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Short Abstract

In this paper, a class of low-cost, and single-layer reflectarray antenna is proposed for X-band in which an array of cross bow-tie patches is printed on
an inhomogeneous substrate. Such an inhomogeneous substrate is made up periodic air-holes drilled within FR4 dielectric. In analyzing the unit cell of
such a structure, two different parameters of cross bow-tie patch (length and angle) are varied and a phase range close to 700° is obtained that is a good
choice for designing a broadband reflectarray. In the design procedure, an efficient phase synthesis technique is applied to minimize the adverse effects
of frequency dispersion causing by the differential space phase delay at different frequencies. This technique optimizes the metallization arrangement,
and helps to design a reflectarray with a good frequency response. To validate the obtained numerical results, a 270x270x2.4mm? reflectarray with
focal length 26.9cm is fabricated and measured. Measurements show a peak gain 28.1dB with a 1.5-dB gain bandwidth of 34% and maximum efficiency
57.5%. It is experimentally shown that the gain and bandwidth of the reflectarray with inhomogeneous dielectric is better than homogeneous one.
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1-  Short Introduction

The main drawback of the microstrip reflectarray is its narrow bandwidth. For solving this problem, the various unit cells have been reported in the
literature. The most of the reported unit cells are multilayer and complex ones. These shortcomings have motivated us to design a new single-layer
structure with low-complexity and low-cost properties. Besides, the reflectarray's advantages of high-gain, low Side Lobe Level (SLL), and wide
operating bandwidth should be maintained. Therefore, a flexible unit cell composed of a class of bow-tie patch on a low-cost dielectric (FR4) is proposed
to design a reflectarray in X-band. Drilling air rods within the host medium leads to obtaining an inhomogeneous substrate and low-loss one. In addition,
an optimum arrangement of cross bow-tie elements using a phase synthesis approach leads to implementation a low-cost, broadband and high-gain
reflectarray antenna. The maximum gain of such a single-layer structure is 28.1dBi which is more than the gain value of one with homogeneous FR4
substrate (=26.9dB) and its 1.5dB gain bandwidth is 34% which is more than one of reflectarray without air rods (=22%).

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)
A new unit cell including a class of cross bow-tie patch on an inhomogeneous substrate is proposed. Using a phase synthesis procedure in the design
step, an optimized element arrangement on reflectarray aperture is obtained. Designed structure is a broadband, high-gain, and low SLL reflectarray.

3-  Conclusion

A metal cross bow-tie array on a low-cost inhomogeneous substrate is utilized to implement a broadband, low-cost, and high efficient reflectarray. The
unit cell has more than one parameter to extract its phase diagram and such a flexibility helps us to select optimum element distribution. It is
demonstrated that the inhomogeneity of substrate leads to increasing the phase range of the unit cell and decreasing its loss in comparison with
homogeneous one. In the design step, a phase synthesis approach is applied to implement a reflectarray with 27x27 elements in X-band. Measured
results show a maximum gain 28.1dBi, and efficiency 57.5% at 10.5GHz, 1.5dB gain-bandwidth of 34% (8.7~12.3GHz), and |SLL|<-18dB.
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