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Abstract—Special attention is required when applying the
MoM to coaxial-fed printed antennas. First, the junction between
vertical and horizontal conductors must be carefully considered.
In this paper, we realize this transition thanks to broken rooftops
which have the merit of being elementary basis functions, thus
allowing a fine representation of the feeder structure. In this
case, an additional line of charge distributions appear due to the
difference between scalar potentials associated to vertical and
horizontal conductors. The impact of these lines of charges is
studied in this paper. Second, the feeding technique needs to be
carefully selected. Here, we compare the accuracy of the delta-
gap excitation to the one based on an impressed magnetic frill
of current. The importance of both the line of charges and the
technique of excitation is highlighted by confronting our results
against the ones obtained from the CST software.

Index Terms—Method of Moments, coaxial-fed antennas, mag-
netic frill, broken rooftops.

I. INTRODUCTION

Accurate numerical analysis is of paramount importance
towards the design of high performance antenna arrays. Full-
wave numerical methods such as the Method of Moments
(MoM) have proven their versatility and their accuracy over
the past few decades. In particular, the MoM has the advantage
of only requiring surface meshing while the configuration of
the layered medium can be accounted for through dedicated
dyadic Green’s functions. This can be done for planar layered
media, with the hypothesis that the layers are infinite in the
horizontal direction and finite in the vertical direction. While
edge effects are neglected, this model has proven highly reli-
able for structures printed on large dielectric substrates. This
means that the MoM is an excellent candidate for studying
large arrays printed on a grounded dielectric slab. In this paper,
we tackle the accurate analysis of the unit element of a large
connected array which, in free-space appears as a self comple-
mentary structure. Self complementary structures [1] exhibit
constant impedance irrespective of the frequency. While this
property is of high interest, in practice, it is required to provide
a support for the array: for example, a grounded dielectric
substrate, thus partly breaking the self complementary aspect
of the structure. That being said, the array can still exhibit a
large bandwidth if the thickness of the substrate layer is well
chosen. Several layers with different permittivities can also
improve the bandwidth [2]. We consider here the connected
array depicted in Fig. 1 and we focus on the feeding and the
calculation of the input impedance of the unit element. A delta
gap excitation located on a planar elementary basis function
has been employed to feed the array in the past [3]. This

modeling has the advantage of keeping the structure planar
and thus, the Green’s function only needs to be evaluated on
the air-substrate interface. However, this model neglects the
presence of feeding probes and thus only approximates the
input impedance. In this paper, the vertical probes feeding the
antenna across the dielectric substrate are represented with
elementary basis functions. Hence, the precise geometry of
the probe can be accounted for. Several precautions need to
be taken when analyzing probe-fed antennas with the MoM.
Half basis functions need to be connected to the ground plane
and adequate Green’s functions of vertical sources in layered
media need to be calculated. The feeding technique, which
can be based for example on a gap-voltage or a magnetic frill
of current [4], needs to be carefully studied [5]. Moreover, the
transition from vertical conductors to horizontal conductors
at the air-dielectric interface requires special attention. Sub-
domain [6] or entire-domain [7] attachment modes have been
studied in the past. However, they often entail approximations.
In the present case, we realize the transition from the probe to
the patch using bent (or broken) rooftops [8], which remains
quite flexible.

In the mixed-potential integral-equation (MPIE) formulation
[9], the Green’s functions GA and GV , associated with the
vector and scalar potentials, respectively, need to be calculated.
When using a classical approach, the scalar potential associ-
ated with horizontal source differs from the one associated
with vertical sources. This difference gives rise to a line of
charges [8] located at the air-dielectric interface. In the present
paper, we study the impact of the line of charges on the
isolated element of the connected array as well as the accuracy
of the delta-gap excitation versus the magnetic frill excitation.

