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Abstract - We present an original synthesis model
applied to multilayer probe-fed microstrip
antennas. We have developed an original modified
Wolff cavity model to obtain, with a low computing
time, the optimal size and the shape of the antenna,
versus the physical and geometrical parameters,
necessary to a good approach. Unpublished results
for elliptical and annular ring antennas are
presented. We show and discuss numerical and
experimental results for different synthesis.

Résumé - Nous présentons un modele original
pour la synthése d'antennes imprimées
multicouches alimentées par sonde coaxiale. Nous
avons développé un modele de cavité basé sur le
concept de Wolff, afin d'obtenir les dimensions
optimales et Ia forme de 1'antenne en fonction des
paramétres physiques et géométriques. Des
résultats inédits sur des antennes en forme d'ellipse
et d'anneau sont présentés. Des comparaisons
théorie/expérience sont présentées et discutées.

Introduction

Many theoretical models of probe fed microstrip antennas have aimed at determining the electrical
characteristics of printed antennas of various shapes, during the last years. These differents models are generally
with a good agreement with experiments and other rigorous investigations. They are valid for small values of
H/Ag (the ratio between the substrate thickness and the wavelenght). However, at our knowledge, a synthesis
model for multilayer probe-fed microstrip antennas with or without an air-gap, taking into account the shape of
the element has not been published yet.

On our different studies antennas (rectangle, disc, triangle, ring, ellipse) can be added a dielectric cover to
offer protection against environmental hazards (ice, snow) (1 - 3] and an air-gap to obtain exactly the resonant
impressed frequency [4 - 5](figure 1). The ring microstrip antenna can be proposed for dual band operation [6 -
9], and the eccentricity of the elliptical antenna allows us to obtain a wider frequency band [10 - 17].

For all these reasons, we propose an original synthesis. The analytical model introduced in the synthesis,
takes into account all of these parameters and the advantages and drawback of each shape and proposed the best
-structure possible for each case. Electrical criteria like bandwidth, quality of polarisation, circular polarisation or
efficiency versus the shape of the element are associated concurrently with geometrical and physical parameters.
The behaviour of the rectangular, circular and triangular shapes are now wellknown and, in this paper, the

original work is axed on the ring and elliptical shapes who shown interesting advantages in synthesis.
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figure 1 : Studied structures

 Methodology
Our theoretical study is achieved from a modified Wolff model [3] which we have adjusted to treatment
of various shapes of radiating elements. The boundary conditions are taken into account using dynamic



permittivity including physical and geometrical parameters and fringing field effects. The calculation of the
dynamic edge capacitance is required. It consists in considering the radiating element as an open microstrip line
for which a variational expression of the characteristic impedance allows us to take into account the multilayer
lossy structure. In particular case of the ellipse the theoretical study was carried out with Eff (the results with

the dynamic permittivity will be presented at the conference).

‘ Y We show a coordinate system on figure 2 for an
u = Uo elliptical radiating element.
VT2 oy, The focal length is ¢ = Ya2-b?
b E ¢ The eccentricity is defined as ¢ = %
I
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u=0 “v=-vo X =c cosh (u) cos (v)
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figure 2 : Elliptical coordinates

If h << A dielectric» the Maxwell's equations reduce to the following equation in Ez :

QZ%Z- + ﬁzz + k2c2( cosh? (u) - cos? (v) )Ez=0 where k 2= Egff €y Lo © 2 D
ou ov

Solutions to the partial differential equation (1) are expressed in terms of Mathieu functions Sopm ( ke, cosv) and
Sem (ke, cos v) and related radial functions Jom ( ke, cosh (u)) and Jerm (ke, cosh (u)) [10].

The even (subscript €) and odd (subscript 0) TMpy, modes are considered for the elliptical radiating element.
The first approximation of the resonant frequency is deduced from the zeros qmp ( nth parametric zero of the
even or odd modes) of the derivative of the radial Mathieu functions of order m for u=ug [11].

Fres = _£0 ¥Gmn
Tae VEeff

Eeff is computed from the dimensions of radiating elements and from the physical characteristics of the substrate

(Subscript s for the substrate, a for the air-gap and c for the cover).
The input impedance is determined using the following equivalent electrical circuit.

2 Yqmn = kmnC V)]
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Figure 3 : An equivalent circuit for two resonances and the coaxial feed

R1 and R2 correspond to the real part of the input impedance of the even and the odd TMp,, modes of the
ellipse. We have considered the ellispe as a circular disk whose radius is equal to a (for R1) or b (for R2) for the
calculation of the impedance.

The closed-form expressions for the resonant frequency and the input impedance allow us to work in
synthesis. For example, the dielectric substrate being given and a set of physical criteria being known, it is easy
to compute the dimensions of the patch and the optimal position of the feed to obtain a real part of the
impedance equal to 50 €, for the impressed resonant frequency. The dimension of the patches is another
important point [17].

Then, a microstrip antenna destined to be integrated in an array structure with a small distance between
radiating source, should be as small as possible to limit the coupling effects. Other criteria, like the desired
bandwidth, or the resonant frequencies of the superior modes must be taken into account too. The synthesis was
carried out using Quick Basic on 486 DX2 computer. The different calculations were obtained in few seconds.

Thanks to this synthesis, we have deduced the avantages of each shape. We obtain a easy circular
polarisation with the disk or the ring antennas. But ring had however smaller dimensions than the disk for a



same given frequency. For the same reason we will be use an ellipse rather than a disk to obtain a larger
bandwidth.

Results

We present figure 4, the theoretical variations of the characteristic size of the radiating element versus the
impressed resonant frequency, for different well-known shapes. For each shape, we indicate the given
dimension, for example, disc : diameter 2a, ellipse : the major axis 2a (eccentricity e = 0.622). The ratio for the
ellipse (a/b) is equal to 1.5 and for the annular ring ra/r; = 2. The annular ring takes less space than the other
shapes. We have a very good agreement with experiments.

Figure 5 shows the case of an annular ring with a dielectric cover for the first two resonant modes TM11
and TM»1, We give the theoretical ratio (rp/rj) versus the desired frequency for r] = 5 mm and 10 mm. We can
notice that the ratio ra/r1 decreases strongly for small variations of the resonant frequency. Moreover we can
choose, according to our specifications, the ratio that we want at a given frequency.

To validate our model of synthesis, we present, figure 6 the experimental and theoretical variations of the
real part of the input impedance versus frequency, for an elliptical radiating element. For the even and odd mode
the feed-point (F) is located at 20 mm from the center. The agreement is excellent.

The algorithm gives for example the fed position for the desired real part of the input impedance of the
ellipse (for the even mode) (figure 7).

We show figure 8, for different thickness of air-gap, the variation of the eccentricity e versus the half
minor axis b of the ellipse. The bandwidth increases with increase the thickness Ha. For example, for Ha = 0
mm we obtain a bandwidth (BW) equal to 1.6 % (SWR = 1.5) and for Ha =5 mm BW =8.9%.

Conclusion

We have presented an original synthesis model for multilayer microstrip antennas of different shapes. We
have shown that we can determine, when a set of desired parameters is known, the optimal shape and size of
microstrip patch to choose. The knowledge of the advantages and drawbacks of each shape are very important
points for synthesis or CAD models. The comparison between theoretical and experimental results shows a very
good agreement.
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Figure 4 : Variations of the synthesis size of the
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Figure 7 : Maximun real part of input impedance
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