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Résumé

Une conception précise des antennes patch de forme rectangulaire et circulaire imprimées sur un
substrat diélectrique est appliquée en utilisant la méthode des moments, 1'approche adoptée dans cet
article pour la détermination du tenseur spectral de Green est trés efficace. Une étude comparative
entre ces deux formes rectangulaire et circulaire est faite et comparée avec d'autres résultats
disponibles dans la littérature. L'influence des différents paramétres de 'antenne sur la directivité est
présentée.
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Abstract

An accurate design of both rectangular and circular patch antenna on a micro strip substrate is
applied by using the moments method, an efficient technique to dyadic Green's function is presented,
in order to show the feasibility of the method some numerical data are generated, the effects of
different parameters on the directivity are discussed, comparative study between this two different
shapes is done and compared with other computed results.

Key Words: Antenna, patch, rectangular, circular, moment's method.

Over the past twenty five years microstrip resonators have been widely
used in the range of microwave frequencies. In general these
structures are poor radiators, but by proper design the radiation
performance can be improved and these structures can be used as antenna
elements [1-3]. In recent years microstrip patch antennas became one of
the most popular antenna types for use in aerospace vehicles, telemetry
and satellite communication. A microstrip antenna is fabricated by
printing a specifically shaped metallic patch on a grounded dielectric slab.
At low frequencies, the analysis for this structure can be done by using
either the transmission model or a cavity model [1]. However, for high
frequency operation in the millimeter-wave range, the thin substrate
approximation of low frequencies is not valid and a rigorous analysis is
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necessary for greater accuracy in the design of the element.

An accurate design of both a rectangular and circular patch on a thick
substrate can be done by using the method of moments [1-5], which has
proven to be a very useful and precise tool to analyse and design
microstrip structures. An integral equation can be formulated by using the
Green’s function on a thick dielectric substrate to determine the electric
field at any point. The solution of such an integral equation is finally

Green obtained by the moment method with the given set of boundary
conditions. From this analysis, the current distribution on the patch is
determined [1]; the choice of entire domain defined in the field of the
patch was illustrated to develop the unknown currents on the patch. Since
the effect of different parameters on the directivity of a microstrip antenna
has not yet been treated, a number of results pertaining to this case are
presented in this study; also it is important to compare the directivity

between the rectangular and circular patch.
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Comparative study between the rectangular and circular microstrip patch antennas

THEORIE

The patch is assumed to be located on a grounded
dielectric slab of infinite extent, and the ground plane is
assumed to be perfect electric conductor, the rectangular (or
circular) patch is embedded in a single substrate containing
isotropic materials and has a uniform thickness of 4, all the
dielectric materials are assumed to be nonmagnetic with

permeability K- To simplify the analysis, the antenna feed

will not be considered. The boundary condition on the
patch is given by [3]
(1

E Tangential components of incident electric field
mnc

&=

Tangential components of scattered electric field
scat

From Maxwell’s equations in the Fourier transform
domain, the transverse fields in the (TM, TE) representation

can be written in terms of the longitudinal components E_

and H_ as [3][7]

- E ™k , ‘ »
E ) ((k; Al e 4Bl e
()
~ H™k .z)| _ - s
- ol
3)
A and B are two unknowns vectors to be determined.
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k., and k_j are, respectively, propagation constants in the

free space and the substrate. By eliminating the unknowns
A and B, in the equations (2) and (3) we obtain the
following matrix which combine the tangential field
components on both sides of the considered layer as input
and output quantities.
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Wherek, =k, cos(k,, h), k
and k, =w/g, 1,

In the spectral domain the relationship between the
patch current and the electric field on the patch is given by

E [k )=Glk )3k )

Where G is the spectral dyadic Green’s function given by

zl

(6)

equation (7) and j(ks) is the current on the patch which

related to the vector Fourier transform of J(r,) in the case of
a rectangular patch as [6] and to the vector Hankel
transform in the case of a circular patch as [7]
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A rectangular patch with length @ and width b is printed on
the grounded substrate. Which has a uniform thickness of 7,
the surface current on the patch can be expanded into a
series of known basis functions J,, and J,,,,

o Er ) o

Where a, and b,, are the unknown coefficients to be
determined in the x and y direction respectively. For the
resonant patch, entire domain expansion currents lead to
fast convergence and can be related to a cavity model type
of interpretation [6]. In the case of a rectangular micro strip
patch a Fourier transform of J, and J,,, were used, starting
with the sinusoid basic function without edge condition
definite on the whole domain, given by Newman and Forrai
to develop the currents [5] those currents associated with
the complete orthogonal modes of the magnetic cavity, both
x and y directed currents were used, with the following
forms [5] [8].
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In the case of a circular microstrip patch antenna a Hankel

m (p) and f, (p) were used [7]

Zanm knm(p +anp fnp(p
m=1 p=1

transform of K,

amn
0 p>a
where knm (p) and fnp (p) is given by
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Where
&(p,, a)=0 pour m=123K M

J ( np ) 0 pour p=123K P.

