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The Effect of a High Temperature Superconducting
Patch on a Rectangular Microstrip Antenna

Fouad Chebbara*, Mounir Amir* and Tarek Fortaki*

Abstract — The complex resonant frequency problem of a superconductor patch is formulated in
terms of an integral equation which is the kernel of a dyadic Green’s function. To include the effect of
the superconductivity of the microstrip patch, the surface complex impedance of the superconductor
film is introduced using the two fluids model of Gorter and Casimir. The Galerkin procedure is used in
the resolution of the electric field integral equation. Numerical results concerning the effect of the op-
erating temperature of a superconductor patch on the characteristics of the antenna are presented.
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1. Introduction

In recent years, a great deal of interest has been ob-
served in the development and use of high temperature
superconducting materials (HTS) in microwave technol-
ogy, such as resonators, filters and antennas. This is due to
their low resistance and relatively high reactance. They
show superior performance and characteristics to a normal
conductor’s devices, such as lower power losses, reduced
attenuation and noise level and, moreover, the propagation
time of signals in the circuit can be greatly reduced [1]-
[2]-{3]-[4]-[5]-

The resonant characteristics of High T, superconduct-
ing microstrip antennas was first studied by Richard et al.
[4] wsing the cavity model. Since the cavity model does
not consider rigorously the effects of surface waves and
fringing fields at the edge of the patch [6], in this work,
the physical parameters of the antenna are replaced with
effective ones in order to line up the obtained theoretical
results with the measured data. Recently, Silva et al. [5]
has studied the resonant characteristics of High Tc super-
conducting microstrip antennas using full-wave analysis.
It is noted that in this work, the bandwidth for an HTS
microstrip patch antenna as function of the operating tem-
perature is incorrect.

This paper investigates the effect of thin superconduct-
ing patch loading on the resonant frequency and band-
width of a rectangular microstrip structure as illustrated in
Fig 1. The complex resonant frequency problem consid-
ered here is formulated in terms of an integral equation
using vector Fourier transforms [7]. The surface imped-
ance of the superconductor film is modeled using Gorter
and Casimir’s two fluid model [3]-[5]-[8]. This paper is
organized as follows. First, the integral equation for the
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unknown patch currents is formulated. The derivation is
performed in the Fourier transform domain and utilized
the dyadic Green’s function of the considered structure,
without taking into account the effect of superconductivity.
To include the superconductivity effect of the patch, a
surface complex impedance, Z; is considered. The
Galerkin moment method is used to solve the integral
equation. The characteristic equation for complex resonant
frequencies is given. Various numerical results are given
in section 3. Finally, conclusions are summarized in sec-
tion 4.

2. Analysis Method

Fig. 1 illustrates the problem to be solved. We have a
rectangular superconducting patch with dimensions (a, b)
and a thickness R, is printed on a dielectric substrate iso-
tropic of thickness d, is characterized by a free space per-
meability 4, and a permittivity & The ambient medium is
air with constitutive parameters yy and &. Assuming an
€' time variations and starting from Maxwell’s equations
in the Fourier transform domain, we can show that the
transverse fields inside the j layer (Z;; < Z < Z;) can be

written in terms of the longitudinal components £, and
H, as[9]-[10].
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e and h are, respectively, the transverse electric and mag-
netic fields in the (TM,TE) representation, and

Fk,) l[k" kyJ ®
ok k, —k,
with: k2 =k +k

Substituting the expressions of EZ and I:Iz [8]-[9]
into (1) and (2), we get
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In (4) and (5), A and B are two-component unknown
vectors and

Z(k,) = diag {%’;—J ©)

Writing (4) and (5) in the planes z = z;, andz =z,

and by eliminating the unknowns A and B, we obtain the
matrix form
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Which combines ¢ and h on both sides of the / layer
as input and output quantities. The matrix T ; 1s the ma-

trix representation of the jth layer in the (TM, TE) repre-
sentation,

The boundary conditions for the considered structure
presented in Fig.1 in the spectral domain
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Fig. 1. Geometrical structure of a superconducting rectan-
gular microstrip patch

The transformed components of the tangential electric
field are expressed as a function of the transformed cur-
rent density components on the patch, as

R
EJ’ G}’x ny Jy

To include the effect of the superconducting of the mi-
crostrip film, the dyadic Green’s function is modified by
considering a surface complex impedance Zs, and is de-
terminate by using the model of Gorter and Casimir [3]-

[51-[8].
z, = |2 (13)

If the thickness of the superconducting film R is less
than three penetration depths, a better boundary condition
is given by [3]

1
Z, =— 14
S Ro (14)
Where the complex conductivity is given by [3]-[5]

4 4
azan[f—cjnL 1—[72] (iom3)] (9

The electric field and the surface current densities total
in the interface z=d (E,,J;) are the electric fields and

the surface current densities in the film (E.,J} ) and out
of the film (]::? ,j?) respectively.

