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Abstract - The main objective of this work is to show how

the properties of a ferrimagnetic material change the
characteristics of & microstrip patch with several layers.
Particularly, it is investigated how the resonant frequency
and the radiation pattern are changed by varying the
ferrimagnetic layer thickness or the magnitude and/or
direction of the external applied magnetic field. The
analysis is carried on by using Hertz potentials and
Galerkin method.

1. INTRODUCTION

The development of microstrip structures using
ferrites has been considered by several authors [2]-[6].
The basic idea is to take advantage of tuning possibilities,
which are provided by varying the magnitude / directions
of the external magnetic field.

It was observed that, a special attention has been
dedicated to the study of microstrip antennas and
resonators on anisotropic dielectric [1] and ferrimagnetic
[2]-[4] substrates. The effect of dielectric and magnetic
anisotropies on the resonant frequency, quality factor,
bandwidth and radiation patterns of a single layer
microstrip patch were reported.

In this work, Hertz vector potentials, in the
spectral domain, and the moment method were used to
analyze the behavior of the resonant frequency for a
microstrip resonator on a two-layer substrate, where the
grounded one is ferrite and the other one is an isotropic
dielectric substrate.

Microstrip antennas / resonators are built by
considering a conducting patch which lies on a substrate
mounted on a ground plane. Several materials suitable for
microwave applications may show some kind of
anisotropy, either electric or magnetic. The microstrip
antennas structures obtained by using anisotropic substrate
have been studied since the 70’s and some advantages
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have been reported, specially when this patch is compared
to conventional antennas. Among these advantages are
low cost, small dimensions and light weight. Of course,
there are some disadvantages like the small bandwidth,
high losses and low power handling capabilities.

II. THEORY

Fig. 1 shows the structure considered in this
work. It is obtained by letting a conducting patch on a
two-layer substrate, which is mounted on a ground plane.
Furthermore, the ground layer (region 1) is ferrite and the
top one (region 2) is filled with an isotropic dielectric
material.

Fig. 1 : Geometry of a microstrip paich on a two-layer ferrimegnetic substrate.

The analysis is carried on by assuming that an
external magnetic field, H,, is applied along the y
direction in Fig. 1. For region 1, filled with a
ferrimagnetic material, the tensor permeability is then
given by
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In (1) to (3), y is the gyromagnetic ratio, 4nM; is
the magnetization saturation and f is the operation
frequency.

The electric, Il., and magnetic, ﬁh , Hertz
vector potentials are assumed to be in the same direction
as ﬁo, giving
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The expressions for the electric and magnetic

fields, as functions of II, and IT,, are obtained from
Maxwell’s equations as
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and should satisfy the wave equations given below
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In the Fourier domain [1], the wave equations are
obtained as
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and
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Fig. 2 : Resonant frequency versus patch length:
w=04cm h = 0.127 em, gq = 15.2, g = 2.35,
Ho= 5024 Oe, 4nM,=1200 G.
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For dielectric regions 2 ( isotropic ) and 3 ( air ),
the electric and magnetic fields are obtained from (4) to
(13) by imposing . = 1 ard k; = 0 and replacing &; by
g ( for region 2 Y or by g; = 1 ( forregion 3 ).

After some algebraic manipulations, the
transformed electric field components, E and Ez, at the
interface y = hy, ( Fig. 1 ), are expressed as functions of

~

the transformed surface current density components, Jy

and Tz, as
E =72 3 +Z,7, (14)
E,=Z.7.+2.7, (15)

Then, Galerkin method is used as described in
[7]. The basis functions used in this work are those given
by [7]. The determinantal equation which gives the patch
complex resonant frequency ( Frs = F; + jF; ) is obtaned.

To determine the radiation pattern, the far field is
expressed as function of the transformed electric field



components at v = h;; (Fig. 1), by using the phase
stationary method [ 8]. The far field expressions are [9]
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IIl. NUMERICAL RESULTS

The results obtained for the resonant frequency
and the radiation pattern are depicted in Fig. 2 to 5. In
Fig. 2, the patch resonant frequency is shown against its
length, for several values of h,. Notice that the shape of
the curves obtained for different values of h, is about the
same. This is an expected result because of the high value
of Hy = 5024 Oe. v = 2.855 MHz/Oe. A very good
agreement was observed for microstrip patches on a single
ferrimagnetic layer, when the results obtained in this work
are compared to those available in {2].

The radiation patterns are shown in Figs. 4 and
5, for the E and H planes, respectively. The shapes of
these curves are similar to those obtained for microstrip
patches on isotropic dielectric substrates. Once again this
is due to the high value of Hy, = 5024 QOe. y = 2.855
MHz/Oe.

Fig. 3 depicts the behavior of the resonant
frequency against the normalized external magnetic field,
H, / (4nM,). Note that, when H, / (41M,) increases, the
resonant frequency increases, suggesting tuning
possibilities, through the variation of the magnitude of
Ho.

A comparison between the results of this work,
for the particular case of a suspended microstrip patch on
isotropic substrate is shown in Fig. 6. The results of this
analysis were obtained by setting u. = 1 and k, = 0. A very
good agreement was observed with the results from {1],
for suspended microstrip patch antennas.

IV. CONCLUSION

The analysis of rectangular microstrip patches on
layers were studied, in order to investigate the effect
produced by the magnetic anisotropy of the grounded
layer. The analysis was developed in the Fourier domain,
by using Hertz potentials and moment method, showing
accuracy and efficiency. The theoretical analysis and the
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numerical results suggest that this analysis may be used to
investigate other parameters of the antenna and/or their
arrays.
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Fig. 4 : Radiation pattetn Eo(d = 7/2,8): w = 0.4 cm;
L=1.0 cm: hy =0.127; hy = h)/2; g1 = 15.2; g3 = 2.35;
Ho = 5024 Oe; 47M, = 1200 G; F; = 6.43+j0.0064 GH=.
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Fig. 5 : Radiation pattern, Es(d, 8 = n/2) : w = 0.4 om,
L=1.0cm h =0.127, hy = hy/2, g4 = 15.2, €2 =235,
Hy = 5024 Oe, 47M; = 1200 G, Fes = 6.43+j0.0064
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Fig.6: Resonant frequency versus patch length :

w=0.1cm, h; =0.1651 cm, h, = 0.0254 ¢m,

En=10,8,=96

----w=0.4cm, h; =0.127 mm, b, = 0.0, 5, = 9.6.
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