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ABSTRACT

In this paper, a novel structure of antenna array which
compose of H-shaped patch antennas with slot and parasitic
elements has been presented and discussed. The proposed
antenna is suitable for RFID (Radio Frequency
Identification) applications. It is dedicated to operate in the
frequency band centered on the resonance frequency f, =
2.45GHz. It is fed by a parallel linear array adapted to 50€2.
High Frequency Structural Simulator (HFSS) software is
used to optimize geometric parameters and simulate the
radiation characteristics of the proposed antenna array. The
simulation results show that the reflection coefficient
reaches a level of at least -31dB at the operating frequency
of the antenna, a narrow bandwidth of the order of 26 MHz,
and a gain of 6.6dB.

Key words: RFID array antenna, adaptation, Return loss,
Radiation Diagram, HFSS Simulator

1. INTRODUCTION

Radio frequency identification is an electronic tagging
technology that allows an object, a place Radio frequency
identification is an electronic tagging technology that
authorizes an object, a place or a living being to be identified
using a radio wave exchange [1]. This technology has the
distinction of operating remotely according to the principle
that a reader sends a radio signal and receives in return the
responses of the labels that are in its field of action.

The radiation pattern of a base element is relatively broad
and provides low values of directivity and gain. So, to
overcome the problem of long-distance communication, it is
necessary to design antennas with very directive
characteristics and very high gains. This cannot be
accomplished by a single elemental antenna.

Network antennas consist of a set of identical elementary
sources fed by separate channels [2]. These sources are often
dipoles, cornets or printed elements. This regular association
of identical antennas has the objective of creating radiation
of particular shape and directing the radiated power to a
desired angular sector. The radiated power is, therefore,

greater because we multiply the number of radiating
elements (network factor). The radiation results from the in-
phase addition of fields from each radiating element [3] and
dielectric resonator [4].

The power supply controls the amplitudes and relative
phases of these sources and creates the type of linear or flat
array antenna [5], [6]. There are two ways to power a linear
array, either in series [7] or parallel [8]-[10].

In this part, we consider a parasitic element patch-H antenna
fed by a microstrip line at 2.45 GHz. The proposed planar
antenna is used in a linear array of four equally spaced
elements for a UHF RFID application. The proposed antenna
array is shaped on an epoxy type FR4 substrate of thickness
1.6 mm and relative permittivity 4.4. The results obtained for
the reflection coefficient, the standing wave ratio, and the
radiation pattern are presented and discussed.

2. DESIGN AND CONFIGURATION OF THE ANTENNA ARRAY

2.1 Elementary Antenna Structure
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Figure 1: Organization chart of a patch antenna

The design methodology of the patch antenna that we
adopted is based on the insertion of the notches at the level
of the radiating element in order to improve its performance
in terms of adaptation and radiation pattern around a
frequency of resonance of 2.45 GHz (Figure 1).

The architecture of the proposed patch-H antenna is given in
Figure 2. For a better impedance matching, a simple
rectangular slot is introduced on the patch and makes it
possible to increase the effective surface area of the antenna.
An FR4 epoxy substrate having a height h = 1.6 mm, a
relative dielectric constant er equal to 4.4 and a loss tangent
of 0.02 is used for the design. We note that our elementary
antenna is excited by an axial microstrip line. The patch was
modeled under HFSS Studio and its dimensions were
adjusted in resonance at 2.45 GHz. The optimized

dimensions geometrics of the patch are given in Table 1.
Table 1: The size of the base antenna
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Figure 2: Base element of the network antenna: (a)
topology, (b) reflection coefficient

Figure 2 (a) and (b) show the topology and reflection
coefficient of the elemental patch antenna. It can clearly be
seen that the antenna resonates at 2.45 GHz and has a
bandwidth of 42 MHz to -10 dB.

