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Metamaterial Antenna

6. These plots offer far-field radiation patterns: (a) for the 3D gain pattern at 1.8 GHz, (b) the
3D gain pattern at 4.2 GHz, (c) the XOY and XOZ planes at 1.8 GHz, and (d) the XOY and XOZ

planes at 4.2 GHz.

Xy and X are the reactances of the
inductor and capacitor, respectively,
shown in Fig. 2(b). Detailed calculations
of these two parameters can be found in
ref. 15. The gap between the two adjacent
small patches of the RIS structure mainly
changes the capacitance value, while the
dielectric permittivity and the substrate
thickness mainly impact the inductor
value. This combines for the resonant
frequency of the RIS. The phase of the
reflection coefficient of the plane wave
was simulated and plotted in Fig. 2(c).

The imaginary part of the surface
impedance of the RIS structure was also
simulated, as shown in Fig. 2(d). As can
be seen, the resonant frequency is located
at 7.4 GHz. The RIS unit cell is induc-
tive below the resonant frequency and
capacitive above the resonant frequency.
This is meaningful for the expansion of
the operating frequency range of a patch
antenna employing the RIS structure.

Since a patch antenna is capacitive
below its resonant frequency, i, by
setting the resonant frequency of the
RIS structure, fgys, higher than fych,
the magnetic energy stored in the RIS
structure compensates for the electri-
cal energy stored in the near field of the
patch antenna. This results in additional
resonances at lower frequencies and a
compact antenna size.

It should be pointed out that since
the waves radiated by the patch are not

plane waves and the number of RIS unit
cells is finite, this analysis is just an approx-
imation to provide physical insights into
the mechanism of the RIS employed in
the antenna.

Figure 3 shows the antenna’s reflection
coefficient. The operating bandwidth
where the reflection coefficient is less
than —10 dB ranges from 1.70 to 5.26
GHz. The reflection coefficient of this
proposed antenna was compared with
the reflection coefficient of the original
antenna having the same dimensions as
this proposed antenna, except that the
patch and ground are intact. For the orig-
inal patch antenna, Fig. 3 shows that there
is a resonance at 6.01 GHz.

Meanwhile, Fig. 2(c) shows that the
resonant frequency of the RIS structure
for the proposed antenna is located at 7.4
GHz. The inductive energy stored in the
RIS below 7.4 GHz collaborates with the
capacitive energy of the patch, forming
the expanded operating band below 7.4
GHz. The relative bandwidth of the pro-
posed antenna is approximately 100%,
which is significantly wider than the orig-
inal patch antenna. This demonstrates
that the RIS structure can impact antenna
resonance and extend its bandwidth.

Figure 4 shows the impedance charac-
teristics of the antenna. There are several
resonant frequencies where the imagi-
nary part of the impedance crosses zero.
The inductive energy stored in the RIS
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compensates for the capacitive energy of the patch antenna,
thus forming several additional resonances below the resonance
frequency of the original patch antenna.

This also has the effect of maintaining the real part of the
impedance close to 50 Q) at these resonant frequencies, as the
real part of the impedance of Fig. 4 shows. By introducing these
resonant frequencies, the operating bands of the metamaterial
antenna have been extended beyond its earlier version.

Figure 5 provides simulations of the near-field distribution
of the antenna. It shows the electric fields on the patch and the
ground at an arbitrary frequency (3 GHz). Figure 5(a) shows the
electric field on the patch while Fig. 5(b) shows the electric field
on the ground.

Figure 5(a) shows that the feed energy to the antenna is effec-
tively coupled to the patch through the microstrip line and then
radiated by the edges of the patch. Figure 5(b) shows that the RIS
structure formed by the patch and etched ground also plays a
key factor in the antenna’s near-field radiation, since the electric
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fields are distributed regularly along the edges of the strip gaps
etched on the ground. This helps to form multiple radiation
routes for the antenna, enhancing its radiation strength.

The far-field radiation property of the antenna was measured
in terms of its radiation patterns and shown in Fig. 6. Two fre-
quencies, 1.8 and 4.2 GHz, were arbitrarily chosen to verify the
radiation performance of the antenna. The three-dimensional
gain patterns are shown in Fig. 6(a) and (b) in the dB scale. The
patterns of the XOY and XOZ planes at 1.8 and 4.2 GHz are also
plotted in Figs. 6(c) and 6(d).

As shown in Fig. 5, the RIS employed on the antenna affects
the near-field distribution on the ground, thus making the radi-
ation patterns of the antenna different from those of an ordinary
patch antenna. At 1.8 GHz, the metamaterial-based antenna
tends to radiate in the direction perpendicular to the axis of the
feeding microstrip of the antenna.

The radiation pattern at 4.2 GHz also has three main lobes in
the XOY plane and one mainlobe in the XOZ plane. The position
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oftheantenna could beadjusted so that the
antenna is feasible for radiating or receiv-
ing signals in the desired direction.

Figure 7 offers the radiation gain and
total efficiency of the antenna, at fre-
quencies from 1.8 to 5.0 GHz. As can be
seen, the peak gain is 7.24 dB at 4.0 GHz.
The gain remains above 1.06 dB from 1.8
to 5.0 GHz. The near-field radiation from
the patch, as well as that from the etched
ground, help enhance the radiation gain
(Fig. 5). The radiation gain is in the range
of 1.06 dB (at 1.8 GHz) to a maximum
value of 7.24 dB (at 4.0 GHz).

From Fig. 7, it can be seen that the total
efficiency is in the range of 54.8% (1.8
GHz) to 88.7% (4.0 GHz). This shows
that the antenna can achieve efficient
radiation over a wide frequency range,
using a relatively simple structure in a
physically compact size. il
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