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In recent decades, alternative energy sources have gained increasing 
attention as the need for power increases. This increase occurred as 
external energy sources have been harvested for various purposes. The 
development of Wireless Local Area Networks (WLAN) and Worldwide 
Interoperability for Microwave Access (WiMAX) systems has grown 
more relevant and necessary in recent years. Due to the surge in 
demand for the development of alternative energy resources and 
WiMAX and WLAN systems, an antenna with dual frequency has been 
designed in this study. This antenna is designed to operate at 2.45 GHz 
and 3.7 GHz frequencies. The simulated antenna is analysed by its gain 
performance. The antenna design has undergone several phases 
including optimization levels and choosing the suitable antenna design 
to obtain the dual frequency and fulfil the chosen applications. FR-4 
substrate is chosen as the antenna’s material. A microstrip patch 
antenna with a slotted gap technique is applied to increase the gain and 
obtain the desired frequencies of the antenna. CST Studio Suite 
Software is used in designing and obtaining the results for the antenna. 
The results obtained from this study are the values of S11, radiation 
pattern and gain. The gain obtained shows that the antenna has a 
positive gain of 2.45 GHz while obtaining a negative gain for a frequency 
of 3.7 GHz. Based on this analysis, it can be concluded that this antenna 
is operating well for energy harvesting applications. It needs 
improvement to operate at 3.7 GHz, to be utilized in WiMAX and WLAN 
systems. 
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1. Introduction 

The high demand for wireless technologies has risen significantly in recent years. An increase in power sources 
contributes to a higher ambient wireless power density, due to widespread usage of Wi-Fi routers, mobile phones, 
and TV broadcasting. Consequently, a large amount of energy is wasted. For this reason, the demand for harvesting 
and recycling the ambient electromagnetic energy also increases. With the recent significant development of 
Wireless Local Area Network (WLAN) and Worldwide Interoperability for Microwave Access (WiMAX) systems, 
millions of customers in foreign markets where be unable to access the internet due to the cost and inconvenience 
of copper cables or coaxial cable are benefited from WiMAX. For fixed wireless broadband access in "last mile" 
scenarios, WiMAX and WLAN systems may thus be the answer.  Therefore, antenna application is needed as 
antenna has the capability of sending and receiving electromagnetic energy.  This work proposes a solution to 
overcome the mentioned problems. 
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Antennas with dual or multi-band characteristics, ease of use, low-profile and lightweight, could satisfy the 
demand of covering the frequencies of these WLAN and WiMAX systems and also being utilized for RF energy 
harvesting have recently been made available. These antennas play a crucial role in integrating several 
communication standards into a single wireless communication system and in encouraging the expansion of 
wireless communication systems. Ways to imply the improvement can be done by choosing the best material 
when designing and consider the band gap of antenna [1],[2]. The slotted gap technique that is implied has been 
used in various applications, like sensors and electrical machines. This technique gives various advantages over 
other techniques, for example it enhances the antenna sensitivity in detecting any changes in the magnetic field. 
This improves the measuring accuracy and precision, highly recommended and suitable for application that 
required high sensitivity. Secondly, when compared to other methods, the slotted gap technique provides a 
greater signal-to-noise ratio. With a greater signal-to-noise ratio, this implies that the desired signal is superior in 
comparison to any unnecessary noise, resulting in an enhanced performance as well as dependability. Microstrip 
patch antennas are strongly recommended since it can support multiband operation. This benefits in utilizing the 
antenna for RF energy harvesting and WiMAX and WLAN systems application. Microstrip patch antenna is 
essentially a metallic copper patch made with a ground plane that is produced on top of a dielectric substrate. 

The first objective for this work is to design an antenna that can function at frequency of 2.45 GHz and 3.7 
GHz. The second objective is to analyze the simulated dual frequency antenna in terms of gain performance. 

2. Materials and Methods 

Table 1 shows the specification to design antenna. To ensure that the dual frequency antenna is functioning in 
good condition, the reflection coefficient must be less than -10 dB. By keeping the reflection coefficient below -10 
dB, the VSWR of the antenna will be greater than 2, meaning that about 30% of the transmitted signal will not be 
affected by the reflected signals [3]. To send and receive signals, the radiation pattern is bi-directional. Gain must 
be greater than 1 dB to indicate that the antenna is in excellent condition. If the gain results are in negative dB, 
this indicates that the matching impedance is incorrect. 

