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Abstract—A innovative and simple impedance matching
network is presented that is implemented by stacking
together metasurface (MTS) sheets. The technique is shown
to reduce the mismatch between free-space and RF front-
end antenna of a receiver. The MTS based impedance
matching network is modeled as a transmission-line loaded
with shunt and series capacitances and inductances,
respectively. The proposed MTS impedance matching
network can be employed to effectively interface the free-
space to the antenna of an RF receiver and thereby optimize
power absorption. Each MTS impedance matching sheet
comprises two-dimensional periodic array of subwavelength
microstrip resonator unit-cells that are spaced at a
wavelength that is smaller than the frequency of operation.
The unit-cells are square shaped patches and embedded with
cross-shaped slots that are grounded through a via-hole. The
MTS impedance matching network was fabricated using
FR-4 substrate. 3D full-wave EM tool by Ansys HFSS™ was
used to verify its effectiveness. The proposed MTS
impedance matching sheet is relatively easy to implement in
practice.

Index Terms— Antenna impedance matching network,
metasurface (MTS), RF front-end transceivers, 2-D array,
microstrip resonators.

1. INTRODUCTION

Antenna is an essential component in a wireless
communication system as it enables transmission or
reception of RF signals in free-space [1-4]. The antenna
should be impedance matched to the RF front-end of
wireless systems as well as the free-space so that it
operates optimally over its prescript frequency range in
terms of radiation gain and efficiency [5]. Optimum
efficiency will dictate the range of transmission, minimize
energy consumption, reduce unwanted heating effects,

and provide reliable data throughput [6]. The RF circuitry
transfers the signal power via the 50Q transmission-line
to the antenna for transmission in free-space with
impedance of 377 Q, as illustrated in Fig.1.
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Fig.1. Antenna as an impedance transformer.

Matching the antenna’s input impedance to 50 ohms is
a requirement to ensure optimal power is transferred from
the RF circuitry to the antenna with negligible reflection
[7,8] as defined by the reflection-coefficient [9]:
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Impedance matching involves designing a network that
transforms the input impedance of antenna (Zgntenna) to
the impedance of the RF front-end (Zgp circuir) that is
typically 50 ohms. A perfect match is achieved when
Z antenna = ZRrF circuic- Under this condition, according to
Equ.(1), I' = 0. If the impedance of the antenna and its
feedline do not match, thus the impedance of the source is



complex, which is dependent of the length of the line. The
length of the feedline needs to be considered in the design
as transforms the impedance of the antenna. Similarly, it’s
vital to match the antenna to free-space to optimize power
transfer.

Proposed in the paper is a novel impedance matching
technique to suppress the mismatch between the antenna
of an RF receiver with free-space. This is achieved by
stacking metasurface (MTS) sheets in front of the
antenna. MTS is the 2-D equivalent of a metamaterial
[10-13]. Implemented on the sheets are 2D array of the
square patches with subwavelength periodicity. The MTS
here was fabricated on the 0.6 mm FR-4 layer with
&-=4.3, and tan§=0.025. The MTS properties created by
etching cross-shaped slots on the patches that are
connecting to the ground-plane with via-holes.

II. ANTENNA IMPEDANCE MATCHING NETWORK BASED
ON STACKING METASURFACE SHEETS

In RF networks any mismatch in impedance leads
power to be reflected from the impedance mismatch
boundary to the RF source. This reflection generates
undesired standing wave patterns that cause power
storage instead of power transfer to the load. This results
in diminished power flow to the load from the input or
other segments of the RF system. The standing wave may
cause other detrimental effects such as overheating the RF
circuitry due to enhanced power level maxima along the
transmission media. Benefits of proper impedance
matching are reduction in amplitude and phase error,
reduction in power loss and improvement in the signal to
noise ratio.

The design of impedance matching networks is
challenging, and in antennas the degree of matching will
determine their performances such as return-loss,
impedance bandwidth, radiation gain and efficiency.
Typical antenna impedance consists of resistive and
reactive components, hence the matching circuit required
needs to be complex conjugate of this impedance for
realizing optimum matching conditions.

EM-waves can be manipulated by metasurfaces which
are artificially engineered two-dimensional
subwavelength structures arranged in a periodic array.
Unlike frequency selective surfaces (FSS) the spacing or
periodicity of the resonators in metasurfaces is small
compared to the wavelength at the frequency of interest
[14-17]. EM-waves incident on the metasurface induce
electric and magnetic dipole moments, which are related
to the effective permittivity and permeability of the
composite medium. When the individual structures are
resonant, the overall metasurface structure exhibits
negative values for both, relative permittivity and
permeability. This happens because the phase response of
the resonance reverses.

