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Abstract typically have low gain, low radiation

The work presented in this paper proposes the
design of single Inset-fed antenna and
antennas array with corporate feed network
based on accurate modified transmission line
model. The model developed is simple,
accurate and takes into account all the
characteristics of the antenna array and their
feed system. To test this proposed model, the
results obtained are compared with those
obtained by the moment’s method (Agilent
Momentum). The paper confirms the validity
of the developed model by presenting several
simulation results. The results obtained are
then exposed and discussed.

Key words: Printed Inset-fed antenna,
antennas array, transmission line model,
moment’s method (Momentum,).

1. Introduction

Microstrip  antennas  have  received
considerable attention to meet the current
demand for several applications, counting
electromagnetic compatibility (EMC)
measurement, radar, detection systems, and
broad-band communication systems. The
microstrip technology has many
advantages such as low volume, |light
weight, conformal configuration, low
cost, compatibility with integrated
circuits, and so on. Various kinds of
microstrip antennas have been
proposed and studied [1-6]. Microstrip
antennas that perform as a single element
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efficiency and a relatively large half power
beamwidth. In order to enhance these
parameters, microstrip antennas are employed
in fed array configuration to improve range of
the radiating structure and the gain. This
configuration gives a very advantageous form
of array fabrication because both the feed
network and the radiating elements can be
made photolithographically [7-8].

Various researchers studied their basic
characteristics and great efforts were also
consecrated to their determination (the band-
width, radiation, resonant frequency, ... etc) by
using theoretical models. These models can be
allocated into three groups. The transmission
line model is a simple model due to its
postulates. This leads to a set of low-
dimensional linear equations. This dimension
increases in the case of cavity model, which
converts the open antenna problem into a
closed one. Finally, the integral equation
model resolves Maxwell's equations directly.
The equations are hard to compute and the
dimension of the set is very large. The utility
of any solution, however, depends on the
accuracy of the results, as well as on the
simplicity of the method.

In this article, we examine the development
and design of single antenna as well as an
Inset-fed antennas array with corporate feed
network by using a simple, fast and modified
accurate transmission line model. This study is
a follow-up to a previous work that deals with
the development and design of a single
antenna [9].
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The interest of our design process is the
simplicity of the antenna and its feed structure
so that the antenna can be produced easily in
practice. Therefore, an Inset-fed patch antenna
with a microstrip line feed was considered as a
basic structure.

2. Three ports model of the proposed
Inset-fed antenna

The model used is inspired from the three
ports model [10]. On the figure below one
presents the suggested configuration:
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Fig. 1. (a) Inset-fed antenna. (b) Equivalent
circuit of the proposed antenna.

In the present work, the model consists of
decomposing the antenna into three areas a, b
and c. Consider each part to be an antenna
that terminates at its ends with a length AL due
to the radiation slot and a resistance in series
representing the value of this resistance in the
antenna extremity. The ameliorated model
consists in ignoring the radiations slots
between the areas b and ¢ and the feed line and
replace the resistances in series by their true
values due only to the areas b and c. So the
resistors will be Rinp and Rinc rather of only one
resistance Rin. The various values of the model
are given as follows:

The input resistance is given by:
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The expressions of G1 and By are given by the
relations below [10]:
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(4,5)

The conductance of a single slot can also be

obtained by wusing the expression field

derivative from model cavity. Generally, the
conductance is defined by:
2P

G, = o (6)

Vol

By using the electric field one can calculate
the radiated power:

2
V| 2 sin(K"zW cosej
= _[ sin® ado
2rn, cosd
(7)

The self conductance can be calculated using
the following expressions:

I
G =—2—
' 1207°
Where 11 is the integral defined by:

(8)
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2 Cos‘gj _ 9) 4. Simulation results and discussions
sin® @ do ) ) ) ) )
cosd In this section, simulations were established on
an Inset-fed antenna.
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The lengths of the slots for each region are
given by: 4.1. Inset-fed operating at the resonant

frequency 2.3 GHz
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The resonant frequency in this case for each
region is given by:
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Fig. 3. The mask layout of the Inset-fed patch

1 \Y

frp = . ° antenna design.
2Ly e Juoso 2Ly + AL e, The antenna is to be designed on substrate
f = 1 = Vo which has a relative permittivity & of 4.32, a
| 2L e, res,  2(L +AL e, dielectric thickness H of 1.6 mm, a loss
(13, 14, 15) tangent of about 0.018 and 0.035 mm
conductor thickness. Using the transmission
3. Array design line model, the antenna was designed to
operate with a center frequency of 2.3 GHz.
The antenna input impedance must be matched
to the feed line by choosing the correct
position for the feed point. As the antenna

Fig. 3 represents a mask layout of an Inset-fed
antenna operating at 2.3 GHz.