Table 1 Specifications for antenna 

Parameters Specification 

Reflection coefficient, S11 < -10 dB 

Radiation pattern Bi direction 

Gain  > 1 dBi 

Material for substrate FR-4 

Table 2 Antenna design parameters 

Parameters Specification 

Centre frequency, f 2.45 GHz 

Substrate material FR-4 

Dielectric constant of substrate, ɛr 4.3 

Thickness of substrate, h 1.6mm 

Feed and Ground material Copper 

Thickness of copper, ht 0.035mm 

 
To design an antenna, several parameters must be properly considered as shown in Table 2. In this work, the 

antenna dimensions are obtained from equations Eq.1 to Eq.3. The substrate material is FR-4, which has a 
dielectric constant, ɛr of 4.3. From the parameters above, formula of width and length of the microstrip patch 
antenna can be obtained from the following equations: 

Formula to calculate the width of an antenna, w is written in equation Eq.1 where f, c and ɛr are frequency, 
speed of light and dielectric constant of the substrate, accordingly. 

𝑤 =  
𝐶

2𝑓√(𝜀𝑟+1)

2

 (1) 

 
Formula for obtaining the effective dielectric constant, ɛeff is written in equation Eq.2, where ɛr, h and w are 

dielectric constant of substrate, thickness of substrate and width of antenna, accordingly. 
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Formula to find the length of patch antenna, L is as in equation Eq.3 where c, ɛeff , h and w are speed of light, 

dielectric constant of substrate, thickness of substrate and width of antenna, accordingly. 

𝐿 =
𝑐

2𝑓√𝜀𝑒𝑓𝑓
− 0.824ℎ (

(𝜀𝑒𝑓𝑓+0.3)(
𝑤

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑤

ℎ
+0.8)

) (3) 

 
Based on the equations in equation (1) to (3), the preliminary result of the antenna is shown in Fig. 1 with the 

antenna specification dimension shown in Table 3. 
 

 
Fig. 1 Microstrip patch antenna design 

Table 3 Antenna specifications dimension 

Parameters Dimension (mm) 

ws 60 

Ls 40 

h 1.6 

wp 38 

Lp 29 

ht 0.035 

wf 3 

k 6.8 

 
Fig. 2 shows the flowchart for the simulated dual frequency antenna. Firstly, the antenna will be designed 

based on a microstrip patch antenna with slotted gap to obtain dual frequency. Then, if the antenna does not obtain 
the desired frequency, it will go thorough optimization with increasing feed size. The antenna is then constructed 
on an FR-4 substrate after the optimization of antenna is simulated. After the simulation process, an analysis of 
the simulated antennas will be presented following the collection of results as mentioned in the design 
specifications previously. 
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Fig. 2 Flowchart for the simulated dual frequency antenna 

 
Before deciding on the proposed design of the dual frequency antenna, the antenna has to go through a few 

optimization levels in order to obtain the desired frequencies. Fig. 3 shows the designs of antenna that have been 
simulated before finalizing the antenna design. The antenna design begins with a no-feed antenna, but with the 
same other parameters as the final antenna design. Then, the feed size is increased by 0.5 mm, until the suitable 
feed width equal to 3.0 mm is chosen as the finalized antenna. The antenna design with feed width of 3.0 mm is 
chosen as the proposed antenna design due to its S11 result, H-field and E-field radiation pattern and gain is the 
best among all the design. 

 

 

ws = 60 

Ls = 40 

wp = 38 

Lp = 29 

wf = 3.0 

k = 6.8 
 

 
Fig. 3 Antenna with 3.0 mm feed 

3. Results and Discussion 

The dual frequency antenna has been simulated in CST Studio Suite software. All the results obtained for its 
reflection coefficient, radiation pattern and gain are discussed in this section. 

3.1 Reflection Coefficient, S11 

The frequency that is used for the simulation in CST Studio Suite software is 50 GHz. For the reflection coefficient 
results of the dual frequency antenna shown below, it can be observed that the proposed antenna design with 3.0 
mm feed size has the lowest S11 value, occurred at -16.05 dB and -25.42 dB.  S11 value below than -10 dB indicates 
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that the antenna is working in a good condition. Fig. 4 illustrates the simulated result for S11 while Fig. 5 illustrates 
the result of the S11 for the proposed antenna. 
 

 
Fig. 4 Simulated S11 for all feed width values 

 

 
Fig. 5 S11 for the proposed antenna with feed size = 3.0 mm 

3.2 Far Field Radiation Pattern 

Fig. 6 to 9 show the E-Field and H-Field radiation pattern for the dual frequency antenna at two different 
frequencies; f=2.45 GHz and f=3.7 GHz. The E-field and H-field radiation patterns shown are at Theta = 90. 
 

