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ABSTRACT : The objective of this article is the synthesis of the radiation pattern of a linear antenna arrays with
parasitic elements, where the radiated elements are monopoles. The developed method of synthesis is based on
the method of Dolph-Chebyshev. This allows us to determine the values of the reactive loads to connect to the
parasitic elements so that the spatial distribution of the radiated power by the array satisfies the constraints
which we set. The obtained results using a CST microwave studio are compared with the same array but with
nonuniform feed. It is shown that the implementation using an effective technique of synthesis allows access to
the levels of performances close to the antenna arrays with nonuniform feed.
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I. INTRODUCTION

With the fast development of wireless technology rising the demand for communication capacity, strict
requirements have been raised and attached to the modern wireless communication system. As one of the most
important components, antennas in the wireless communication systems are desired not only to integrate
multifunction but also to have a low size to save space and cost [1, 2]. Specifically, to cope with the ever-
increasing demand for capacity, a high-gain intelligent antenna array is always expected. This array is capable
of steering its beam toward desired directions while simultaneously placing nulls toward undesired directions of
interference, thereby enhancing the signal-to-noise ratio of the desired signal [1].

Many emerging radio technologies require a significant effort on antenna miniaturization while keeping
an acceptable performance in terms of bandwidth, directivity, and efficiency. Such technologies are the Internet
of Things (loT), wireless sensors, Wireless Power Transfer (WPT), and low-power wireless communications.
The effect of the antenna gain (efficiency and directivity) on far-field Power Transfer Efficiency (PTE) can be
easily seen from the Friis transmission formula. Furthermore, it is demonstrated that using directive antennas
also improves the PTE in the near-field region [3].

Switched beam arrays can give higher gain than single elements and can be used to improve the
performance of small communication base stations and terminals. In addition, the Body Area Network (BAN)
using communication channels between two body-mounted antennas can also benefit. In [4], the path gain of the
antennas for two-body channels has been established, and the optimum antenna type was found to be a
monopole antenna for these channels. In this on-body or other terminal and base station applications, beam
switching can be used to increase gain and hence reduce link loss and battery consumption, or to reduce
interference or multipath. The disk-loaded monopole antenna has the advantage that the height of the monopole
antenna can be reduced significantly whilst still giving approximately the same performance as described in [4,
5].

Multielement antennas are widely used for years in wireless communications because of their
potentialities in terms of high gain beam scanning and complex beam shaping. Most applications of radiating
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arrays concern very large panels (more than 20 wavelength sides) with several hundreds or thousands of
elements because they are often dedicated to specific applications in the field of space or military missions. The
high number of elements allows a high beam scan resolution for radar [6, 7] or a well-defined contour to
optimize Equivalent Isotropic Radiated Power (EIRP) for beam shaping [6, 8].

Nevertheless, the need for moderate-size multielement antennas is growing because of the fast
evolution of the consumer telecommunication market. To obtain a high data rate, an antenna gain increase is
required. Moreover, as the devices including radiating elements must face a constant service evolution,
multielement antennas with reconfiguration capabilities and the moderate gain would be of great interest to
perpetuate telecommunications infrastructure for both end-users and operators (between 10-20 dB for a directive
pattern).

Regardless of the multielement antenna size, one of the main difficulties to tackle consists in reaching
the highest efficiency for the design and avoiding some phenomena like scan blindness, especially while
couplings are strongly impacting the performances. Furthermore, electromagnetic performance optimization is a
critical point to reduce the antenna cost, especially in the case of consumer applications.

Antennas with parasitic elements have been considered for years in the literature because they can be
used for several applications where a trade-off between overall volume, cost, and performances is needed, as for
consumer products. They are often a good opportunity to obtain a specific and fixed radiation objective, i.e.,
gain, polarization, radiation bandwidth, without introducing feed networks in the design as in a classical array
[9-11]. They can be used to perform electronic beam steering with only one excited element with parasitic
radiators including tunable reactive loads. Such a solution avoids the high cost and complexity related to a
beamforming network and has especially been studied for multiple-input multiple-output (MIMO) systems [9,
12].

In this article, we propose the determinist method for designing linear antenna arrays with parasitic
monopole elements. This proposed method, called Dolph-Tchebyshev method, allows us to minimize the level
of the secondary lobes of the radiation pattern in the antenna arrays with parasitic elements.