Ly,

An array of 6 antennas with corporate feed
network is used with as separation of
d =0.54, (4, is wavelength) to avoid the

coupling between the adjacent elements as must be powered by the microstrip, connection
shown in Fig. 2. To compute the input to a point inside the metal patch requires the
impedance of the printed antennas array, one use of an inset. The inset-feed technique
supposes to exploit the electric model are combines a patch antenna with a microstrip
equivalent of each aerial element established feed on a single planar substrate. The input
previously to lead at an electric complete impedance of the insert-fed patch varies,
modelling of the entire array. similar to the coaxial probe-fed patch, as the

feed line insertion depth changes.

Fig. 2. The mask layout for the antennas array
with corporate feed network.
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Simulated input return loss of the Inset-fed
antenna is shown for frequencies between 1.8
to 2.8 GHz in Fig. 4.
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Fig. 4. Simulated input antenna return loss.
The parameters are set to: W=29.4 mm,
L=30.9 mm, H=1.6 mm, S=0.57 mm,
W=0.57 mm, Yo=7.9 mm.

As shown in Fig. 4 (a), notice that the curves
are almost same the only difference reside in
the peak level, it is of about -13 dB by the
transmission line model and of about -17.5 dB
by the moment method. The two curves
predict correctly the resonant frequency which
is of about 2.3 GHz. Notice according to Fig 4
(b) representing the computed VSWR that the
two curves are almost identical. In the
neighbourhood of the resonance frequency, the
VSWR is close to unity, which corresponds to
an ideal matching.
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4.2. Inset-fed Antennas array operating at
the resonant frequency 5.45 GHz

The antennas array should be designed on
substrate which has a dielectric thickness H of
0.444 mm, a relative permittivity er of 4.6, a
loss tangent of about 0.005 and 0.05 mm
conductor thickness. The Inset-fed antennas
array architecture is shown in the figure below.
Simulated input return loss of the antennas
array is shown for frequencies between 5.0 to
6.0 GHz in Fig. 5. (a).
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Fig. 5. Inset-fed antennas array. (a) Computed
return loss of the Inset-fed antennas array.
(b) Computed VSWR. The parameters are set
to: W=16.28 mm, L=12.7 mm, S=0.42 mm,
Wi=0.42 mm, Yo=4 mm, W,=1.75 mm, d=29.19
mm, La2=1.04 mm, Lx1=8.35 mm, Lp=5.29mm,
Wp=1.75 mm.

According to the obtained result, one notices
that there is a good matching at the input Inset-
fed antennas array for the two models since the

amplitudes level is lower than -13 dB.

The simulated VSWR represented on the Fig.
5. (b) justified the obtained results by the
computed return loss.
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4.3. Inset-fed Antennas array operating at
the resonant frequency 6 GHz

In this section, other geometry is analyzed to
confirm the validity of the proposed method.
The permittivity and the substrate thickness
are 4.6 and 0.444 mm respectively and the
operation frequency is 6 GHz. A probe of 50
Ohm is employ to feed the antennas array. The
optimized antennas array layout is shown in
the figure below.

The simulated input return loss of the Inset-fed
antennas array is displayed for frequencies
between 5.0 to 6.8 GHz in Fig. 6. (a).
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Fig. 6. Inset-fed antennas array. (a) Computed
return loss of the Inset-fed antennas array.
(b) Computed VSWR. The parameters are set
to: W=12.4 mm, L=11.7 mm, S=0.8 mm,
Ws=0.8 mm, Yo=4.7 mm, W|=2.42 mm,
La=24.16 mm, Lap=1.04 mm, Lyx1=11.27 mm,
Lp=9.19 mm, Wx=1.3mm, W,=2.99 mm.

It is well observed that the resonance of the
antennas array is correctly predicted to 6 GHz
with a light shift by the improved model which
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is of about 5.9 GHz. It is a shift of 0.1 GHz.
Notice according to Fig. 6. (b) representing the
computed VSWR that the two curves are
almost  identical. Near the resonance
frequency, the VSWR is close to unity which
corresponds to an ideal matching.

5. Conclusion

In this work, a highly flexible and
computationally efficient transmission line
model is developed to analyze the Inset-fed
antenna array. The results show that the
transmission line model can be successfully
used to design the inset feed antennas array
and though the model is conceptually simple,
it always produces accurate results in a
relatively short period of computing time. The
results obtained showed excellent agreement
between the transmission line model and the
moment’s method. A comparison of the results
made up by the final model with the data from
the moment’s method showed the validity of
the proposed model. That permits the analysis
of very large arrays much on a rather small
computer. Based on these characteristics, the
proposed antennas array can be useful for
EMC applications.
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