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Abstract—This letter presents the study of a segmented entire
domain basis function suitable for fast analysis of rectangular
microstrip antennas with the method of moments (MoM). In
contrast to other basis functions, whereby the edge condition is
valid only for narrow lines, the proposed basis function can be
applied to microstrip lines and antennas with arbitrary width.
For validation, a probe-fed rectangular microstrip antenna was
modeled and the results were validated with measurements.
The deviation of the calculated resonance frequency from the
measured value could be reduced to less than 0.1%. This has
been obtained with the use of only two expansion modes along
each direction for the construction of the MoM matrices.

Index Terms—Basis functions, microstrip antennas.

I. INTRODUCTION

The analysis and optimization of large microstrip arrays and
reflectarrays require fast methods to determine accurately input
impedance, mutual coupling and radiation pattern. Approxi-
mate models, such as the transmission line method or the ca-
vity model, are applicable only to microstrip antennas printed
on thin substrates. This limitation can be overcome by using
full-wave techniques, such as the finite element method (FEM)
and the method of moments (MoM). The first technique is very
flexible, but demands very large computational resources for
the analysis of large structures. For large arrays, MoM can
be a good option, if proper entire domain basis fucntions are
used.

Among many other papers found in the literature, classical
formulations of MoM are presented in [1] and [2]. In [1], the
MoM is applied for the analysis of probe-fed antennas with
rectangular and nonrectangular shapes. In [2], the calculation
of input impedance and mutual coupling between rectangular
patches is performed by using basis functions with sinusoidal
behavior along the resonance without any variation of the
current density in the orthogonal direction. In [3], an edge
condition, which stands for the abrupt increase of the current
density near the nonradiating edges of a rectangular patch,
is introduced into the basis function, which yielded accurate
results only for narrow lines with widths up to two times
the substrate thickness. In [4], the edge condition proposed
by [3] was initially included in the MoM modelling, but no
improvement in the accuracy of the results in comparison to
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simple sinusoidal basis fucntion has been verified. In [5]-
[8], an edge condition was considered along with piecewise
sinusoidal basis functions to model microstrip circuits on
cylindrical substrates. Validation of this approach was achieved
only for very thin substrates or narrow conducting strips.

In a more recent work, the basis functions are chosen
for caracterization of reflectarrays composed of rectangular
patches and crossed microstrip dipoles [9]. The authors used
the basis function described in [10], [11], which yielded good
results for substrate thicknesses greater than 0.04)\, where A
is the wavelength in the dielectric used for the reflectarray.

The edge condition considered in [3], [5]- [6] and [10]
shows a continuous growth of the current density from the
center of the patch to the edges in the direction orthogonal
to the current flow. This formulation is valid only for narrow
lines and is not efficient for wide microstrip lines and antennas.
For this reason, this letter demonstrates the use of entire
domain segmented basis functions to allow a more accurate
representation of the edge condition. In the next section,
the mathematical formulation for the proposed basis function
is presented. Then, the performance of the proposed basis
function is validated by comparison of results with [2], [10]
and measured results. By using only two expansion modes
along x and y to fill the MoM matrix, excellent agreement
with experimental data has been achieved.

II. SEGMENTED BASIS FUNCTION

For the case of microctrip structures, the MoM is used to
solve the electric field integral equation of the form [12]

/ /S G (a2 yy) Jo (@) dS = —E (z,y), (1)

where G is the Green’s function of the layered structure,
J, is the unknown surface current density induced on the
metalizations (patch or microstrip lines), and E' is the incident
electric field, which stands for the excitation of the structure.
In the MoM formulation, J_; must be expanded in the form
[13]

N Ny
j; (xlv y/) = Z an‘]ﬂz ($I7 yl) ﬁj + Z anny ({I?/, y/) gv (2)
n=1 n=1

where J,; and J,,, are known basis functions used to describe
the surface current density J, along the x and y-directions, re-
spectively, and a,, and b,, are the coefficients to be determined.
It is well known that the number of needed terms N, and NN,
for the expansion depends strongly on how good the basis
functions can represent the behaviour of J,.

Standard entire domain basis functions need the use of
several modes to represent accurately the current distribution
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Edge condition

Fig. 1: Representation of the segmented edge condition along the
direction orthogonal to the current flow.

on the patch surface. The main consequence is the increase
of the MoM matrix, hence resulting in larger memory usage
and computation time. These disadvantages can be overcome
by defining an entire domain basis function with segmented
representation, whereby the flat behaviour near the center and
an abrupt increase near the edges can be controlled properly.
This behavior is graphically depicted in Fig. 1, where v stands
for the direction of current flow and u is the coordinate
orthogonal to v. The basis function proposed in this letter
presents sinusoidal behavior in the v-direction, whereas the
variation along u can be described as

Up
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where up = Kk , Upr = U1 + up and uge = us — up. In
this approach, the function is divided into three parts, whereby
the edge condition can be easily applied to a narrow region
close to the patch edges, in contrast to previous formulations
found in the literature. The patch width is given by |us — u|
and the edge condition is applied between the points u; and
ug1, and upz and uy. The parameter x can be used to choose
how close to the edges the segmentation should take place.
The range of possible values is 0 < k < 1, whereby x = 0
stands for the case without edge condition, as defined in [2],
and k = 1 is the case without segmentation, which is the case
analyzed in [10]. In Fig. 2, the behavior along the u-direction
is plotted for different values of «.

