Figure 3 shows the detailed configurations and dimension of 
the best simulated antenna that have been fabricated to 
proceed to far field measurement. Here, the antenna with 
dimension of 60 x 58mm is been fabricated using a 1.6mm 
thick FR-4 substrate with 4.4 dielectric constant and tangent 
loss of 0.02. 
The diameter of the ring D2 to D1 is from 30mm to 34mm 
giving the width of the ring slot equals to 2mm. The inverted 
L-Shaped slot is 2mm wide and the total length of L1+L2 is 
based on the quarter wavelength of the antenna operating 
frequency which is in this case would be 2.45GHz and giving 
the total length L1+L2 = 34.75mm. This L-Shaped slot will 
help the antenna to excite CP radiation and it is L-Shaped 
instead of straight horizontal slot is to reduce the width of the 
overall antenna. The patch of the antenna is made up of two 
patches located at the center and on the feedline of the 
antenna that is connected by a transformer. The center patch 
which is the main patch has a dimension of 18 x 6 mm while 
the bottom one has 5 x 2.35mm dimension and the 
transformer is 10 x 0.9mm. Table 2 summarize the antenna 
parameters. 
 

Table 2: Parameters of fabricated antenna 
Design Parameter Value (mm) 

L 60 
W 58 
Lp 18 
Wp 6 
Lf 10 
Wf 0.9 
Lo 5 
Wo 2.35 
D1 34 
D2 30 
Lc 8.5 
Wc 3 
L1 17.5 
L2 16 
Lg 8 
Wg 2 
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The antenna that have finalized is optimized from the base 
design shown in Figure 4. The first parameter sweep is 
performed at Lp to find the best return loss for the antenna to 
be able to operate at 2.45GHz. From the simulation result, the 
best Lp is at 18mm. Next, the ring slot at the ground is 
optimized by varying its inner diameter from 15 to 20mm to 
increase the value of return loss at 1.48, 3.63 and 8.74GHz to 
above -10dB to consider they are successfully suppressed and 
also to improve the return loss of the antenna. The best inner 
diameter of the ring obtained is D1=30mm. 

 
Figure 4: Return Loss Graph with various Lp 

 
Firstly, based on Figure 4 the difference between the return 
loss graphs is the length of Lp shown in Table 2. The best 
acquired result is the red one with Lp = 18mm. This is 
because of the value of return loss at resonant frequency and at 
2.45GHz are better than the other two. Besides that, the 
harmonics are also plotted above -10dB which means that it is 
suppressed successfully than with the other two higher values 
of Lp. From the result, it shows that the antenna resonates at 
2.33GHz frequency which is the best result obtained after 
optimization, to fulfil the required 2.45GHz resonating 
frequency as it is still located under the -10db threshold of 
working frequency. 
 
From the parameter sweep process, the length of Lp is 
observed to be an important element that affects the antenna 
resonating frequency. However, after 20mm length of Lp, the 
antenna resonates at above 3GHz and creates a certain 
harmonic. Therefore, a parameter sweep is performed from 
Lp=20mm until 18mm, minimum value before other 
harmonics exists at lower Lp. Therefore, 18mm is assumed to 
be the best length to obtain 2.45GHz operating frequency.  
 

 
 

Figure 5: Radiation Pattern 
 

 
Figure 6: VSWR 

 
Figure 7: Axial ratio 

 
After various parameter sweep process had been performed, a 
finalized design is fabricated and measured in the lab. The 
Figures 5, Figure 6 and Figure 7 below show the radiation 
pattern, VSWR and axial ratio results obtain from simulation 
respectively. 
 
The radiation pattern of the antenna shown in Figure 5 shows 
the shape of the antenna to be omnidirectional. The HPBW 
radiates at 2.46dB magnitude with a direction angle of 174 
degree. Next, the gain and VSWR of the antenna in Figure 6 
shows that the antenna has a good performance with the value 
of 2.58dB and 1.29 respectively at 2.45GHz frequency. Axial 
ratio of antenna shown in Figure 4.4 gives the value within 
less than 3dB threshold that is acceptable to consider it as 
circular polarized. 
 
The table 3 shows the analysis of the effects of changing 
various parameter to the performance of the antenna. 

 
Table 3: Parameter Sweep Results 

Parameter 
Value 
(mm) 

Resonance 
Frequency (Return 

Loss in dB) 

Axial Ratio 
at 2.45GHz 

(dB) 

Lp 
18 2.33 (-23.00) 

>2 19 2.33 (-22.25) 
20 2.33 (-21.28) 

D2 
26 

1.38 (-11.80) 
2.30 (-13.13) 

<3 

28 2.30 (-13.01) >2 
30 2.33 (-23.00) >2 
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The following figure is the measured return loss that is 
obtained by using the Vector Network Analyzer (Agilent) that 
is available in the lab. The graph clearly visualize that the 
antenna’s best radiation is at 2.36GHz and it works from 
frequency of 2.00 to 2.56, giving the total bandwidth is 
500MHz. The graph also shows that all the harmonics 
frequency up to 10GHz is successfully considering that it is 
suppressed above -10dB. 

4. CONCLUSION 
The work presented focused on designing a circularly 
polarized microstrip antenna operating at 2.45 GHz and able 
to suppress harmonics to increase its efficiency. The paper 
presented a new design that has been optimized based on a 
circular ring slot placed on the ground side of a rectangular 
patch antenna. The first design to consider as the base design, 
consist of just the circular ring slot. From there, an L-shaped 
slot unioned with the ring slot to delay the phase at 2.45GHz 
and create circular polarization is added. In the final design, 
two vertical slots placed under the ring slot is introduced to 
suppress harmonics at higher order frequency. The antenna is 
designed using parametric study that is defined by varying the 
measurement of the patch and slots.  
 
In the first objective, the goal to make the antenna operates at 
2.45GHz is reached by altering the length and width of patch, 
Lp and Wp. While the antenna behavior to reject harmonics is 
controlled using the slots on the ground plane which also 
gone through the same technique. Secondly, the objective to 
simulate all the designs in CST software had been performed 
and optimization of the antenna 
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