II. MODELING

The antenna element and the feeding probe are shown in
Figs. 2 and 3, respectively. As can be seen, the probe is
described with rooftop basis functions while the patch is de-
scribed with Rao-Wilton-Glisson (RWG) basis functions [10].
The broken rooftop (depicted in red in Fig. 3) is composed
of a horizontal half basis function connected to a vertical half
basis function. In this case, an octagonal cross section has been
chosen for the probe, meaning that the probes are connected
to the patch trough eight bent rooftops. The bowtie antenna
is printed on a single-layered dielectric substrate backed by
a ground plane. Two feeding techniques are considered here.
The simplest one is a delta gap feeding at the bottom of the



Fig. 1. Example of a connected array.

probe, meaning that a an infinitesimal voltage gap is placed
at the bottom of each half basis function connected to the
ground plane. The second feeding technique uses a magnetic
frill of current derived from the waveguide mode supported
by the coaxial cable [4]. This excitation allows accounting for
the outer conductor of the coaxial cable while the delta gap
excitation does not. The accuracy of both feeding methods will
be studied in the next section.

Fig. 2. Mesh of the element, obtained with Gmsh [11].

III. LINE INTEGRALS

In Fig. 3, it is clear that an octagonal cross section probe
supports eight bent rooftops and thus eight additional line
charge distributions appear due to the difference between
scalar potentials associated to vertical and horizontal sources
[8]. The interaction between the line of charges supported by
a given bent rooftop f b and a given basis function f t can be

Fig. 3. Mesh of the feeding probe.

written as∮
∂S

n̂(r) · f b(r)(∫∫
S′
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′)

(
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)
dS′
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where r′, r denote the source and test positions, R = |r−r′|,
and Gh

V , Gv
V are the scalar potentials associated with horizon-

tal and vertical sources, respectively. The domain surfaces of
the bent rooftop and of the testing function are denoted by
S and S′, respectively. n̂ is the outer normal to surface S. It
has been shown in [8], [12] that, while both scalar potentials
exhibit a singular behavior as the distance of interaction R
tends to zero, the difference between the two potentials is
singularity-free.

IV. NUMERICAL RESULTS AND VALIDATION

Let us consider the element depicted in Fig. 2 and evaluate
its input impedance. The input impedance is simulated with
an in-house MoM solver where we include and then omit the
additional line integrals to observe their effect on accuracy.
The antenna is also simulated using the frequency domain
solver of CST [13], for validation purposes. In this case, the
dielectric substrate is finite as can be seen in Fig.. 4. The
antenna feeding in CST relies on waveguide ports.

First, we feed the antenna with an infinitesimal delta-gap
excitation at the bottom of the probe. The results are shown
in Fig. 5, along with the ones from CST. A relatively bad
accuracy of the MoM solver is observed with this technique
of feeding. We can see for example that resonant frequencies
are significantly shifted.

Next, a magnetic frill of current is used as an excitation in
the MoM solver. The input impedance is calculated from simu-
lations including line integrals and is compared to results from
CST in Fig. 6, where an excellent agreement can be observed.
In Fig. 7 the line integrals are omitted. The corresponding S
parameters, with 50 Ohms reference impedance, are shown



in Fig. 8. A lack of accuracy can be clearly observed when
omitting the line integrals, especially at higher frequencies,
i.e. when the dielectric substrate becomes electrically thicker.
Hence, the line integrals need to be accounted for to avoid this
lack of accuracy.

Fig. 4. Antenna in CST software.
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Fig. 5. Comparison between real and imaginary parts of the antenna input
impedance, obtained with the MoM code and with CST. A delta-gap excitation
is selected for the MoM solver.
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Fig. 6. Comparison between real and imaginary parts of the antenna input
impedance, obtained with the MoM code and with CST.
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Fig. 7. Comparison between real and imaginary parts of the antenna input
impedance, obtained with the MoM code and with CST. Line integrals are
omitted in the MoM solver.
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Fig. 8. Comparison between S parameters, obtained with the MoM code and
with CST.

V. CONCLUSION

In this paper, we carefully studied a coaxial-fed antenna
with the MoM. The special features of coaxial-fed antennas
include the judicious choice of the excitation technique and
the treatment of the junction between vertical and horizontal
conductors. Here we chose to employ broken rooftop basis
functions. This choice allows one to accurately reproduce the
feeder geometry. However, additional line integrals appear
due to the difference between scalar potentials associated
to vertical and horizontal sources. We have shown here the
critical impact of the line integrals on a relevant example. We
concluded that these integrals are necessary for good accuracy,
especially at higher frequencies. In addition, we confronted
the results obtained when selecting a delta gap excitation as
opposed to a magnetic frill of current. A dramatic loss of
accuracy has been observed when selecting the former.
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