E, =EL +E2 (16)

I =1L +32 (17)

Using the complex resistive boundary condition, the
characteristic matrix is determinate

- G _ -
IR RGN [
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The Galerkin moment method is implemented in the
Fourier transform domain to reduce the integral equation
to a matrix equation. The surface current J on the patch is
expanded into a finite series of known basis functions J,,
and J,,,
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Where a, and b,, are the mode expansion coefficients
to be sought, substituting the vector Fourier transforms.
Next, the resulting equation is tested by the same set of
basic functions that was used in the expansion of the patch

current. Thus, the integral equation is discredited into the
following matrix equation

(Z;”)lev (Zlgm)NxM {(%)M]:F}
@), (7). [0l
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The existence of non trivial solution of (20) requires that
det(Z(f))=0 (21)
Equation (21) is the characteristic equation for the
complex resonant frequency of the generalized microstrip

structure illustrated in Fig. 1. Where Z is the matrix in
(20).

3. Numerical Results and Discussion

The patch dimension is ¢=1630um, 5»=935um and
thickness R=350nm, using HTS materials YBCO with a
critical temperature T¢ of 89 K, a zero-temperature pene-
tration depth of A;=140 nm and a normal state conductiv-
ity of o, =10°/m. The substrate used in this study was
lanthanum aluminate (LaAl0O3), which has a good lattice
match with YBCO [11]. LaAlO3 have a relatively high
dielectric constant for microwave and antenna applica-
tions, and the characteristics of the substrate often changes
with temperature, this variation in the dielectric constant
of LaAlO3 causes uncertainty and variation in the reso-
nant frequency of microstrip antennas. The permittivity of
LaAlO; as a function of temperature is shown in Fig. 2,
which it’s given by Richard et al. [4].

Fig. 3 shows the calculated resonant frequency of an
HTS antenna. The resonant frequency of HTS antennas
rapidly increased below the critical temperature and
showed 28.87 GHz at 80 K. After this temperature the
increase of the resonant frequency was slow and stable at
28.95 GHz. Excellent agreements between our results and
those measured by Richard et al. [4] are observed.
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Fig. 2. Permittivity of lanthanum aluminate (LaAlO3)
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Fig. 3. Resonant frequency for a microstrip supercon-
ducting patch antenna as a function of the operat-
ing temperature, T

We show in Fig. 4 the imaginary part of resonant fre-
quency versus the operating temperature T. It is seen that
the imaginary part is 0.60 GHz at around 89 K. It de-
creases as the temperature is reduced under the Tc, and
showed 0.20 GHz at around 87 K. After this point, the
variation in the imaginary part could not be observed until
0 K.

Fig. 5 shows the bandwidth of an HTS antenna. The
bandwidth curves for HTS antennas were similar in their
dependence on temperature to the imaginary part of reso-
nant frequency curves. The bandwidth of HTS antennas
rapidly decreased below the critical temperature from
4.26% to 1.39% at 87 K. After this temperature, the de-
crease in bandwidth was slow and stable at 1.40%. The
same behavior was observed experimentally by Richard et
al. As a result, we can say that Silva result’s are wrong.
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From the above observations, it should be noted that
the properties of the HTS antenna was stable at tempera-
tures slightly lower than the critical temperature.
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4. Conclusion

A rigorous full-wave analysis of a rectangular micro-
strip patch using superconducting materials has been pre-
sented. The problem has been formulated in terms of inte-
gral equations using vector Fourier transforms. An effi-

cient technique has been used for determining the dyadic
Green’s functions. Galerkin’s method has been used to
solve the surface current density on the rectangular patch.
The calculated results have been compared with those
previously measured and available in various literature,
and excellent consistency has been found. From our work,
we can confirm that the properties of the HTS antenna
were stable at temperatures slightly lower than the critical
temperature.
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