2.2 Structure of the Proposed Network Antenna

Linear arrays are the simplest networks [8], [11]. We
consider a linear network consisting of N elements (or
sources) arranged along the x or y axis. The inter-element
distance d is assumed to be constant although it is possible to
make networks with a variable inter-element distance (Figure
3). Each source is represented by a power amplitude noted a,
and a phase shift ¢p.

Figure 3: Generic diagram of a linear array of antennas
[12]

To simplify the calculations, it is essential to eliminate
electromagnetic coupling between the sources and the
radiating elements. According to the superposition theorem,
the total field radiated by N elements at a point M,
considered at great distance, is equal to the vector sum of the
fields emitted by each source [13].

The total field radiated in the extreme zone of a one-
dimensional network is the sum of the different contributions
radiated by each element:

—jkrn .
Et(ev(P) = 22;01 En(ev(P) =A E;& aneTe_Jq)nfn(ev(P) (1)

Where f;, (8, o) is the characteristic function of the element n
of the network, A is a constant and ¢, is the electronic phase
of the source n.

In the case of the far-field approximation, the distances r; are
very little different from each other and this difference in the
amplitude term can be neglected. On the other hand, the term
which intervenes in the variation of the phase is not
negligible and is written [14]:

r, = r; + ndsin(0) 2

with d.sin(0) the difference between two successive elements
distant from d.

We deduce that the total field radiated by a network of N
identical and equidistant sources is:

o=

jkr . .
Et(e’ (p) =A )XTo F(e’ (p) E;& an e—](nd sin (0)krp+dn) (3)
0

r
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Total radiation is the radiation of a radiating element
multiplied by the network factor and is expressed by the
following formula:

e~ikrg

E.(0,¢) = A

F(6, @) AF “4)

r'o

The term AF represents the contribution of the network to
the radiation of the antenna. It is given by the following
relation [15]:

AF = ZE;& a e_i(nd sin (8)krp+n) (5)
A. Linear antenna array 1x2

The Figure 4 shows the geometry of an optimized 1x2
network antenna element. The popular simple power divider
having a characteristic impedance input of 50 Q has been
used to drive the two-element array antenna. Impedance
matching depends on the dimensions of the power divider.

The simulation of the evolution of the reflection coefficient
obtained through the simulation software HFSS of the linear
antennalx2 is given in Figure 5 (a). The results obtained
show that the S;; is in the order of -30dB at the operating
frequency fo = 2.45GHz.

Figure 4: Geometry of the 1 x 2 network antenna: W=
61mm; L= 64mm; d= 21mm; e=34mm ; f= 18mm
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Figure 5: Radiation characteristics of the array antenna 1
x 2: (@) Return loss, (b) Radiation pattern

In the second part, we are interested in analyzing and
improving the radiation characteristics of an identical four-
element patch antenna array using the same optimized patch
element in the first part of this work.

B. Planer antennas array 2x2

Figure 6:

Different topology of the network antenna 2x2
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Figure 7: Radiation characteristics of the array antenna
2x2 : (e) for the toplogie (a), (f) for the topologie (b), (g)
for the toplogie (c)

Figure 6 and Figure 7 successively represent the different
network antenna topologies 2x2 and their radiation
characteristics. Simple T-form power dividers with a
characteristic 50 Q impedance input are used to power the
four elements of the network antenna. The results obtained
show that the radiation pattern of the different topologies
represents two main lobes with a low gain.

C. Linear antennas arraylx4

Figure 8 shows the geometry of an optimized 1x4 network
antenna element. Three popular simple power dividers with a
characteristic 50 Q impedance input are used to drive the
four elements of the network antenna. Impedance matching

808

depends on the dimensions of the power splitters. It should
be noted that the improvement of the adaptation and the
distance between the elements of the network antenna makes
it possible to improve the performances of the radiations by
improving particularly the bandwidth and the gain.

