
 

8 VI June 2020

http://doi.org/10.22214/ijraset.2020.6378



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue VI June 2020- Available at www.ijraset.com 
     

 
2352 ©IJRASET: All Rights are Reserved 
 

Compact 5.4 GHz H-Shaped Slot Antenna for Energy Combining 
D. Nagaraju1, V. Rohith2, CH. Duggi Raj Kiran3, L. Sathvik4 

1Assistant Proffesor, 2, 3, 4Undergraduate Students, of Electronics and Communication Engineering, Matrusri Engineering College, 
Saidabad, Hyderabad. 

Abstract: In this paper, a compact H-shaped slot antenna is proposed. The antenna contains a H-shape slot which is fed through 
microstrip line, and an open circuited stub is connected for proper impedance matching. A H-shaped slot is used for bandwidth 
enhancement. The antenna is designed to radiate at 5.4 GHz with a bandwidth of 1.6 GHz. The antenna has an omni-directional 
pattern across the frequency band. The gain of the antenna is 4.35 dBi at 5.4 GHz. Since, the proposed antenna satisfies all the 
characteristics of energy harvesting systems, it can be used for energy harvesting systems, at 5.4 GHz 4G-LTE band. CST 
microwave studio was used for designing the proposed antenna. An excellent agreement is achieved between simulated and 
measured results. 
Keywords: Open Circuited Stub, Bandwidth Enhancement, Slot Antenna, Energy Harvesting, 4G-LTE Band. 

I. INTRODUCTION 
In recent years there has been dramatic increase in the development of wireless systems and low-power integrated electronic 
circuits, and to study the possibility of powering these type of systems and circuits various research studies have been implemented 
which involves harvesting of RF ambient electromagnetic energy [1]-[3]. To harvest the RF energy the one of the best method is to 
use a rectenna. A rectenna is also called as rectifying antenna which consists of receiving antenna, filters and rectifiers (rectifying 
circuit). The receiving antenna is presented in this paper. For an energy harvesting system the antenna should have some required 
specifications such as high gain, high directivity, omnidirectional radiation pattern, large bandwidth and high efficiency. If these 
requirements are met then the antenna can be used for energy harvesting system. To meet the requirements, various methods have 
been proposed. Several studies concentrate on the receiving antenna where it collects input power as much as possible. If the input 
power received by antenna is maximum then the energy harvested will be also maximum. Several studies have been using 
multiband antenna to harvest from different frequency bands [4], antenna with high gain can also be used with energy harvesters [5], 
combination of EM wave and solar cell is use [6], and rectenna arrays [7]. In paper [8], semicircular slot antenna for rectenna was 
presented. A compact 5.4 GHz antenna for energy combining is proposed in this paper. This compact feature can be used in 
rectenna array design to combine higher microwave power at 4G-LTE band. 
In further sections the antenna configuration with geometrical parameters with antenna results such as reflection, VSWR and 
radiation pattern are discussed. 

II. H-SHAPE SLOT ANTENNA DESIGN 
Starting from conventional microstrip-fed rectangular slot antenna with a magnetic wall at the slot center is shown in Fig.1(a).,the 
proposed design has a H-shape slot fed by a microstrip feed line and open-circuited stub to adjust impedance matching which is 
shown in Fig 1 (b). The antenna is designed in CST microwave studio. In designing the antenna FR-4 substrate with a dielectric 
constant (ɛr) of 4.4 with thickness of 0.8 mm was used. The antenna is compact for using H-shape slot. The H-shape slot increases 
the bandwidth of the antenna. The resonance frequency of the slot is calculated from (1), where ‘c’ is the speed of the light and ‘ɛeff’ 
is the effective dielectric constant. The dimension of the designed antenna is 92 x 73.5 mm2. Fig 1 (b) and Fig 1 (c) shows the layout 
and fabricated prototype of the proposed antenna respectively; all the geometrical parameters of the antenna are illustrated in Fig 1. 

)     (1)  

    
(a)                                                                                                                    (b) 
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Fig 1. (a) slot antenna, (b) H-shape slot geometry of proposed antenna and (c) fabricated prototype L = 92 mm, L1 = 44 mm, L2= 
0.74 mm, L3= 38.5 mm, L4 = 14.9 mm, W=73.5 mm, W1 = 18 mm, W2 = 2.75 mm, W3 = 1.53 mm, W4 = 0.55 mm 

III. ANTENNA RESULTS 
A. S-Parameters of antenna 
Fig. 2 shows the excellent agreement between the simulated and measured S-parameters (reflection coefficient or return loss) for the 
H-shaped slot antenna. As seen from the figure, it can be observed that the antenna has a bandwidth for reflection coefficient ≤ -10 
dB from 4.8 GHz to 6.4 GHz. Therefore, the bandwidth of antenna is 1.6 GHz. The surface current distribution is shown in the Fig. 
3. 

 
Fig 2. Simulated and measured results of S-parameters of the antenna 

 
Fig. 3. Surface current distribution of the antenna at 5.4 GHz 
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B. VSWR 
Fig. 4 shows excellent agreement between simulated and measure VSWR for the H-shaped slot antenna. The antenna has VSWR ≤ 
2 from 4.8 GHz to 6.4 GHz. The antenna efficiency is more than 90% for the entire bandwidth. The measurements are performed 
using a vector network analyser. K connector is used in the measurements which effects the measured results slightly. 

  
Fig. 4. Simulated and measured VSWR results of the antenna 

C. Radiation Pattern  
E-plane and H-plane at 5.4GHz is shown in the Fid. 5. The antenna radiates with a gain of 4.35 dBi at 5.4 GHz. The antenna design 
has a relatively stable radiation patterns over the entire frequency range, and the radiation efficiency is around 90% over the 
operation frequency range. 

 
Fig. 5. E-plane “Red line” and H-plane “Green line” radiation pattern at 5.4 GHz 

IV. CONCLUSION 
In this paper, a H-shaped microstrip slot antenna which resonates at 5.4 GHz frequency was designed and simulated using CST 
microwave studio software was presented. The designed antenna has achieved very low return loss and excellent voltage standing 
wave ratio. The optimization strategy employed for investigating the antenna characteristics shows high efficiency to achieve a high 
performance and high accuracy. The fabricated antenna has a bandwidth of 1.6 GHz and a gain of 4.35 dBi at resonant frequency of 
5.4 GHz with an omni directional radiation pattern. Since, the fabricated antenna meets the requirements of energy harvesting 
systems, it can be used in energy combining techniques.  
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