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Abstract—The advancement of the modern world requires 

catering the power crisis. New methodologies for energy 

harvesting were considered, but their succession in a different 

environment is still to explore. This paper deals with antenna 

designing to harvest energy from radio signals. The rummage of 

energy from surrounding sources is considered a harvesting of 

energy and it would be an alternative approach for low energy 

utilization. As comparatively well-known sources are considered 

for energy harvesting; such as wind and solar, radio frequency 

signal can provide continues supply of energy harvesting. 

Alternatively, we are getting the maximum usable energy 

resources which are challenging the amplitude of arriving signal, 

which is considered very low and the requirements for operating 

available antennas are proportionally higher. Using the 

Microstrip patch antenna limited the energy resources, because it 

is low profile, easy to configure, simple in design at the lowest 

rate. Furthermore, the combined the configuration and proposed 

antenna design provide the maximum energy efficiency. More 

simulation iterations are performed to maximize the gain of ISM 

band of 2.4 GHz. The operating frequency of microstrip patch 

antenna is 2.4GHz, which provides the gain of 7.2dB, return loss 

-20dB and the directivity of 7.44dB. The achieved result of source 

voltage is 900 mv after rectification the output voltage 2.5v. The 

results are efficient and suitable to overcome litter bit power 

crisis. 
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I. INTRODUCTION 

The energy harvesting is the method through the energy is 
derived from the external sources like: solar power, thermal 
energy, kinetic energy and wind energy. The energy harvester 
supplies low energy for low power consumption devices. 
While some of the existing resources of energy sources give 
an opportunity to the harvesters nearby as ambient 
background. Currently, the fast growth of wireless operated 
systems and researchers are engaged to get more energy from 
energy harvesting technology to off the load from electricity 
suppliers [1]. Ambient radio frequency energy is enveloping, 
particularly for Wi-Fi and mobile networks. The energy 
harvesting is possibly taken from the mobile phones and it 
would be used for low power devices and short range 
applications [2]. The idea of energy harvesting is not 
innovative rather than it came hundred years ago. The method 

of energy harvesting is to extract the energy from the 
environment to produce the electricity is known as the energy 
harvesting or energy scavenges [3]. This technology mainly 
offers the freely available energy and the green environment. 
The energy harvesting is available around us can be harvested 
to rectifying antenna generally known as rectenna. The 
rectenna is the process of rectifying antenna which is used to 
convert the electromagnetic energy into electrical energy [4]. 
The rectenna refers to the high frequency signal can be 
harvested from the free space and converted into the DC 
power as well. The energy harvesting from the RF can be 
useful in terms of DC power which is designed in the below 
Fig. 1 demonstrated the Antenna signal amplification and 
matching circuit for the maximum power transfer from the RF 
signal. 

In last few decades, the usage of wireless communication 
systems and its applications are increasing the day by day, 
which is rapid growth in the incensement of battery usage. 
The batteries are used in this application very rear such as 
periodical replacement of batteries is required in order to the 
application. Sometimes it is very difficult to change the 
manually charged system [5]. Recently, the interest in radio 
frequency (RF) energy harvesting/scavenging has been 
increased due to its advantages and RF harvesting having 
potential of converting radio received signal into electrical 
signals [6]. Energy harvesting is the process of scavenging 
ambient energy from sources in the surrounding environment. 

 

Fig. 1. RF Energy Harvesting Block Diagram. 
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II. LITERATURE STUDY 

