Microstrip Antennas Array with patch superconductor
at High Temperature

Hugo Michel Camara de Azevedo Maia, Humberto
César Chaves Fernandes, Leonardo Martins Caetano
and Marinaldo Pinheiro de Sousa Neto
Department of Electrical Engineering
Federal University of Rio Grande do Norte,
59078-970 - Natal-RN, Brazil
humychel@yahoo.com.br , humbeccf@ct.ufrn.br ,
leoteleco@yahoo.com.br , sousanetol@gmail.com

Abstract — New results and the analysis of the resonance
frequency and pattern fields of microstrip antennas array, with
superconductor patch for different very high critical
temperatures, are presented. The linear superconducting
rectangular microstrip antennas array uses the new materials
SnsInBa,Ca,Cu,qOy at temperature of 212 K, conductivity of
1.88x10° S/m and TI sBasCa,Cuy00y at temperature of 233 K with
conductivity equal 2.0x10° S/m. The concise full wave Transverse
Transmission Line (TTL) method, is used in the analysis. New
results as functions of the temperature, and resonant frequency
as functions of the various antenna parameters, for different
superconductor are presented.

Keywords -Ttemperature; antenna; microstrip; superconductor;
patch; antenna array; linear.

. INTRODUCTION

H. R. Onnes, in 1908,discovered that basic metals had null
resistance, when the temperature was below of the critical
temperature, Tc. In 1933, W. H. Meissner and R. Ochsenfeld
reported that in type | superconductors, when they were caught
a cold below the critical temperature, the magnetic flow was
expelled of the interior of the superconductor [1] and [2]. This
phenomenon is known as the Meissner effect, and it is
illustrated in Figure 1.
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Figure 1. Behavior of superconductor in the presence of an magnetic field B,
the Meissner effect.
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A theory widely used for superconductor it is the BCS
theory, developed by Bardeen, Cooper and Schrieffer. The
macroscopic theory uses the two fluids model and the London
equations.

In this work are used microstrip antennas with news very
high superconductor patch. The structure is shown in Figure 2.

Rectangular
Dielectric
Substrate

Ground Plate

Z

Figure 2. Superconducting microstrip antenna with patch of width, w, and
length, I.

Considering the microstrip antenna resonator of Figure 2,
the equations that represent the electromagnetic fields in the x
and z directions as function of the electric and magnetic fields
in the y direction are obtained, applying the TTL method [4]-
[10].

Il. THEORY

Starting from the Maxwell’s equations, after various
algebraic manipulations, the general equations for the antenna
in the FTD - Fourier Transformed Domain are obtained, for
the x and z directions as [8]-[10]:
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where i = 1, 2 are the dielectric regions of structure,
v =a,?+B, -k, is the propagation constant in y direction,

o, IS spectral variable in x direction, By is spectral variable in z
direction, k.’ =w’ue=k,’c; is the wave number of the

dielectric region, and ¢* — _j-2i_is the relative dielectric
(17
permittivity of the complex material.

After the application of the boundary conditions, the
dyadic Z matrix is obtained, and adequate basis functions are
used to substitute the current densities. The electric fields are
zero in the patch.
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Zs is the superconductor impedance, o is the conductivity
and “t” is the thickness of the superconductor patch.

The Moment method is used to eliminate the electric
fields in (5), and to obtain the homogeneous matrix equation
(7) for the calculation of the complex resonant frequency.
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The determinant of this K matrix, witch is the inner product
of the Z matrix and the basis functions, provides the real and
imaginary resonant frequencies, which are numerically

calculated using computational programs developed in this by
the authors, in Fortran Power Station Language.

A. BCS Theory

The quantum theory of the superconductivity was launched
in 1957 by the work of Bardeen, Cooper and Schrieffer. This
theory include:

a) An attractive interaction between electrons can be
conduced to a ground state, separated from an excited states
by an energy gap, that separates the superconducting electrons
below of the gap of the normal electrons. The critical field, the
thermal and electromagnetic properties are many other
consequences of this energy gap.

b) The penetration depth A, appear as natural
consequences of the BCS theory [3]. The London equation is
obtained at the magnetic fields, that vary slowly in space.
Thus the Meissner effect is obtained naturally.

c) The BCS theory predicts the critical temperature of
an element or alloy. There is a paradox: the greater resistivity
at room temperature, is the likelihood that this metal is a
superconductor when cooled.

The London equations are used [7],
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I1l.  ANTENNA ARRAYS

The antenna array [4] consists of a finite number of
identical irradiants elements, which_combines the induced
signals in these antennas, to for %I‘?@ array. The maximum
beam direction is controlled, adjusting the phase of the sign in
elements of different spaces. The phase induced in the several
adjustments in the elements, so that the sign obtain  maximum
directivity and gain.

The antenna array can be classified as linear and planar.
Figure 3 shows the linear array of microstrip antenna with four
elements. The linear array factor is,

n (3 ) (10)
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Where w =kd cos@+ f (11)

Figure 3. Linear antenna array with four superconducting patch.

IV. RESULTS

In this work the Transverse Transmission Line (TTL)
method was applied, using double Fourier Transform [10].

Computational algorithms were developed in Matlab and
Fortran PowerStation languages.



Fig.4 shows the frequency resonance as function of the
patch length for different critical temperatures. The parameters
are w = 25 mm, | = 30 mm, g,; = 10.233 (RT DUROID 6010),
g, = 1; and the (Snsin) Ba,Ca,Cu; Oy [8] at the
superconducting temperature of 212 K.
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Figure 4. Resonance frequency in GHz as functions of the patch length, at
critical temperature of 90 K, 160 K and 212 K.

Fig. 5 shows the frequency resonant in function to the patch
length for different critical temperature. The parameters are w
=25 mm, | = 30 mm, g; = 10.233, ¢, = 1; and the
TlsBa,Ca,Cu,00y [8] at the superconducting temperature of
233 K.
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Figure 5. Resonant frequency in GHz as functions of the patch length, at critic
temperature of 90 K, 160 K, 212 K and 233 K.
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The results in the Figure 6.a and 6.b shows the pattern
fields in E-Plane to a linear array with 4 elements with A/2 for
an angle of irradiation of 80° , resulting in a phase of B =
31,25°,

Finally the results in Figure 7.a and 7.b shows the pattern
fields in H-Plane for a linear array with 4 elements with A/2 for
an angle of irradiation of the 90°.

(b)
Figure 6. Irradiation Diagram for a linear array with superconductor patch at
Tc =233 Kand 0 =80° for plane-E (a) and plane-H (b).



Figure 7. Irradiation diagram for a linear array with superconductor patch at
Tc =233 Kand 0 =80° , for plane-E (a) and plane-H (b).

V. CONCLUSIONS

The main theories used to explain the phenomenon of
superconductivity has been presented at new superconductor
materials. The inclusion of superconducting patch was made
using the resistive complex boundary condition, and the of
two fluids model. Numerial results of the resonance
frequency, as functions of the antenna array parameters
including irradiation diagrams of the E-plane and H-plane, for
linear and planar antennas  arrangements,  were
presented.  The results is good and show that, when Tc
increase, the dimension of the antenna reduce. New very high
critical temperature material was been presented in this sew
application.
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