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Abstract: 

The Energy from radiations such as from broadcast stations, cellular stations and Wi-Fi access points can be harvested 

by operating ultra-low power electronic devices and sensors for various applications. It can be accomplished by having 

multiband or multiple antennas, rectifier circuits for conversion of RF signals into DC, supercapacitor, RF MEMS switches, 

boost converters and necessary power management circuits along with various sensors for different applications. The system 
operation can be enhanced by incorporating power sensor and broadband matching circuit,  so that it search for a bands with a 

maximum energy and dynamically tune the matching network. The drawback of using multiple rectifiers has been overcome by 

the accumulate-and-use topology. The super capacitor and RF MEMS switches are connected with tuned rectifier and boost 

converter in order to store more energy, fast response and low losses. The radio converter circuits feed the various ultra-low 

power electronic devices and sensors based on the applications. The signals can also be fed into microcontroller and transmitter 

antenna. Overall the device can be made in miniaturized size with advanced MEMS devices 
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I.  INTRODUCTION 
The Energy harvesting from radiation is one of the 

interested areas for researchers in recent years. Due to wide 

and tremendous increase in usage of wireless technologies, 

energy transmitted by broadcast stations, cellular stations and 

Wi-Fi access points can be harvested by operating ultra-low 

power electronic devices and sensors. It can be accomplished 

by having antennas, rectifier circuits for conversion of RF 

signals into DC, super capacitor, boost converters and 

necessary power management circuits. Some of the key 

challenges in converting this scavenging energy into useful 

energy include a) low power density and voltage levels which 

is insufficient for conventional rectification process b) In order 
to achieve higher voltages at the output of rectifier the high 

output impedance should be maintained (much higher than 

practical loads) c) use of boost converters leads to low input 

resistance and the power requirements for continuous 

operation is much higher. Reported circuit topology combines 

the output from multiple rectifier circuits cascaded or 

cascoded to overcome above challenges. However the use of 

multiple rectifiers along with separate antennas would occupy 

large area and hence increase the cost. This problem has been 

overcome by the accumulate-and-use topology. If it has been 

designed for unique bands, restricts the utilization of power 
over a single band, although multiband are available. Further it 

can be developed by using a power sensor so that it search for 

a band with a maximum energy and dynamically tune the 

matching network. Since it is operating under various 

frequencies, the design of the tuned rectifier can be done by 

using variable components instead of using fixed components 

in the case of unique RF harvester. In order to design a RF 

harvester of high power, we have to develop an intelligent 

management system for controlling the multiple units 

efficiently 

Some modification in the entire system results to use of 

multiband which improve the overall efficiency and speed of 
the system. It can be incorporated by a broadband matching 

circuit in such a way that efficiency over the range not 

compromised. 1) By adjusting the length of Toff , by Auto-
Zin-adjust circuit, the effective Zin of DC-DC converter can 

be controlled. Hence the efficiency of tuned rectifier is 

improved. 2) The efficiency of boost converter can be 

improved by using Maximum Power Point Tracking (MPPT) 

for adjusting the operating point. 3) Since the transmission 

consumes the major portion of power developed, the 

transmitting section can be made to sleep mode till the sensor 

node is ready to output the measured data by an adaptive duty 

cycle determination method with the use of digital controllers. 

The signals thus obtained can be utilized for actuate the ultra-

low power sensors and electronic devices The operating and 

switching can be improved by using super capacitor and RF 
MEMS switches. 

 

 
 Fig. 1 Block diagram of Energy Harvesting System 

 

II. CHOICE OF ANTENNA 

 The Antenna circuit may be designed by either 

single multiband antenna which can receive power of different 

frequencies or multiple antennas each receiving power of 
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different frequencies based on nature of signals i.e.. signal 

from broadcast stations, cellular stations, Wi-Fi Access points 

etc. The former has the advantages of  small size, more space 

for fixing additional components and circuits, and hence 

reduced cost compared to the latter, which occupies more 

space and larger in size. For most of the applications it is 
preferred and more suitable to have compact and miniature 

size rather than having multiple antennas occupying more 

space along with remaining complex circuits and components. 

A critical requirement of many miniature systems is the ability 

to sense and/or transmit electromagnetic energy for 

communications or remote sensing. In addition the single 

multiband antenna can be developed by using a power sensor, 

so that it search for a band with a maximum energy and 

dynamically tune the matching network. This can be 

accomplished using radio-frequency (RF), microwave, or 

millimeter-wave antennas that can be fabricated 

monolithically with other electrical/mechanical components to 
yield a new class of reconfigurable antennas capable of multi-

band operation, adaptive beam forming, jamming/interference 

mitigation, polarization diversity, low-observability, and 

direction of arrival estimation. By combining low-loss, high-

isolation RF MEMS switches with resonant micro-strip or 

fractal radiators, we can physically reconfigure antennas and 

their feed structures in order to provide frequency band and 

polarization diversity. The MEMS micro-relays are used to 

alternately connect or isolate sub-structures on the planar 

antenna element, creating a geometrically distinct radiator for 

each combination of switch positions. In addition, MEMS 
phase-shifters can be used in conjunction with multiple 

antenna elements to realize novel monolithic low-cost 

electronically steerable arrays (ESAs). These ESAs will 

facilitate future integration with active devices and signal 

processors to realize ‘smart’ antenna systems capable of 

autonomous frequency-band and radiation pattern adaptation. 