The previous study on energy harvesting is summarized as 
the following. The performance of a wireless system is 
restricted through the fundamental energy. To study energy 
harvesting based on wireless communication channel and its 
interference status of the point to point link [7], [8]. The 
author discussed ultra-low power chip based system which 
harvest energy form sensing applications. Three chip system 
contains emulation resistor circuit and radio frequency DC 
rectifier [9]. The some assumption are taken for wireless 
systems in response of energy harvesting those having a 
constant conversion of energy from energy harvesters [10], 
also energy harvesting technology is under deployment phase 
to facilitate low power devices in wireless networks [11]. To 
analyze energy harvesting based cognitive radio system. 
During the sensing of primary user and transmission time, 
energy is harvested from cognitive radio [12]. The integration 
of harvesting and multiple antennas would be a viable solution 
for enhancing energy efficiency and decreasing transmission 
power as a requirement of the system. [13], [14]. The multi-
relay system is considered and studied that how much each 
relay divide received RF signal power to maximization of data 
transfer [15].  Important parameter of the antenna utilized in 
energy yielding is their radiation efficiency which is identified 
with the its losses include dielectric and conducting along with 
the effectiveness, which in addition considers the accounting 
of mismatch losses  between antenna and its feeding methods. 
An efficient dual band antenna for boosting reception of 
ambient RF signals with wide bandwidth in Wi-Fi bands 
2.45GHz and 5GHz has been investigated in [16] which 
provide an alternative source to power sensors in harsh 
environments and remote places. 

III. SIMULATED PROPOSED ANTENNA DESIGN 

The simulation tool is used for antenna designing is the 
High frequency structure simulator (HFSS). The simple 
microstrip patch antenna is designed using the substrate 
material duroid roger 5880. It has the dielectric constant value 
is 2.5 and the loss tangent is 0.0008, which is given in the 
below Table 1 and we have to calculate the width      and 
length      of the patch antenna through the following 
equation (1) and (2) [17], which is approximate the 40mm and 
43mm respectively shown in the given Fig. 3. 
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In above equations the c is the speed of light, reff
, o and

L  are the effective dielectric constant, second is  
permeability of the free space and the extension length is 

denoted by L  and the effective dielectric constant reff
 can 

be computed through following equations, respectively as. 
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The radiating patch size is represented as      . While 
the substrate width and length is highlighted as    and   . 
The operating frequency of designing antenna, the dielectric 
constant and the height of the substrate are 2.4GHz, 4.3 and 
1.5mm, respectively. As the design model considered as a 
proposed antenna model which is analyzed as transmission 
line, therefore the    and    can be calculated through the 
given formulas as suggested in [18-20]. The proposed antenna 
design for the microstrip patch antenna is suggested the inset 
fed for the input impedance    as 50Ω. 

The antenna is simulated in the HFSS simulator; thus, the 
specific values are required to design the antenna in estimated 
simulator. The simulation parameter values are calculated 
from the specified equations as mentioned in the section. After 
numerical calculations, the proposed antenna is modeled as 
the sample of patch antenna is shown in Fig. 2. 

 

Fig. 2. Basic Microstrip Patch Antenna Design. 

TABLE I. SIMULATION DESIGN SPECIFICATIONS OF ENERGY 

HARVESTING ANTENNA 

S. no. Parameters Values 

1. 
 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

Substrate Dielectric 
Constant 

Inset Gap 
Inset Length 
Substrate Thickness 
Operating Frequency 
Patch Width 
Patch Length 
Substrate Width 
Substrate Length 
Feed Width 
Feed Length 
Input Impedance 

4.3 
 

4mm 
8mm 
1.5mm 
2.4GHz 
40mm 
43mm 
60mm 
60mm 

7mm 

16mm 

50 Ω 
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IV. SIMULATION RESULTS AND DISCUSSION 

In this section, we discussed about the simulation 
parameters and their results. The T-shaped microstrip patch 
antenna is simulated and configuration of the proposed 
antenna in HFSS simulator demonstrated in Fig. 3. The T-
shaped antenna having a slot on the patch looking like T 
alphabet and it is used to get more energy for the energy 
harvesting system as results reveals in subsequent section. 

The antenna simulation parameters are already discussed 
in the previous session. The simulation results are presents in 
the given section. 

The antenna rectifier model is developed as shown in 
Fig. 4. The RF input signal is used in simulation is presented 
in Fig. 5.  By the trial and error method, the achieved results 
were determined as more than 900 mv. The rectified and 
filtered output of the simulated circuit design is depicted in 
Fig. 6. The variation of the simulated return loss as a function 
of frequency is presented microstrip patch antenna which is 
presented in Fig. 7. The air gap is varied; the bandwidth and 
gain do not show significant changes. However, the return loss 
is increased as the air gap increases. 

