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Abstract
In this paper, we have investigated the possibility of wire-
less power transfer and energy harvesting from a metasur-
face absorber. A tunable metasurface absorber is developed
at 2.58 GHz. The incident waves on the metasurface which
are absorbed are harvested for wireless power transfer ap-
plications. Furthermore, the effects of the feed location’s
position on the metasurface are also studied. The proto-
types were developed and tested and the results are in good
agreement.

1 Introduction
Wireless Power Transfer (WPT) technology enables energy
transmission wirelessly, gaining significant attention in in-
dustrial and commercial sectors in recent decades [1]. This
technology, especially in microwave energy harvesting, has
gained prominence across various applications, including
healthcare, biomedical systems [2], sensors [3], the Inter-
net of Things (IoT) [4], and wireless communications.

Metasurfaces are two-dimensional structures with periodic
arrangements of sub-wavelength resonators that control
the amplitude, phase, and polarization of electromagnetic
waves [5] for diverse applications such as frequency selec-
tive absorption/deflection [6], anomalous reflection [7], and
on-air mixing and modulation [8]. Metasurface absorbers,
particularly, are popular for electromagnetic shielding, dis-
sipating trapped waves near the resonance frequency of the
unit cells to avoid surface reflection.

Although metasurfaces, with large apertures illuminated by
electromagnetic waves, are utilized for propagation ma-
nipulation, a significant portion of these waves becomes
trapped on the metasurface as surface currents, which can
be harvested and recycled [9]. Fig. 1 illustrates the concept
of energy harvesting through wireless power transfer, where
the metasurface absorber operates in absorptive (’ON’) and
reflective (’OFF’) modes based on its bias state. The inci-
dent EM waves on the metasurface are trapped and recycled
through a power management circuit to harvest its energy
which would otherwise have been lost.

In this work, we have developed a transmissive/reflective
absorber at 2.58 GHz and studied the possibility of energy
harvesting and wireless power transfer through the devel-
oped metasurface. In the study, We have shown that a
higher surface current flows through the metasurface dur-
ing the absorption (’OFF’) state as compared to its reflec-
tion (’ON’) state, and when a SMA port is introduced on

Figure 1. Conceptual representation of energy harvesting and
WPT from reflecting/absorbing metasurface.

the metasurface a higher |S21| is observed in the OFF state
vs ON state. Further analysis is performed on the port loca-
tion on the metasurface for a higher reception capability. A
prototype is developed as well and the performed analysis
has been verified via rigorous measurements.

2 Metasurafce Design
The metasurface’s unit cell design, shown in Fig. 2, consists
of quarter metallic square rings along the corners which are
connected to a circular ring at the center along the diag-
onals through PIN diodes (NXP BAP64-03) [10]. These
rings are imprinted on a grounded dielectric substrate (FR-
4, εr = 4.4) of thickness 1.6 mm as shown in Fig. 2. The
PIN diodes offer a series inductance (Ls) and capacitance
(COFF ) when operated under reverse bias (or the ’OFF’
state) and a series inductance (Ls) and resistance (RON)
when operated under forward bias (or the ’ON’ state) [11].
The unit cell simulation is in CST Microwave Studio for
resonance at 2.58 GHz (Ls = 1.68 nH, COFF = 0.15 pF and
RON = 10 Ω), and the obtained S-parameters and absorption
coefficient (A = 1−|S11|2 −|S21|2) are shown in Fig. 3. It

Figure 2. Structure of the Metasurface unit cell



Figure 3. S-parameters and absorption coefficient of the unit cell
in Fig. 2

(a)

(b)
Figure 4. Metasurface design with SMA connector located at (a)
top-left corner and (b) center.

is observed that the unit cell acts as a perfect reflector in
the ON state and an absorber at 2.58 GHz, the resonance
frequency, in the OFF state.

