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Abstract

The combination of a dipole and a tunable varactor forms a phase shifter with one tunable component that provides a phase
shift over a wide range, from 00 to nearly 3600. The dipole, loaded with a tunable varactor, is used as a patch component of a
low-profile reflectarray antenna. An economic assessment shows that the production price of the suggested phase shifter with
one tunable component is more than 10 times smaller than the price of the traditional phase shifter, based on p-i-n diode
components. The design of such a phase shifter is the goal of this paper. Simulations of the phase shift and loss of the
reflected wave as a function of control voltage applied to the varactor were used, based on an analytical model verified by full-
wave analysis. The results of simulations are in agreement with measurements. The fast and correct simulation of the
reflection coefficient from the dipole loaded with the tunable varactor can be used for the design and optimization of a low-
profile steerable reflectarray antenna.
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1. Introduction

4. low-profile reflectarray antenna consists of rectangular
i~crostrip-patch radiators. The patch radiators form a set of

reflectors that convert a spherical wave radiated by a primary
radiator into a plane wave (Figure 1). The phase shifts of the waves
reflected by different radiators are specified to convert the spheri-
cal wave into the plane wave. In order to exclude large phase
incursions, the principle of the Fresnel mirror is used.

There is a lot of experience in designing low-profile reflectar-
ray antennas [ 1-6]. A tunable reflectarray can be formed by a set of
dipoles loaded with tunable varactors, which can be realized as
semiconductor or ferroelectric devices [7]. A dipole loaded with a
varactor is shown schematically in Figure 2. In Figure 3, one can
see a fragment of the reflectarray surface covered by the set of
dipoles loaded with tunable varactor diodes. A set of versions of
tunable antenna structures, based on RF MEMS switches, semi-
conductor, or ferroelectric-tunable components, has been described
[8-16].

A combination of a dipole and a tunable varactor forms a
phase shifter with one tunable component that provides a phase
shift over a wide range, from 01 to 360'. The design of such a
phase shifter is the goal of this paper. The characterization of any
type of phase shifter is given by the figure of merit (FM) of the
phase shifter. The numerical value of the figure of merit is deter-
mined by the commutation quality factor (CQF) of the tunable
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component (the varactor) [17]. The general relationship between
the figure of merit and the commutation quality factor was dis-
cussed earlier for the example of a phase shifter with a ferroelectric
tunable component [18]. Such a procedure for characterizing the
phase shifter will be used for the phase shifter with one tunable
component to which this paper is dedicated.
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Figure 1. A schematic of the low-profile reflectarray antenna
consisting of rectangular microstrip-patch radiators.
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