 

Fig. 3. T-Shaped Microstrip Patch Antenna in HFSS Simulator. 

 

Fig. 4. Circuit Diagram of Rectifier for RF Harvesting in Multisim V14. 

 

Fig. 5. RF Input Signal to the Rectifier Circuit. 

 

Fig. 6. Filtered and Rectified Output of Simulated Circuit. 

Antenna size and frequency are related inversely so 
operating range of 2.4GHz will result in miniaturized design 
and its given frequency they obtained return loss is -20dB. 
The term gain expresses the radio waves are directed in a 
direction which is the converted form of input power. In the 
Fig. 8 illustrates the maximum gain 7.2dB is achieved at 
frequency of 2.4GHz. The omnidirectional directivity is 
experienced and having a numeric value of 7.44 dB as shown 
in Fig. 9. The acquired simulation results are suitable for the 
energy harvesting applications. The 3D polarization results 
have also been measured to confirm the good polarization. 
The following Fig. 10 shows the polarization around 6.071 
magnitudes. The polarization is mostly directed in horizontal 
direction is suitable for EH application. Fig. 11 illustrates the 
result of T-shaped microstrip patch antenna of the Radiation 
pattern of gain, it is good radiation pattern that covers the front 
direction, it also describes the vertical half power-beam width. 
The voltage standing wave ratio (VSWR) of the T-shaped 
microstrip patch antenna is measured as a 1.2 and the input 
impedance of the simulated antenna is 49.5 which is nearly 
equal to the value of set impedance or input impedance, which 
demonstrate that the suggested antenna has minimum losses. 
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Fig. 7. T-Shaped Microstrip Patch Antenna Simulated Return Loss. 

 

Fig. 8. T-Shaped Microstrip Patch Antenna Simulated 3D Gain. 

 

Fig. 9. T-Shaped Microstrip Patch Antenna Simulated Directivity. 

The performance of U and T-shaped antenna is quite 
similar but in u shape having more harmonics are experienced. 
The T-shape performs better in a freely available spectrum, 
which is considered a wireless local area network. The 
efficiency of antenna is quite good in gain and directivity to 
capture the RF signals from the free space. The authors [21] 
have achieved a low gain so that T-shape antenna is preferable 
over U-shaped antenna. 

 

Fig. 10. T-Shaped Microstrip Patch Antenna Simulated Polarization. 

 

Fig. 11. T-Shaped Microstrip Patch Antenna Simulated Radiation Pattern. 

V. CONCLUSION 

T-shaped microstrip patch antenna is designed for energy 
harvesting in one of the well-known simulator high frequency 
structure simulator (HFSS) software. The size of antenna is 
60x60mm using FR4 substrate material with dielectric 
constant of 4.3 along the operating frequency 2.4GHz. The 
feature of proposed antenna is studied and has been optimized 
to get better results using a simulation platform. Numbers of 
simulation iterations were performed to check the 
performance of antenna in order to maximize gain around the 
ISM band of 2.4 GHz. Energy radiation distributions in space 
are presented through a quasi-omnidirectional radiation 
pattern at the frequency of 2.4 GHz. Low power consuming 
electronic devices and sensor networks are main target of 
energy harvesting to get more benefits from these networks. 
The presented work has more potential for future networks 
which will be only a way to power the network through 
harvesting technology. The result shows that it can work 
properly with low return loss, relatively high gain and good 
radiation pattern. The expected characteristics are obtained, 
and hence the proposed antenna is substantial and to be used 
as the front-end section of an energy harvesting system. The 
return loss of – 20 dB is noted at resonating frequency of 2.4 
GHz with gain is 7.2 dB and directivity of 7.44 dB. This 
antenna is suitable candidate for the energy harvesting 
applications. Rectifier simulation results are validated and 
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indicated that how RF vitality has been achieved, signal is 
amplified and after harvesting performed using well known 
software named as Multisim. The achieved results present the 
suitability of rectifier circuit. 
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