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A NEW GENERATION OF ANTENNA STRUCTURES BASED ON
NOVEL COMPOSITE MATERIALS

Abstract

Antenna miniaturization is always desirable as the communication apparatus becomes
more and sophisticated and the physical space becomes an expensive commodity. It is
possible to reduce the size of the antenna by altering its shape and the properties of the
material it is made of. In this study, we load a slot ring radiator with a finite dielectric
lens, which increases the propagation constant around the antenna as well as over its
aperture and therefore relaxes the size requirement. The amount of miniaturization
depends both on the electromagnetic properties as well as the volume of the lens. The
regular practice is to choose a pure dielectric and employ a high permittivity. However,
controlling the loss becomes a major issue at high dielectric constants. Or one may
choose to use a larger or thicker lens together with a lower permittivity. We chose to
study a lens with electrical as well as magnetic properties (relative permeability is larger
than unity), because the effective propagation constant is proportional to the product of
the effective permittivity and permeability (J—ﬁ |€,), the use of magnetic materials will

relax the requirement on high values of permittivity for a small size of the lens antenna.

Numerical Simulationss,

The antenna analyzed is shown in Figure 1(a). A slot ring radiator is printed on an infinite
ground plane and is loaded with a finite thick dielectric lens. The outer diameter of the
ring is 3cm and the slot is 0.2cm wide. The lens is 1.5cm thick with a 6cm diameter, and
its permittivity and permeability are allowed to vary.

The finite element method (FEM) has been used for the computation of the near field for
an ideal current source excitation extended across the slot as shown in Figure 1(b). A
finite volume around the ring+lens combination is designated as the solution space,
which is discretized using finite volumes, each with linear dimensions on the order of
A/20. First the 2-D mesh is created using triangles and quadrilaterals across the ring and
the lens surface. Volume mesh is created by repeating the same surface mesh over
successive vertical layers, each of which is again approximately A/20. The resulting
volume elements are right prisms with triangular and quadrilateral cross-sections. The
solution space is terminated using a metal-backed absorber (a lossy dielectric layer).
Average problem size was 33,000 unknowns, consuming S6MB of memory and requiring
30-100 minutes of CPU time for one frequency point.




Miniaturization study
1. Through permittivity and permeability

The simulation showed that for most of the values of the € - p pair, there were two
resonances. The primary and secondary resonances are shown in Figure 3(a) as a function
of € and p values in blue and red color, respectively. Note that the second resonance data
are missing for the cases when the resonance did not exist or was not visible enough to
characterize it as such. Also given is the theoretical value for the resonance frequency of
an infinite lens (black), which has the same permittivity and permeability as the finite
lens under examination. This value is based on the effective quantities (see Figure 3b)
and is given by

fai
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where f,;; = 3.8065GHz, the resonance frequency of the ring in the absence of a lens. The
secondary resonances become more visible as the refractive index of the lens increases.
This leads us to believe that the secondary resonances are most probably caused by the
standing waves inside the lens, i.e., due to the finite size of the lens.

Figure 4 shows the variation of the fractional bandwidth in the e~ plane for both the
primary and the secondary resonances. Note that the bandwidth data are again not
provided for cases, where the resonance did not exist, or the resonance did not resemble a
parallel RLC circuit behavior (i.e., imaginary part vanishes right after real part peaks) or
the bandwidth was too small to quantify.

2. Through lens size increase

As the dielectric constant of the material increase so do the losses and it is an expensive
process to control losses. Fortunately, when the highest permittivity or the permeability
one can manufacture is limited, the rest of the miniaturization can be made up for by
using a thicker or larger lens. Table 1 shows three different sizes of lens and the resulting
resonance frequencies as the permittivity and permeability are changed but kept equal.
The fist column is the same antenna as the one analyzed above, i.e., it shows the data
along the diagonal of the 2-D plot in Figure 3(a). The other two columns are for larger
lens size and slot width.




Ideal current

excitation
Dielectric
Ground v lens
plane

Figure 1: Geometry of the slot-ring radiator loaded with a finite magnetic dielectric lens.
h=1.5¢cm, L = 6cm, D=3cm, dr=0.2cm.
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Figure 2: Finite element modeling of the ring+lens combination. Surface mesh composed
of triangles and quadrilaterals and the metal-backed absorber layer (lossy dielectric) used
to terminate the solution space are shown.
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Figure 3: (a) Variation of the primary (blue) and secondary (red) resonances in the
p—€ permeability-permittivity)plane including the theoretical value for infinite lens
(black), (b) explanation of the &and 4
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Figure 4: Variation of the fractional bandwidth for the primary (blue) and secondary (red)
resonances in the [1~€ (permeability-permittivity) plane.

E=| fo (MHz) eE=p fo (MHz) eE=| fo (MHz)
1 3807 1 1
5 1672 5 5
10 957 10 10
15 700 16 260 15 210
25 25 180 25
50 50 140 50
L=6cm L=18cm D=18cm
h=1.5cm h=225cm h=35cm
D=3cm D=9cm D =9cm
dr=0.2cm dr=0.6cm dr=0.6cm

Table 1: Resonance frequencies for different pu = € values for three different lens sizes.