The integral equation describing the field E in the
rectangular or circular patch can be discretized into the

following matrix
(Zz )N><M (a )le

(71 )NXN
Z)  Z) | Lo

In the rectangular case the element of the submatrices is
given by

=0 (13)
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In the 01rcu1ar case the element of the submatrices is given
by :

~
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(15.c)

(24) :Idkp kpﬁnkT(kp)G(kp)ﬁnp(kp) (15.d)

In(14), J

F, IZ are the scalar Hankel transforms of F and K

is the scalar Fourier transforms of J and in (15),

respectively. K, and K, k , are the spectral variables. Since

the resonant frequencies are defined to be the frequencies at
which the field and the current can sustain themselves
without a driving source. Therefore, for the existence of
nontrivial solutions, the determinant of the [Z] matrix must
be zero. This condition is satisfied by a complex frequency

f = f. +1if; that gives the resonant frequency f, and the
half power bandwidth 2 f; / f, of the microstrip antenna.

NUMERICAL RESULTS AND DISCUSSION

A rigorous analysis is presented to obtain the complex
resonant frequency of a rectangular patch antenna; the
Galerkin procedure of the moment method with entire
domain sinusoidal basis functions without edge condition is
investigated. Patch dimensions of the rectangular antenna is
1.5 cm X 1 cm, the substrate has a relative permittivity of

= 2.35, the TMOI mode is considered, the real and
imaginary parts of the normalized complex resonant
frequency for this structure are displayed as a function of
thickness #, the normalization is with respect to f; of the
magnetic wall cavity. It is found that length of the
integration path required to reach numerical convergence at
60 ko, a comparative study show a precise agreement
between our results and those available in the literature.

In Table 1, comparisons for the calculated and measured
data presented by [6] and the calculated results from our
model are shown. The perfectly conducting patches of
different sizes without dielectric substrates (air) are
considered. It is important to note that the normalization is
with respect to f, of the magnetic wall cavity, the mode
studied in this letter is the dominant mode TMO1.

A rigorous analysis is presented to obtain the directivity
of a rectangular and circular patch antenna; the directivity
can be found by the numerical integration of the far field
power pattern. The Galerkin procedure of the moment
method is investigated; the TMO1 mode is considered for
the case of a rectangular patch and the TM11 mode is
considered for a circular one, the directivity for these
rectangular and circular structures are displayed as a
function of the substrate relative permittivity in Figure 3
and as a function of frequency in Figure 4.
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Figure 3 shows the effect of the relative substrate
permittivity in the directivity for a patch antenna operate at
2.4 Ghz with a substrate thickness #=0.159 c¢cm, we note that
an increase in the relative permittivity of substrate cause a
decrease in the directivity, however in Figure 3 it is found
that an increase in the frequency causes an increase in the
directivity, we note also from this figure that in the case of
a circular we are slightly increase in the directivity
compared to a rectangular patch, we note also from these
two figures that the directivity is more important for a
circular patch antenna compared to a rectangular one.
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Figure 1: Real part of normalized resonant frequency versus the
substrate thickness for 7M01 mode without edge condition.
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Figure 2: Imaginary part of normalized resonant frequency versus
the substrate thickness without edge condition.

Figure 3: Directivity for a rectangular and circular patch antenna
versus the substrate relative permittivity #=0.159cm freq=2.4 Ghz

Figure 4: Directivity for a rectangular and circular patch antenna
versus the frequency. #/=0.159cm ¢, = 2.5

CONCLUSION

The moment method technique has been developed for
both a rectangular and circular micro strip patch antenna,
the directivity can be found by the numerical integration of
the far field power pattern, an efficient technique to dyadic
Green's function is presented; comparative study between
these two different shapes is done and compared with
earlier calculated results available in the literature. The
effects of different parameters on the directivity are
investigated. Accuracy of the computed technique shows a
very precise agreement between theory and those available
in the literature.

Table 1: Measured and calculated resonant frequencies of rectangular microstrip antennas.

a b h Measured[6] James Hammerstad [6] Our results
(cm) (cm) (cm) (fo) o) (7fo) o) (o)
5.70 3.80 0.317 0.893 0.889 0.920 0.919 0.882
4.55 3.05 0.317 0.897 0.866 0.900 0.903 0.863
2.95 1.95 0317 0.841 0.816 0.861 0.859 0.816
1.95 1.30 0.317 0.773 0.754 0.810 0.805 0.765
1.70 1.10 0.317 0.761 0.724 0.785 0.773 0.740
1.40 0.90 0.317 0.705 0.683 0.750 0.722 0.710
1.20 0.80 0.317 0.673 0.662 0.733 0.684 0.693
1.05 0.70 0317 0.651 0.633 0.710 0.620 0.672
1.70 1.10 0.152 0.881 0.835 0.878 0.876 0.834
1.70 1.10 0.317 0.761 0.724 0.785 0.773 0.739
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