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Abstract—In this paper, we design a slot planar antenna with
a low profile above a metallic support using the tools of periodic
structures. A parametric study on its bandwidth performances
is performed. Good results are obtained in terms of bandwidth
(7%) and radiation pattern. A good trade-off between low profile,
lateral size and bandwidth is found.

I. INTRODUCTION

Low profile antennas with good performances above a
metallic support present a great interest for some applications
like on-board antennas or RFID tags. Such antennas can be
achieved by using structures based on metamaterial properties
[1], [2]. Another way is to use a magnetic antenna [4]. A
more sophisticated antenna using a special combinaison of
magnetic and electric antennas to perform better performances
can also be considered [3]. The realization of these antennas
are relatively costly and present a not negligible thickness.

This paper presents a slot planar antenna above a metallic
support (two patches separated by a gap). The design of this
antenna is realized using the Bloch-Floquet theory [7].

This paper is organized as follows. Firstly an explanation
of why this antenna is inspired from metamaterials is given.
Secondly we explain the operating principle of this antenna.
Then, the design is developed including the feeding. Finally,
we perform numerical tests among which a parametric study
on the bandwidth performances, and simulations on the adap-
tion and radiation properties.

II. INFINITE PERIODIC STRUCTURE

antenna.

A. Metamaterial assumption

We consider in this article a finite periodic structure com-
posed by an FSS above a metallic plane, which is called here
the pseudo-FSS cavity.

To analyze a structure using metamaterial techniques, two
conditions are required: the dimension of the cells must be
small with respect to the wavelength, and the number of cells
must be great enough so as to consider the structure as periodic
[5]. Upon these conditions, the tools resulting from Bloch-
Floquet theory like the Floquet modes analysis or dispersion
diagrams can be used.

In this article we use these tools to determine approximately
which dimensions the slot antenna should have even if neither
the size nor the number of cells correspond to the metamaterial

definition. This is justified if the following assumption is
fullfilled. The field in the cells of the finite periodic structure
excited by a realistic feeding is similar to the field in the cells
of the same structure but infinite and excited by a plane wave.
This will be the case if the fundamental mode of the pseudo-
FSS cavity corresponds to a mode of the infinite periodic
structure.

B. Dispersion diagramm

First of all, we perform a modal analysis of the infinite FSS.
The aim is to determine conditions under which the infinite
FSS can be used efficiently as an antenna. For the sake of
clarity, we consider the simplified configuration of Fig. 1. The
problem is y-invariant, and periodic with respect to z. The cell
size is P. The periodic boundaries at x = 0 and « = P are
characterized by a phase shift of exp(jk, P + 2mi) with i the
order of spatial modes.

Periodic boundary
condition

Fig. 1. Configuration of the infinite periodic structure

The i*"-order spatial modes of the smallest pulsation are
denoted M; ., p. In Fig. 2, we display the dispersion diagram
of this structure for the M, p mode. The first Brilloin zone
is limited to k., € [_Tfr, %] In an infinite periodic structure,
the modes are continue over the variable k, P. We distinguish
two types of modes :

o The modes corresponding to k, > kg, with ko the wave
number, are guided modes along x. If they are excited
they will not radiating and increase the reactive energy.

o The modes corresponding to k, < ko are leaky modes.
If they are excited, they can radiate energy and thus the
FSS can be used as an efficient antenna.
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Fig. 2. Dispersion diagram

C. Antenna efficiency

We consider here the case where only the My ¢ mode, i.e.
for k, = 0 is excited. For such a mode, because k, < kg, this
structure can be considered as a leaky wave antenna. From the
physics of the configuration, we can give the field distribution
of this mode, which is represented in Fig. 3.
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Fig. 3. Electric field of the Mp o mode

To evaluate the radiation of this antenna, we can use the
equivalence theorem in the plane of the FSS. In each slot, we
have an equivalent magnetic current given by

Jn=-nxE, (1)

where n is the outgoing normal and E the electric field. There
also exist electric equivalent currents, but their radiation can
be neglected due to the proximity of the back metallic plane.

