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Abstract

Introduction: In this article, a microstrip antenna with high directivity, which includes one and two metamaterial super-
layers, has been investigated. Metamaterial structures are alternating structures studied and researched by many researchers
in recent decades due to their distinctive features such as super fracture phenomenon and negative relative electric and
magnetic permeability. A patch antenna is used as a radiation source and Ansoft HFSS software is used for simulation. The
results show that the gain, directivity, and bandwidth of the antenna with the metamaterial super-layer have increased in the
frequency band (Ku) of 12-18 GHz. Compared with the conventional patch antenna with the same size of the radiation
windows but without the metamaterial super layer, the efficiency of the microstrip antenna is improved.

Method: Parametric examination of the antenna is one of the main parts of the antenna design because it determines some
characteristics of the antenna and optimal values. HFSS software is used to extract simulation results. In this section, the
return loss, gain, and directivity of the antenna with metamaterial super layers, with different design parameters, have been
studied.

Results: In short, in this article, a type of antenna with high gain and directivity using a metamaterial super-layer is
presented. The simulation results show that the refractive index of the metamaterial super-layer is close to zero in a wide
frequency band around 4 GHz, and the gain of the antenna has increased from 5.8 to 10.5 GHz in the Ku band. The maximum
gain at the frequency of 15.23 GHz is about 12.5 dB using two layers of metamaterials.

Discussion: From the return loss curve, it can be seen that the bandwidth (S11<10dB) with a metamaterial super-layer is in
the range of 13.5 to 18 GHz for a distance of Ld1=10.8 mm from the metamaterial super-layer of the microstrip antenna
patch, which is compared to the original strip antenna. Without the metamaterial super-layer, the bandwidth is increased to
about 2 GHz. It is clear from the curve that the impedance bandwidth of the antenna is not significantly improved compared
to the antenna with a super layer, except that the return loss has lower values than the previous structure. It is clear from the
curve that the gain of the antenna with the use of a metamaterial super layer is significantly increased compared to the antenna
without a super layer. The gain of the antenna with one metamaterial layer has increased by about 2 to 6 dB and for the
antenna with two metamaterial layers by about 4 to 8 dB compared to the antenna without the metamaterial super layer. It is
clear from the directionality pattern curve that with the presence of the metamaterial super layer the material of the antenna
has been improved and its half-power beam width has been reduced. From the results shown, it is clear that the first
metamaterial super layer has an effective role in improving the bandwidth, while the second super layer has a significant
effect on the gain and directivity of the antenna.

Keywords: Microstrip antenna, metamaterial super-layer, super-refraction phenomenon, directivity, gain.
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