The basic MTS sheet shown in Fig.2(a) consists a 2-D
periodic array of square microstrip patches or unit-cells
implemented on FR-4 dielectric substrate. Shown in
Fig.2(b) is the MTS sheet with cross-shaped slots
embedded in each metallic patch that is linked to the
ground-plane through a via-hole. The capacitance of
patches coupled with the inductance of the vias create an
LC resonant structure with the resonant frequency much
smaller than the wavelength at the operating frequency.
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Fig.2. Metasurface sheet constructed from a 2-D periodic array of the
square microstrip unit-cells, (a) basic structure without slot-line and via
inclusions, and (b) with slot-line and via inclusions.

The top-layer patches are made with standard PCB
manufacturing technology. The length of the slots etched
are in the order of 0.026 of the wavelength of operation.
The gap between the patches is also in the order of 0.026
of the wavelength of operation. The symmetric design
offers polarization insensitivity property. This structure
prevents unwanted currents to flows on the MTS surface
therefore suppressing undesired mutual coupling which
can adversely affect its characteristics [10]. It can be
shown that when the array is exposed to EM-waves the



magnitudes of the effective electric and magnetic
polarizations are identical [18]. This means that the MTS
sheets absorbs the EM-waves without generating any
backward wave, i.e., reflection.

Structural parameters of the proposed MTS sheet are
listed in Table I. The proposed MTS sheet is easy to
fabricate for operation at microwave frequencies however
requires high precision laser cutting at millimeter-wave
frequencies. The MTS sheet can be used for impedance
matching of antennas of the RF front-end of wireless
systems to free-space medium.

TABLE I. STRUCTURAL PARAMETERS (Units in millimeter).

Length / Width of the substrate 40/40
Substrate thickness 0.8
Length / Width of the patches 5/5
Length / Width of the slots 2/0.5
Gap between the patches 2
Height / Diameter of the via 0.8/0.35

The proposed MTS sheet is used as an impedance
matching shield which is unlike traditional transmission-
line or lumped element matching networks [19-22]. By
stacking together MTS sheets, as illustrated in Fig.3, the
incident of EM-waves induces electric and magnetic
polarizations in each sheet that strongly absorb the waves
without any unwanted reflection [23]. The MTS unit-cells
can be modeled using transmission-line theory in terms of
series and shunt LC components, as in Fig.3(c). It can be
shown that the MTS exhibits left-handed properties [24].
Magnitude of the LC parameters, which were obtained
from Ansys HFSS™ full-wave EM simulation, are given
in Table II.

TABLE II. EXTRACTED CIRCUIT PARAMETERS FOR EACH
METASURFACE SHEET.

C Ly Cr Lg
1.85 pF 2.10 nH 0.85 pF' 1.25 nH

The simulated performance parameters of the 2-D
periodic array of stacked non-MTS and the MTS sheets
are shown in Fig.4. The results show the significantly
improved performance of the stacked MTS sheets in
terms of return-loss, impedance bandwidth, radiation
gain, and radiation efficiency. The average improvement
in return-loss is -10 dB, gain is 2 dBi, and efficiency is
20% across the frequency range of 3.0 - 5.0 GHz. These
results verify the feasibility of the proposed MTS for
impedance matching an antenna with an RF front-end of
wireless systems.
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Fig.3. (a) Stack of seven non-MTS sheets, (b) MTS impedance matching
sheets, and (c) Equivalent circuit model of unit-cells.
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Fig.4. Simulated performance parameters of the 2-D periodic array of
stacked non-metasurface sheets and metasurface sheets, (a), return-loss
response, (b) radiation gain, and (c) radiation efficiency.

III. CONCLUSIONS

Stack of MTS sheets are shown to effectively
transform the impedance of free-space to match with the
impedance of RF receiver. The MTS sheet is
implemented with a periodic arrangement of square
microstrip patches in which are etched cross-shaped slots
that is linked to the ground-plane through a via-hole. The
gap between the patches is subwavelength at the desired
operating wavelength. The capacitance created by the
patches combined with the inductance of the vias create
an LC resonant structure with the resonant frequency
much smaller than the wavelength at the operating
frequency. As a result, the proposed structure is shown to
absorb any incident RF-energy with no reflection. The
proposed impedance matching technique is shown to
significantly enhance the antenna’s radiation gain and
efficiency characteristics.
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