Therefore, the My o mode will efficiently radiate if the elec-
tric field is maximal in the plane of the FSS. This optimizes
the coupling between the field inside the FSS and the field
radiated outside the FSS. This is more particularly true for
the field radiated towards z — 400 because the mode is such
that k, = 0.

D. Desgin with Bloch-Floquet analysis

To take this into account when designing the FSS structure,
we can employ reciprocity and reaction. We illuminate the
FSS with the Bloch-Floquet mode of order 0, of amplitude
E; and such that k, = 0. In the plane of the FSS, the total
electric field associated with this Bloch-Floquet mode is given
by

Ep=FE;(14T) @)

where I is the reflexion coeficient deembeded in the plane of
the slot. This electric field is maximal for I' = +1.

Consequently, the FSS with the My o mode excited consti-
tutes an efficient antenna if I' = +1 in the plane of the FSS.
This reflexion coefficient corresponds to the one of an high
impedance surface (HIS).

III. THE PSEUDO-FSS CAVITY

We know analyze the radiation of a truncated periodic
structure based on the preceding results for the infinite FSS.

In Fig. 4, we present the antenna structure, which is com-
posed by two patches separated by a gap (a slot). It can be
seen as a truncated frequency selective surface (FSS) above a
metallic plane constituted with two unit cells.

Fig. 4. Antenna structure

In the infinite periodic structure, the modes of the dispersion
diagram were continue over the variable k, P (red dashed line
Fig. 2).

In the case of a finite periodic structure, in the assumption
there is no coupling between modes, we can consider only
one eigenmode, the most excited as it is done for a slightly
perturbed cavity. Then the associated phase of this eigenmode
is a multiple of 27.

For a guide constituted by N identical cells, the phase
relation for a unit cell is given by k, P = ¢ with n €
{0,--- N —1} and N the number of unit cells. The dispersion
diagram is then discretized by a dirac comb with a period of
kP =T

For only two cells, only the modes Moo, Mo,z and Mo ~
exist. They are respectively positioned at k, P =0, k, P = 5
and at k, P = 7 of the first Brilloin zone (red point Fig. 2 ).
The electric field of the My o mode is represented in Fig. 5.

When the number of unit cells increases, the number of
possible evanescent (non-radiating) modes increases. Thus the
reactive energy may increase. This may explain a bandwith
reduction when the number of cells increases.

Besides, due to the feeding, the equivalent currents in each
slot may have a non-uniform amplitude. This may be explained
by the excitation of higher-order spatial modes (M; o with
1 > 1). This is another reason why a realistic feeding will
decrease the bandwidth.



Fig. 5. Electric field of the Mo o mode in the pseudo-FSS cavity

Due the main contribution of the My o mode, the radiation
efficiency is almost unchanged for two cells in compari-
son with the infinite structure. Nevertheless, the operating
frequency and the bandwith are modified. The shift of the
operating frequency depends on the coupling of the feed with
the structure.

IV. DESIGN

A first estimation of the dimensions of this structure is
obtained via the the use of the Floquet mode analysis. We
search to have I' = +1 in the plane of the FSS at the operating
frequency. To obtain the final antenna dimension, the complete
antenna is simulated with its realistic feeding probe.

The feed must be chosen so as to correctly excite the Mo o
mode. This can be achieved via different ways. A technique
is to use an electric dipole above or into the structure. This is
similar to what is done when an antenna is placed over an HIS
surface [8]. Another technique is to use an electric probe into
the slot to excite the electric field of the mode or an electric
loop into the thickness of the structure to excite the magnetic
field of the mode.

V. NUMERICAL EXPERIMENTS
A. Design analysis

We aim at finding the unit cell dimensions which yield an
antenna of operating frequency 1.57GHz. To do so, we set
the gap and the thickness (h) at Imm and 6mm, respectively.
We start with a Floquet modal analyzis. We search the patch
lenght and width for which the reflexion coefficient of the first
Floquet mode deembeded in the plane of the pseudo-FSS is
equal to +1 at 1.57GHz. This reflexion coefficient corresponds
to the one of a perfect magnetic conductor (PMC) and is reach
for a pacth lenght and width of 57mm and 55mm, respectively.