The metasurface is then constructed with a 4× 4 array of
unit cells in a periodic arrangement as shown in Fig. 4a. To
bias the PIN diodes, two vertical metallic patches are im-
printed where the bias line on the left is connected to its
p-side via the circular rings, and the bias line on the right
is connected to its n-side via the square rings. Isolating in-
ductors of 15 nH (LQG15HZ15NH02D, Murata Electron-
ics [12]) are introduced between the unit cells to prevent
RF signal flow from the unit cell to the DC bias source.
To harness power from the incident wave on the metasur-
face, an SMA connector of characteristic impedance (Z0)
of 50 Ω is placed on the metasurface and studied under
two different locations: (a) at the top-left corner and (b)
at the center. The developed prototype of the metasurface
is shown in Fig. 9. For the corner-feed case, a 50 Ω SMA

Figure 5. Simulation setup in CST MW Studio for calculation of
S-parameters in ON and OFF states

Figure 6. Surface current distribution on the metasurface for nor-
mal incidence from Vivaldi antenna in (a) ON state (b) OFF state.

is soldered onto the top-left corner of the square metallic
ring, and for the center-feed case, the SMA is affixed to the
central square metallic ring, ensuring conformity with the
simulated conditions.

3 Results and Discussion
The WPT simulation setup is shown in Fig. 5, where a
wideband Vivaldi antenna is placed normally at a distance
of 1 m to the metasurface [13]. The power harnessing ca-
pability of the metasurface is assessed via simulation and
measurement of the S-parameter for both feed locations on
the metasurface. For measurements, the bias state of the
metasurface is controlled using a DC power supply. In
this context, the ON state aligns with a 1 V forward bias,
while the OFF state corresponds to a 0 V reverse bias. The
S-parameter measurements are obtained through a Vector
Network Analyzer (VNA), where port-1 is connected to the
Vivaldi Antenna, and port-2 to the SMA connector situated
on the rear side of the metasurface. This experimental setup
is shown in Fig. 9.

In the ON state, the metasurface functions as a reflector,
deflecting a significant portion of incident electromagnetic
waves away from its surface. This behavior results in a di-
minished surface current, leading to a lower S21 value com-
pared to the OFF state. On the contrary, when the metasur-
face is in the OFF state, it works as an absorber where the
incoming electromagnetic waves are absorbed, generating
a notable surface current. This heightened surface current
manifests in an elevated S21 value. The surface current dis-
tribution for the metasurface is shown in Fig. 6 with a higher
current density in the OFF state compared to the ON state
and the obtained simulated and measured S21 response for
both ON and OFF states are shown in Fig. 7a and Fig. 8a



(a) (b) (c)
Figure 7. Simulated and measured S-parameters of the metasurface for corner located SMA connector: (a) |S21|, (b) |S11| and (c) |S22|.

(a) (b) (c)
Figure 8. Simulated and measured S-parameters of the metasurface for centrally located SMA connector: (a) |S21|, (b) |S11| and (c) |S22|.

for corner and center feed locations respectively. Essen-
tially, the metasurface’s reflective and absorptive character-
istics can be adjusted based on its bias state i.e., ON/OFF,
influencing the S21 response.

In Fig.7b and Fig.8b it can be observed that there is no con-
siderable change in S11 in ON and OFF states. This is be-
cause there is no change in the surface impedance of the
Vivaldi Antenna in these states. In contrast to this, in Fig.

Figure 9. Measurement setup for calculation of S-parameters in
ON and OFF states

7c, there is a minor change in the S22 in ON and OFF states
in edge-fed case. This is because in edge-fed case there
is a negligible change in the surface impedance caused by
surface current. As we have seen that surface current distri-
bution is more at the center compared to the edges in sim-
ulation result shown in Fig.6, which is reflected in the con-
siderable change in the S22 for the center-fed case as shown
in Fig. 8c.

3.1 Conclusion
This paper investigates the exploration of harnessing wire-
less power transfer and energy harvesting capabilities from
a reconfigurable metasurface absorber. Specifically, a tun-
able metasurface absorber is crafted to operate at frequency
2.58 GHz. The absorbed incident waves on the metasur-
face are strategically utilized for wireless power transfer
applications, marking a novel approach to energy harvest-
ing. Moreover, the investigation extends to examining the
influence of the feed location’s positioning on the metasur-
face, introducing a subtle consideration in optimizing per-
formance. The obtained measurement results exhibit a good
correlation with the simulation results. This effort indicates
a major step towards the practical implementation of meta-
surface absorbers in the domain of wireless power transfer
and energy harvesting apart from their other benefits such
as EM Shielding, RCS reduction, and On-Air frequency
Mixing.
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