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space and hence can be captured by an antenna. This kind of 
energy harvesting is still a new research direction and is of 
great interest to engineers and researchers worldwide. Several 
sources for RF energy harvesting exist, which can be 
classified into three categories: intentional sources, anticipated 
ambient sources, and unknown ambient sources. The 
intentional sources are in fact dedicated power transmitters 
that provide controlled amount of power. Unknown ambient 
RF sources can still provide minimal amount of power, 
however, with no control and no knowledge of the sources of 
such transmitted energy. The levels of power RF available in 
the ambient environment are low, which requires a matching 
circuit to minimize the losses by reflection and to maximize 
the transmission of power towards the electronic device [2]. 

The main objective of an RF energy harvesting system is to 
convert the RF power from the space into usable electrical 
energy source. When harvesting energy in the GSM or WLAN 
band, one has to deal with very low power density levels. 
Therefore, neither GSM nor WLAN are likely to produce 
enough ambient RF energy for wirelessly powering miniature 
sensors, unless a large area is used for harvesting. 
Alternatively, the total antenna surface can be minimized if 
one uses a dedicated RF source, which can be positioned close 
(a few meters) to the sensor node, thereby limiting the 
transmission power to levels accepted by international 
regulations [3]. 

In order to achieve that, a system with several stages is 
required. The RF power is generated from a transmitting 
antenna (i.e., the ambient RF waves), which are then captured 
by a receiving antenna as an input feeder to the harvesting 
circuitry. In this work, we propose the use of linearly 
polarized antenna system for ease of impedance matching. 
Second step is to transfer the power received by the antenna to 
the circuit with minimal losses. Therefore a matching circuit, 
if needed, is placed at the input stage of the harvesting circuit 
to minimize the mismatch between the antenna and the next 
component of the circuit. Furthermore, a voltage booster 
circuit is added to the device as an amplifying unit for the 
voltage input in order to increase the output voltage of the 
system. Since most of the consumer devices require a DC 
supply unit to charge, a rectifier circuit takes its function to 
convert the AC voltage into DC and stores it in a storage unit. 
Significant amount of research work have been conducted in 
this exciting field ranging from antenna design to high-
efficiency rectifying devices. The RF-DC conversion 
efficiency of the rectenna with a diode depends on the 
microwave power input intensity and the connected load. We 
need to get the optimum microwave power input intensity and 
the optimum load to maximize the efficiency. When the power 
or load is not well matched, the transferred power is not the 
optimal power and the efficiency becomes quite low. The 
efficiency is also determined by the characteristic of the diode; 
the diode has its own junction voltage and breakdown voltage. 
If the input voltage to the diode is lower than the junction 
voltage or is higher than the breakdown voltage, the diode 
does not show a rectifying characteristic. As a result, the RF-
DC conversion efficiency drops with a lower or higher input 

than the optimum [4]. 
It is instructive to mention here that tremendous amount of 

work have been allocated to antenna design of such harvesting 
systems [5]-[9]. Many of such research attempts have adopted 
commercially available antennas or even designed ones that 
are electrically-large. As such, this imposes constraints on the 
usability of such systems. In [10], a conceptual view of 
enhancement mechanism of RF energy harvesting was briefly 
introduced. In this paper, we provide a thorough analysis of a 
cost effective and efficient antenna design to maximize the 
amount of power that is captured by the antenna system of the 
harvesting circuitry. An appropriate receiving antenna design 
is imperative since the antenna characteristics, such as gain, 
radiation pattern, and impedance bandwidth, can affect the 
amount of harvestable energy [11]. The enhancement is 
achieved here through incorporating a monopole antenna array 
designed at 900 MHz band with a reflector to maximize the 
amount of captured energy by the antenna system. Several 
sensitivity analysis and experiments were carried out in 
laboratory and results are comprehensively presented in this 
paper. For comparison purposes, single antenna elements at 
both transmitter side and receiver end of the harvesting circuit 
were adopted. In this work, an enhanced RF energy harvesting 
circuitry is designed and tuned to work at the 900 MHz 
frequency band. However, for broadband applications it is 
necessary to have a broadband antenna and a broadband 
matching unit for the diode [12], which is currently under 
investigation. 

This paper is organized as follows. Section two explores the 
proposed energy harvesting system. Both the circuit layout 
and fabricated prototypes are further discussed. Section three 
describes procedure of the experimental work that was 
conducted in controlled laboratory environment. The results 
are also discussed and several case studies quantifying the 
performance of the energy harvesting circuitry are explored. 
Finally, section four concludes this research work with a brief 
summary of the findings. 
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rectifying circuit and a unit storage device. To further enhance 
the captured energy, an in-house made conducting reflector 
was used. Moreover, the performance of 7-stage voltage 
multiplier circuit on the overall captured output voltage was 
emphasized. Several design constraints related to 
manufacturability of such systems were also discussed with 
more emphasis given to the choice of diodes. 

The experimental results, based on this study, show that the 
power harvested by one antenna decreases when separation 
distance between transmitting antenna and receiving circuitry 
increases. Furthermore, the use of high-gain antenna array as 
well as RF reflector at the input of the harvesting system has 
resulted in a substantial increase in the harvested power. 
Currently, more work is being carried out to investigate the 
effect of load capacitors delay on performance as well as the 
use of high-gain planar antennas in order to maximize the 
captured energy by the harvesting circuitry. 
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