According to the criterion of [6], the bandwidth of the HIS
corresponds to phase variations of the reflexion coefficient
arround 0° of £ — 90°. From Fig. 6, we obtain a bandwidth
of 300MHz (19%).

B. Antenna analysis

Because of the finiteness (truncation) of the pseudo-FSS,
and the coupling by a localized probe, this operating frequency
is shifted towards a higher frequency. To obtain the final patch
length, we consider the complete antenna (Fig. 5) and we ad-
just the length until the resonant frequency of the fundamental
mode of this cavity is at 1.57GHz. This corresponds to a patch
length of 67mm. The gap, the width and the thickness are
unchanged.
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Fig. 6. Bandwith of the periodic structure via Floquet analysis

The feeding can be realized with two probes on both parts
of the gap to obtain differential excitation via a balun. The
principal interest of such a feeding is to use the benefit of
differential modes in active components to prevent noise.
Nevertheless, for classical applications which do not need
differential feeding, a single feed can also be used, as is
commonly done for patch antennas.

C. Parametric analysis

A parametric analysis is performed on the thickness of
the antenna. The operating frequency is very sensitive to the
thickness of the pseudo-FSS. The frequency increases from
1.57GHz to 1.955GHz for a thickness variation from 6mm to
2mm as shown in Fig. 7.

This frequency shift can be compensated either by increas-
ing the length of the patches or by keeping the length of
the patches constant and increasing the distributed capacity of
the slot. It can be done by adding some discrete capacitors
distributed along the slot or by designing an interdigital
capacitor in the slot.

We display in Fig. 8 the bandwidth at 1.57GHz with regards
to the antenna thickness. The bandwith is here defined as
VSWR < 2 for a matching impedance of 50¢2. The length or
capacitor values are adjusted so as to keep the same operating
frequency. We observe that the bandwidth is reduced when
the thickness is reduced. The red dashed line corresponds to
a variation of the patch length and thickness from 67 x 6mm
to 88 x 1mm, without capacitors in the slot. The blue solid
line corresponds to 10 capacitors distributed in the slot, which
values vary from 0.35pF at 6mm to 2.7pF at 1mm, for a patch
length fixed at 67mm.

With capacitive loading of the slot, we can obtain a small
antenna in terms of thickness and length, but at the cost of a
slight reduction of the bandwidth.

D. Performances

The bandwidth obtained is of 7% for a size of (2x67)x55x%
6mm (length x width x thickness) and is represented in Fig.
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dashed line), and with ten distributed capacitors in the slot (blue solid line)

9. The 3D radiation pattern is plotted in Fig. 10. We observe
a very good directivity of 7.5dB for a linear polarization.

VI. CONCLUSION

We have proposed a method to design a thin antenna over
a metallic support, which is inspired from high impedance
surfaces. We have used the theoritical tools of periodic struc-
tures to design and size the antenna. We have analyzed the
fundamental mode of the infinite periodic structure. We have
shown that this mode can radiate efficiently as a leaky wave
antenna if the periodic structure can be considered as an
HIS. This has rendered possible the design by means of a
simple method using Floquet analysis. We have explained why
this method remains valid when the structure contains only a
limited number of cells.
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Fig. 10. Directivity pattern (dBi)

We have applied this method in order to simulate a slot
antenna on a metallic support with large bandwidth properties
and low thickness. We have performed a parametric analysis
on the bandwidth performances, and we have proposed a
solution to reduce the length for low thickness. The radiation
pattern has been computed with satisfying results.

Note that this approach can be extended to multiple patch
structures. Because of its good characteristics and its low-
cost manufacture, this antenna may constitute a good solution
for applications such as RFID sensors or GNSS systems. RF
sensor applications can be envisaged due to the possibility of
tunning the operating frequency by modifying the thickness
or the gap size.
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