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Abstract: The presented paper introduces the basic ideas and methods of wireless power transfer 

along with the design of antennas for energy harvesting demonstrator for use in GSM band with the 

aid of commercial available integrated circuit Powercast P2110B. The energy harvesting demon-

strator should operate from - 12 dBm input power and utilize E-slot patch antenna or biplanar Yagi-

Uda antenna for its work. The antennas were designed in CST Microwave studio, consequently 

fabricated and their input reflection coefficient measured and compared with simulation. 
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1. INTRODUCTION 

The beginning of energy harvesting came from the idea of Nikola Tesla to transfer energy between 

two points without the need for physical connection to a power source. While several methods of 

wireless power have been introduced since Tesla´s work, including near-field magnetic resonance 

and capacitive coupling, only RF/microwave and laser-based systems appears to be applicable for 

long-range power transfer [1]. The scientist W. C. Brown made significant contribution in 1960´s 

with “rectennas”, which are antennas able to directly rectify RF signal into DC[1]. Two major 

communities of researchers are today working on solar powered satellite (SPS) systems, which are 

focused on collecting solar energy in orbital stations around Earth and beaming it to the ground via 

microwave power transfer and RF identification (RFID) systems mainly used for tracking. 

This paper is organized as follows. Section 2. presents the main blocks of energy harvesting sys-

tem. Section 3. partially deals with the design of proper antennas and integrated circuit Powercast 

P2110B with supplemental parts. Section 4. presents the measured results of antennas. The last sec-

tion 5. provides entire evaluation of the achieved results with suggestion to the further work. 

2. ENERGY HARVESTER 

The RF energy harvesting system (Fig.1) consists of an antenna or antenna array with linear or cir-

cular polarization, low losses and large bandwidth which impedance is subsequently matched by 

using band-pass filter that filters out high order harmonics resulting from the non-linearity of the 

rectifier. The rectifier is important part of the harvester which defines efficiency and sensitivity of 

the entire system. It is usually composed from specific topology of Schottky diodes and capacitors, 

e.g. the topology of charge pump allows increasing rectified DC output voltage to the higher level. 

In addition the bias point of the diode depends on the frequency and the level of received input 

power [1]. Instead of using charge pump, the step-up converter is often used in order to optimize 

and maximize power delivery to the storage medium such as supercapacitor or a battery. The load 

can be then connected to this power supply directly or in terms of the voltage regulator which pro-

vides constant voltage output for a longer time e.g. for sensitive applications [2]. 
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Figure 1: Block structure of RF energy harvesting system 

3. ANTENNAS AND RF ENERGY HARVESTING MODULE DESIGN  

The E-shape patch antenna was designed according to the approach described in [3] on the dielec-

tric substrate Foamclad (h = 1.88 mm, εr = 1.25, tg δ = 0.0035) for covering the GSM band in 

range from 850 MHz to 985 MHz, the biplanar Yagi-Uda antenna was designed according to ap-

proach described in [4] on the dielectric substrate Arlon 25N (h = 1.524 mm, εr = 3.38, tg δ = 

0.0025  for coverage of band from 890 MHz to 965 MHz. The simulated gain of these antennas is 

about 7-8 dBi vide Fig.2.  

  

Figure 2: Simulated radiation pattern of E-shape patch antenna (left) and biplanar Yagi-Uda 

antenna (right) in E plane at frequency 915 MHz 

The RF energy harvesting module (Fig.3) is designed to be assembled of a resistor R_SET which 

determines the output voltage, couple of capacitors C1, C2 with different capacities for testing the 

charging times and the output LED for checking activation of the circuit. 

          

Figure 3: Circuitry of designed RF energy harvesting module  

4. MEASURED RESULTS 

Frequency response of the reflection coefficient (Fig.4) of previously described antennas was 

measured by a vector network analyzer Rohde & Schwarz ZVL13 and the measured traces of the 
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presented antennas have a similar shape to the simulation results, the differences could be caused 

by fabrication imperfections. 

 

Figure 4: Measured and simulated reflection coefficient of biplanar Yagi-Uda antenna (left) and E-

shape patch antenna (right) 

 

Figure 5: Fabricated biplanar Yagi-Uda (left) and E-shape patch (right) antennas 

5. CONCLUSION 

Two types of applicable antennas for energy harvesting demonstrator was proposed. The designed 

receiving antennas were manufactured, measured for the reflection coefficients and the data com-

pared with simulation. Achieved impedance bandwidth of the E-shape antenna is 14 % and for the 

biplanar Yagi-Uda antenna 10.5 % for the reflection coefficient less than -10 dB (Fig.4). Manufac-

tured prototypes of the antennas are shown in Fig.5. The energy harvesting module was designed as 

it is shown in Fig.3. The aim of the further work is to fabricate and check the function of the energy 

harvester module as the voltage power supply in different locations. 
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