 
 

Fig. 6 Result for E-field radiation pattern at f =2.45 GHz 

 

 

Fig. 7 Result for H-field radiation pattern at f =2.45 GHz 
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Fig. 8 Result for E-field radiation pattern at f =3.7 GHz 

 

 

Fig. 9 Result for H-field radiation pattern at f =3.7 GHz 
 

The diagram of the radiation pattern is bidirectional in all frequencies in E-plane and the H-field. In Fig. 6, 
when the frequency is 2.45 GHz, the main lobe magnitude is equal to 9.8.3 dB(V/m) with main lobe direction at 
192°. From this radiation pattern result, it can be said that the electric field density is higher at the 181.9° region 
with angular width of -2.5 dB. For 3.7 GHz E-field pattern, the main lobe magnitude is equal to 11.8 dB(V/m) with 
main lobe direction at 177°. The angular width of 3 dB for this frequency is 77.9°. 

In Fig. 7, for the H-field radiation pattern, at frequency is equal to 2.45 GHz, the magnetic field is mainly 
distributed in the 181.9° region with main lobe magnitude equals to -41.7 dB(A/m) and main lobe direction is at 
192°. From Fig. 8, with a main lobe magnitude of -39.7 dB(A/m) and a main lobe direction of 177°. The 3dB angular 
width is 98.6° for frequency equals to 2.45 GHz and 77.9° for frequency equals to 3.7 GHz. From this result, the 
antenna may be more focused or directional at the higher frequency since the 3dB angular width is lower at the 
higher frequency, 77.9° at 3.7 GHz as compared to 98.6° at 2.45 GHz. 

The angular width (3 dB) refers to Half Power Beam Width or HPBW, an angular width that is measured in 
degrees, identified on the primary lobe of an antenna radiation pattern at half-power points, i.e. when the signal 
power is half of its highest value. The half power points are located at the 3 dB positions on the antenna's primary 
lobe. These locations are located at a distance of -3 dB from the amplitude peak. Half power beam width is the 
angle in the antenna's effective radiated field where the relative power is greater than 50% of the peak power. 
This is regarded as the portion of the antenna output that has the most constancy and usefulness and is intimately 
tied to the antenna gain [4]. 

3.3 Far Field Gain 

The ratio between the intensity in a particular direction and the radiation intensity that would be obtained if the 
power accepted by the antenna were radiated isotropically is known as the gain of an antenna. The power input 
by the antenna divided by 4𝝅 determines the radiation intensity that corresponds to the isotropically radiated 
power [5]. 

For f equals to 2.45 GHz, the gain of antenna obtained is 2.399 dBi. This value is reasonable to take as the gain 
as the gain for antenna to radiate in excellent condition is usually more than 1 dBi. However, for frequency equals 
to 3.7 GHz, the simulated gain is -0.449 dBi. This gain value cannot be considered as it lies below 1 dBi. The 
simulation for f=2.45 GHz and f=3.70 GHz can be seen in Fig. 10 and 11, respectively. Table 4 summarizes the 
simulation results.  
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Fig. 10 3-D Far field gain at f =2.45 GHz 

 

 
Fig. 11 3-D Far field gain at f =3.7 GHz 

Table 4 Gain for f=2.45 GHz and f=3.70 GHz 

f(GHz) Gain (dBi) 

2.45 2.399 

3.70 -0.449 

3.4 Discussions 

According to the results, the simulation results acquired from the CST Studio Suite software are reasonable 
although a few results obtained indicate that the dual frequency antenna does not function in higher frequency of 
3.7 GHz. The negative gain obtained might be due to the antenna has high losses at particular direction that causes 
the antenna cannot radiate in 3.7 GHz frequency. Comparing the result with the earlier research papers, the 
frequency band for WLAN and WiMAX obtained for the antenna to function well and efficient are in range of 1.43 
to 2.78 GHz with glass epoxy as its dielectric substrate [6]. The negative gain also indicates that the matching 
impedance is incorrect. Despite the fact that negative gain appears illogical, it is a valid concept in antenna theory 
and has its uses. For instance, it can be useful in assessing an antenna's effectiveness in a particular setting and in 
antenna design to enhance the antenna's emission pattern for particular uses. 

4. Conclusion 

In conclusion, the microstrip patch antenna is designed to be functional on frequency of 2.45 GHz and 3.7 GHz. 
From the simulation results obtained, the gain is only positive when the frequency is equal to 2.45 GHz whilst at 
frequency of 3.7 GHz, the gain happened to lie below 1 dBi, obtaining the negative gain value. This can happen 
when the antenna’s impedance is not correctly matched or due to high losses of antenna in particular direction. 
From the result, it can be clearly said that changes of frequency will affect the output gain. The dual frequency 
antenna has been successfully designed in CST Studio Suite software using FR-4 substrate. Due to the gain is only 
positive for 2.45 GHz, this antenna is suitable for RF energy harvesting application and needs improvement for it 
to be suitable to function for WiMAX and WLAN system applications. 
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