Figure 8: Topology of the network antenna 1x4: W=
161mm ; L= 94mm; a= 44mm; b= 2.6mm; ¢= 3mm;
d=47mm; e= 2mm; f= 15mm; j= 13mm; g=2mm;
k=91mm; m= 11mm; n= 9mm; p= 2mm

The simulation results obtained for the linear array antenna
with four identical elements in terms of reflection coefficient
are confirmed by 3D software CST, and good results are
observed (Figure 9). Simulated standing wave ratio and gain
in a frequency range between 2 GHz to 3 GHz are
respectively presented in Figure 10 and 11. The results show
that the reflection coefficient reaches a value of the order of -
30 dB at the operating frequency with a range of 29 MHz,
the standing wave ratio is of the order of 1.06 and the gain
reaches a value of 6.6dB.

=
o
1

i
(&)

N
o

Return loss (dB)

N
o
1

@
&
1

)
&

T T T
2,4 2,6 2,8
Frequency (GHz)

N
[=]

2,2 3,0

Figure 9: Simulated S,;, parameters

The comparison of the simulation results of the reflection
coefficient obtained by the simulation software HFSS and
CST of the antenna are presented in Fig.9. The simulation
results obtained with the two simulation computer software
show a good agreement. As we can be seen, our antenna
works very well in the desired frequency f, = 2.45GHz with
a bandwidth of 66 MHz.
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Figure 10:

Standing wave rate as a function of frequency
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2 and 3D radiation pattern at f=2.45Ghz

Figure 11:

Table 2 shows the comparison of this work with other
published works. The antenna feed network proposed
remains identical to that presented in both literature with an
improvement in size compared to that presented in [8] and a
slight improvement of the gain compared to that presented in

[71.

809

Table 2: Comparison of the proposed work with published
array antenna

Parameters Ref [8] Ref [7] This
work
Antenna array 1x4 1x4 1x4
Resonant
frequency 2.4 2.26 2.45
(GH2)
Antenna
footprint 252x100 | 53.93x91.62 | 161x91
(mm?)
Relative - 10.18 2.8
bandwidth (%)
Gain (dBi) 14.5 5.10 6.6
Efficiency (%) 95.66 - 60
S11(dB) -39 -21.5 -30
D. Influence of inter-element distance on the

radiation pattern

We have seen that the networking of collinear antennas led
to the creation of a high gain main lobe, whose direction
could be modified by the excitation phase of each antenna.
Unfortunately, high-gain side lobes are also generated in
different directions. These side lobes reduce the gain of the
main lobe and generate parasitic radiation in directions
where the antenna should not radiate (Figure 12).
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Figure 12: Radiation patterns as a function of inter-

element distance: (a) d=47mm, (b) d=45mm, (c) d=43mm,
(d) d=31mm, (e) d=29mm, (f) d=27mm
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Figure 13:  Near field simulation results for various inter-
element distances: (a) d=47mm, (b) d=45mm, (c) d=43mm,
(d) d=31mm, (e) d=29mm, (f) d=27mm

The disappearance of the secondary lobes follows a
condition on the separation of the elementary elements of the
antenna:

A
1+|cos 8|

(6)

This condition leads to not spacing the antennas by more
than one wavelength. It tends to bring antennas as close as
possible. However, the closer they are, the closer the
couplings in the near field between antennas (Figure 13).
However, these will change the characteristics of each
antenna. There is therefore a compromise on the separation
distance to be found between canceling the side lobes and
reducing the coupling between antennas.

3. CONCLUSION

In this article, we have study and designed a new network
antenna structure. The patch H with slot and parasitic
element was used as basic element of our proposed antenna.
The simulation results obtained after an optimal geometrical
dimensioning of the supply network 1x4, using the HFSS
software, are very good and meet the desired requirements.
These results show that the reflection coefficient Si4 is of the
order of -31 dB at the resonance frequency, that the standing
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wave ratio of the proposed antenna is <1.5 in the frequency
band [2.432-2.457] GHz and that the antenna has a gain of
the order of 6.6dB. The bandwidth of the antenna is of a
width of the order of 66 MHz to -10 dB, therefore the
antenna is selective.
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