[uz—u1|

By using this mathematical formulation, the basis function
for a rectangular patch is described by (4) and (5) in the space
domain along x and y, respectively, as given in Appendix A.
In the spectral domain, the functions assume the form given
by (6) and (7) in Appendix B.
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Fig. 2: Transverse behaviour of the segmented basis function for
different values of .
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Fig. 3: Geometry of a probe-fed rectangular microstrip antenna.

III. VALIDATION

For the validation of the proposed basis function, a probe-
fed singly-layered rectangular microstrip antenna was designed
to resonate at 2.35 GHz and manufactured according to the
geometry sketched in Fig. 3. The antenna dimensions and the
electrical parameters of the substrate are summarized in Table
I. The fabricated prototype is shown in Fig. 4.

The MoM was implemented considering the Galerkin ap-
proach and the Green’s function for singly layered antennas
as described in [11], [14], [15]. Considering that the current
density on the patch flows primarily along the y direction, the
MoM computations were run including only the expansion
modes n = 1 and n = 2 along z, and n = 1 and n = 3
along y. The performance of the proposed basis function in
comparison to [2], [10] and measured results is demonstrated

TABLE I: Microstrip antenna dimensions and electrical parameters.

Parameter Value
Patch length (L) 42.21 mm
Patch width (W) 33.79 mm
Substrate thickness (h) 1.524 mm
Dielectric constant (&) 3.38
Loss tangent (tand) 0.0034
Feed position (zp,yp) (0, —6.2 mm)
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Fig. 5: Comparison of reflection coefficient curves for different
basis functions and measured results.

in Fig. 5. Very good agreement has been obtained with
measurements by setting x = 0.1. In terms of resonance
frequency, the value obtained with the measured curve was
2.368 GHz, whereas for x = 0.1 it was 2.37 GHz. This means
a deaviation of less than 0.1% from the measured result. The
basis function of [10] yielded the largest frequency shift among
the calculated cases. It should be pointed out that the design
resonance frequency (2.35 GHz) is located at the lower border
of the operating band of the prototype, if the definition of
bandwidth is taken as reflection coefficient lower than —10 dB.
Although the optimum value for x may vary according to the
width of the patch, generally small values must be set, since
the abrupt current growth occurs only very close to the non-
radiating edges of the antenna. If W becomes much narrower
than L, then x must be increased. As demonstrated in [9],
[10], for very narrow structures, such as transmission lines
in microstrip or stripline technology, accurate results can be
obtained by setting x = 1.

The convergence of the solution has been tested for different
number of modes used to expand the current on the patch and
in terms of stopping criterion for the integration needed for
the inverse Fourier transforms. The results for both analyses by
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Fig. 6: Variation of the reflection coefficient for different numbers
of expansion modes.
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Fig. 7: Variation of the reflection coefficient for different stopping
criteria for the integration of the inverse Fourier transform.

considering x£=0.1 are shown in Figs. 6 and 7. The curves show
that the increase in the number of modes beyond two does not
present strong influence on the results, since the inclusion of
the edge condition in the proposed basis function contributes
to the precise description of the current induced on the patch.
Additionally, the integration for the inverse Fourier transform
can be stopped after 5 = 150k, without great impact on the
accuracy.

The current distribution obtained with the MoM computa-
tion by setting x = 0.1 is shown in Fig. 8. By analyzing the
behavior of .J,, the expansion mode for n = 1 predominates
along the y-direction, where the typical surface current distri-
bution shape with the edge condition can be clearly identified
[12].

IV. CONCLUSION

In this letter, a basis function to take the edge condition
accurately into account was proposed. The model presented
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very accurate representation of the surface current distribution ~ where n represents the mode of expansion, and y, = xkW/2,
for rectangular patch antennas. Due to the efficient modelling y; = —W/2, yo = W/2, yo1 = W/2(—1+k), yo2 = W/2(1—
of the edge condition, only 2 expansion modes along z and y k), zp, = kKL/2, 11 = —L/2, x5 = L/2, z01 = L/2(—1+ &),
were needed to achieve accurate results. The proposed basis 29, = L/2(1 — k).
function should allow fast analysis of rectangular microstrip
antennas, which is an interesting feature for many applications,
such as the design of reflectarrays, whereby optimization of
the radiation pattern is done iteratively by means of running
MoM computations repeatedly.

APPENDIX B
SPECTRAL DOMAIN BASIS FUNCTIONS

Applying the double Fourier transform defined in [12] to (4)
and (5), the basis functions are written in the spectral domain
as

APPENDIX A
SPACE DOMAIN BASIS FUNCTIONS

1
. . ) ) Iz (kzy ky) = [erJO ((1 — H)ka>
Entire domain basis functions for rectangular resonant pa- 2

tch, along the z and y-directions, are written in the space . 1
& v Y P +(1 — k)W sinc <2(1 - K))ka>:|

domain as
nr 1, 1,
x —L [efﬁjkIL - cos(nﬁ)eﬁjkIL}
-y - ()
Y=Y = T
{1 — ( ybm) ] sin ("—L”(a: — L/2)) (6)
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for / / Joy (ke ky) = |kmLJy ( =(1 — k) Lk,
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. 1
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sin (%% (z — L/2)) nm N .
J x — {e‘fjk’yw - cos(mr)efjk'yw}
T = 2
na(@,y) for —L/2<xz<L/2 ky — (5%) 7
Yo1 <Y < Yoz . . .
where .Jy is Bessel function of the first kind and order zero.
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