RF MEMS used in conjunction with fractal antenna structures 

as the basis of a new re-configurable antenna approach.. A 

fractal antenna can be designed to receive and transmit over a 

wide range of frequencies through the property of self-

similarity at different physical scales. The use of RF MEMS 

switches permits the overall fractal pattern to be dynamically 
“shattered” into subsets. This property may permit the spectral 

isolation of impinging RF energy through binary search 

algorithms. This agility offers enabling benefits for alterations 

in antenna performance to accommodate changes in mission, 

environment; tolerance to defects and faults; and enabling new 

algorithmic approaches and direct digital synthesis. 

 

III. CONVERTER CIRCUIT DESIGN 

The overall system is composed of converter circuits, 

which includes tuned rectifier circuits connected to Antenna 

circuit, supercapacitor, power gating circuit, boost converter 
etc 

 The proposed harvesting system is designed to drive 

a low power wireless sensor node by accumulating energy 

from ambient RF radiations. It is also reported that the power 

density (in at least at some hotspots if multiple cell phone 

towers are located in close vicinity) can be as high as 5 

mW/m2.     Since the power available would be insufficient to 

drive these continuously, accumulate and drive topology has 

been devised to overcome this.  The system consists of a high 

gain antenna attached to a tuned rectifier. For a received RF 

power of 15 μW, the maximum DC voltage available at the 

output of this rectifier across the super capacitor is about 400 

mV.   The tuned rectifier without the power gating circuit 

cannot drive a commercial low power DC/DC boost converter 

as the in-line energy requirement will not be satisfied. Hence 

to store sufficient energy, a super capacitor followed by an 
appropriate power gating circuit is used at the output of the 

rectifying circuit.   To maximize the overall efficiency, the 

startup component which is wasted every cycle of intermittent 

operation should be made insignificant. This can be achieved 

by increasing either the voltage across the supercapacitor or its 

capacitance value. However, increasing the voltage across the 

supercapacitor would increase the internal leakage in the 

supercapacitor, affecting the efficiency of the rectifying 

section. Furthermore due to practical limits of achievable Q, 

tuned rectifier can generate only a few hundred millivolts at 

the intended power level of 15 μW. Also since the efficiency 

of the boost converter varies with the input voltage, the 
supercapacitor operating voltage range is decided such that it 

maximizes the combined efficiency of RF–DC and the boost 

converter stage. The instantaneous efficiency of RF–DC 

section is defined as the ratio of rate of change of energy 

stored in supercapacitor and the input power Pin.  

The low power DC/DC boost converter circuits can 

be used to power up necessary power gating and leakage 

management circuits. Due to advanced developments in the 

MEMS switches, It is desirable to use MEMS switches as a 

power gating and leakage management circuits. In comparison 

with other types of switches, MEMS switches offer lower 
insertion loss and higher isolation, zero power consumption, 

small size and weight and very low intermodulation distortion. 

Hence it will enhance the entire operation of the harvester. 

 

IV. DISCUSSIONS AND POTENTIAL APPLICATIONS 

The output thus obtained can be directly or converted 

in to require form may be used to power ultra-low power 

electronic devices and sensors. The signal can also be 

transmitted in to the wireless sensors, processed for low power 

programmable applications etc.  With the advancement in 

wireless communication technologies, inexpensive and ultra-

low power wireless sensors can be developed. 
This system has wide applications in strategic and 

sensitive zones where a large number of various sensors need 

to be employed. This signal is more enough for actuating 

temperature sensor, chemical sensor, GPRS data logger etc. 

 

V. CONCLUSION 

Thus highly efficient wirelessly powered wireless terminal 

can be accomplished. With advanced developments for faster, 

smaller, highly tunable and cheaper communication systems 

that consume less power and have wider bandwidths for 

increased data rates, MEMS devices found a new field of 
applications. Structures such as low loss and high isolation 

MEMS switches, reconfigurable antennas, filters and tuners, 

high –Q passives and resonators, low loss planar waveguide 

components and low loss phase shifters are a few examples of 

revolutionary components. Comprising all above, the more 

efficient, small size, low cost energy harvester can be 

developed. Overall the device can be made in miniaturized size 

by making the components as small as possible, so that it can 

be mounted anywhere and everywhere 
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