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Abstract—In this paper, it is demonstrated that scattering field
strength of reflectarray elements can be enhanced by introducing
a dielectric superstrate. Rigorous expressions of far field radiated
from current source covered by the dielectric superstrate are
derived and well-known resonance conditions are revisited for
the reflectarray elements. Numerical simulation is performed and
effect of dielectric superstrate on the scattering field strength of
the reflectarray elements is demonstrated.

Index Terms—Dielectric slab, Reflectarray, Resonance condi-
tions

[. INTRODUCTION

A reflectarray is well-known as one of the powerful devices
for future wireless technologies [1]-[3]. The reflectarray is
composed of a number of scatterers called as reflectarray
elements. The reflectarray elements are tuned so that their
scattering fields are in-phase at a specific direction. Resul-
tant beam forming capability makes the reflectarray to be
promising alternatives of array antennas, that are composed
of expensive microwave components such as phase shifters,
amplifiers [4]- [8].

In previous works, numerous reflectarrays have been de-
veloped. Wideband reflectarrays have been developed using
multi-layer structures or additive manufacturing technologies
[9]-[11]. Electronically and mechanically reconfigurable re-
flectarrays have been developed so far [12]-[14].

On the other hand, a dielectric superstrate has been used for
enhancing radiation performance of antennas so far. Starting
from the original works by Sugio et al., Jackson has presented
so-called resonance conditions of the dielectric superstrate
for enhancing radiation field strength of the antennas [15]-
[22]. Recently, their works have been extended for scattering
performance of the scatterers [23].

In this paper, [23] is reviewed and effect of the superstrate
on scattering performance of the reflectarray elements is
presented. Starting from two-dimensional radiation problems
of a current source over a ground plane covered by a dielectric
superstrate, rigorous expressions of far-field and so-called
resonance conditions are demonstrated. Finally, numerical sim-
ulation is performed and it is demonstrated that the scattering
field is maximum under the resonance conditions.
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Fig. 1. Current source backed by ground plane covered by dielectric
superstrate,

II. THEORY

Fig. 1 is a current source over a ground plane covered by
a dielectric superstrate. Once the current is assumed to be
infinitely long along y-direction, expressions of electric field
of the current are obtained as follows [12]-[14], [23].

—jwpoJ e—j(kop—ﬂ/4)E6fl\'I (#,a)

E;™M(0,h,t e a) = 2 5
POt = G ey O
E;M(6,a) = sin(kga cos ) cos 6. 2)

FT™(0,h,t,e,) = cos(kot€)e? o <058 | gin(kot)

X{L cos(koh cos @) +

j€r cOS

£pcost

sin(kphcos @)}, (3)

£ =1/e, —sin?4. (4)

According to (2) and (4), so-called resonance conditions, i.e.
thickness and height of the superstrate for maximizing the
electric field strength at a specific direction, are obtained as
follows.
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Normalized electric field strength under the resonance condi-
tions is as follows.
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Fig. 2. Scattering field strength of the reflectarray element at normal direction
(#; is angle of plane wave incidence. ).

Eqgs. (5)-(7) indicates that the electric field strength toward
normal direction (i.e. # = 0) is /2, times larger than that
without the superstrate when the current is covered by the
dielectric superstrate under the resonance conditions (i.e. t =
t(1,0) = I&%‘ and b = h(y o) = %‘i). For scattering problem, it
should be notified that the effect of the superstrate is doubled
because of reciprocity and the electric field strength toward
the normal direction is £, times larger than that without the
superstrate.

III. NUMERICAL RESULTS

Fig. 2 shows scattering field strength of the reflectarray
element modeled as a current over the ground plane covered
by the dielectric superstrate. As the thickness ¢ approaches to
t=tan = ok = 2e it is easily found that the electric
field strength approaches the maximum. Here, £, = 4 and the
maximum electric field strength is 6 dB as expected from (7)
and reciprocity.

IV. CONCLUSIONS

In this paper, effect of the dielectric superstrate on the
scattering performance of the reflectarray element was demon-
strated. Quantitative relationship between geometries of the
superstrate and scattering field strength have been described
and validated numerically.
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