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ENERGY HARVESTING USING LOADED METAMATERIAL ABSORBER
UNIT-CELL WITH POLARISATION INDEPENDENT CAPABILITY

SAID CHOUKRI, HAKIM TAKHEDMIT, OTMAN EL MRABET & LAURENT CIRIO

ABSTRACT
In this paper, we demonstrate the feasibility of har-
vesting electromagnetic waves by using a meta-
material absorber unit-cell with a high absorption
rate of 98.86 %, that operates at 5.8 GHz. The nu-
merical results show that the proposed unit-cell
has nearly constant performances regardless the
polarization angle of the incoming waves. Then
four resistive loads were embedded in the unit-
cell to compute the radiation to RF conversion effi-
ciency. An equivalent circuit model was also pro-
posed and comparison was made to the simulation
results.

INTRODUCTION
Nowadays, the demand for energy autonomy for
portable systems becomes more and more sub-
stantial particularly in 5G communication technol-
ogy, Radio Frequency Identification (RFID), elec-
tric vehicles, Internet of Things (IoT) and Wireless
Sensor Nodes (WSN).
With conventional microstrip antennas we still
have some limitations like:

• low RF-to-AC conversion efficiency,
• polarization mismatch,
• narrow beam-width etc..

ABSORPTION COEFFICIENT

The Absorption Coefficient is given by the follo-
wing equation :

A(ω, θ, φ) = 1− |S11(ω, θ, φ)|2 − |S21(ω, θ, φ)|2 (1)

Fig.7 depictes the Absorption Coefficient as a func-
tion of Frequency With various polarized plane
waves excitations : TE, TM, LHCP and RHCP.
From this figure, it is clearly shown that the re-
sponse of the unit-cell is very less sensitive to
the polarization of incident waves and absorption
peaks reach 98.86 % at the operating frequency.
Fig.8 and Fig.9 show also that the response is less
sensitive to the polarization angle φ, and the angle
of incidence θ.
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Figure 7: Absorption for different polarization
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Figure 8: Absorption as a function of φ (θ = 0◦)
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Figure 9: Absorption as a function of θ (φ = 0◦)
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CONCLUSION AND FUTURE RESEARCH
In this work, we showed numerically that the proposed unit-cell can potentially be used for electromag-
netic energy harvesting regardless of the polarization of incident waves with high absorption rate at 5.8
GHz. The experimental validation of the structure is planned. Also, an RF-to-dc conversion circuit will
be integrated to complete the Metasurface Rectenna.
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EFFICIENCY AND VOLTAGE ACCROSS RESISTANCES
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Figure 10: RF to AC Conversion efficiency

Radiation to RF conversion efficiency is computed
by

η (%) = 100
PL

Pin
(2)
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Figure 11: AC power as a function of frequency

Where Pin is given by :

Pin = <
{
1

2

∫
A

~E × ~H∗. ~wdA

}
(3)

Note that the magnitude of incident electric field vector was : Emax = 2.7 V/m

UNIT-CELL DESIGN
The following figure shows the geometry of the
proposed unit-cell :

Figure 1: Unit-Cell Geometry

The unit-cell was designed on FR4 Substrate
(εr=4.3 , tan δ=0.025), and backed with a copper
ground Plan.
An equivalent circuit model for the whole struc-
ture was derived as shown in Fig.2.

Figure 2: Circuit Model

CURRENT DISTRIBUTIONS

Figure 3: Mode TE

Figure 4: Mode TM

Figure 5: LHCP

Figure 6: RHCP
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