The rest of the paper is organized as follows: Section Il presents the geometry of the structure, the flow
chart of the synthesis method is presented in section 111, numerical results and discussion are given in section V.
Finally, section V provides the conclusion.

Il. GEOMETRY OF THE STRUCTURE

The geometry of the antenna arrays with parasitic elements is shown in Figure 1. The array is consisted
of fourteen parasitic elements and fifteen identical monopoles with the same length. Monopoles are quarter-
wavelength copper wire antennas with radius a = 0,691 mm, arranged in parallel and in a lateral coupling
configuration on a mass layout of rectangular shape copper. The active element, connected to a source RF (RF
port) of the tension V,, is located at the position (0, 0) which is the center of the plan of mass. In the meantime,
the parasitic elements (antenna’s number from 1 to 14) are not fed, but is connected to reactive loads jx;. The
positions (0, y;) of parasitic elements are:

_(7-dd, B8<i<14
YiTle-id, 1<i<7.

The current I,,., which circulates in each elementary antenna of the arrays, induces the currents in all the others.

The antenna with parasitic elements is modeled by a matrix of impedance [Z] of admittance [Y] or
coupling [S] made up of the mutual impedances Z;; and self-impedances Z;; or the parameters of coupling S;
where (i,j) € N X N.
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Figure 1. Geometry of the linear monopole array.

I1l. SYNTHESIS PROBLEM
The resolution of the problem of synthesis consists in finding the set of reactive loads jx; which would
help to carry out a radiation pattern diagram. The radiation pattern diagram of the antenna arrays F (8, ¢) in the

angular direction (8, ¢), is the linear combination of all the contributions of n elementary diagrams (q—ﬁl)
balanced of the weights ;.

F(8,9) = f(8, ) T2, I;e/(kdysinocose), ()
where £ (6, ¢ ) is the radiation pattern of an element and (0, ¢ ) is the observed angular direction.

I=YV, 2
where V. =[0...0 V, 0..0]" — XI isthe vector of excitations, X = diag[Z, jx; .« e e v jX14), Zo = 500Q
and ! = [10 11 [T 114]T.

The determination of these reactive functions jx; can be obtained from an algorithm of synthesis
compared to the objectives of predefined radiations. Thus, we deduce the values from inductances L; and
capacities C; to be connected to the parasitic elements according to the relations:

jxi 1
Li:% andCl:__,

jxiw

where w = 2rf, and f, = 2.5 GHz.

I1l. FLOW CHART OF THE SYNTHESIS METHOD

Figure 2 presents the flow chart of the method of synthesis developed for the antenna arrays with
parasitic elements. It summarizes the various stages of the method of synthesis. The first stage consists of
carrying out a multiport analysis of the antenna by a successive excitation of all the elements in order to extract
the matrix from coupling [S] and the elementary radiations diagrams given in the real environment. Then a
gauge of radiation is defined by the values of desired directivities. These data are then injected as parameters of
entry in a solvor developed under the Matlab environment. It provides the complex weights associated with the
reactive functions to be connected to the parasitic elements, and then calculates the resulting radiation pattern
diagram associated with the configuration. A stage of checking can be carried out to validate the synthesis. This
stage consists of introducing the reactive loads on the ports of the structure simulated within the simulator, a
full-wave CST-MWS.
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Figure 2. Flow chart of the developed synthesis method.

Elements Ray of elements Length of elements Position of array elements:
(mm) (mm) d, = 0.41
#0 0.691 27.8 (0,0)
#i 0.691 27.8 0y = (7-Dd, 8<i<14
\ Vi 8-0d, 1<i<7
< Plan of mass
Name Relative permittivity Relative Permeability Dimension
Copper 1 0.9999 400 x 25 x 0.035mm?3
< Substrate
Name Relative permittivity Relative Permeability Dimension
FR-4 epoxy | 4.3 1 400 x 25 X 1.6mm?

Table 1. The geometrical and radioelectric data of the designed array in CST-MW at the work frequency
f =25GHz.
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IV. NUMERICAL RESULTS AND DISCUSSION

Using a CST microwave studio, we obtain the geometrical and radioelectric data of the designed array.
The excitation of the elements is made using discrete ports and the distance of the inter-elements is fixed by
d,, = 0.4 to support the coupling [13]. Here, the parameter SSL,,,, , which is the maximum relationship of the
level between the main lobe and the secondary lobe, is fixed at 5 dB. Table 1 presents the geometrical and
radioelectric data of the designed array at the work frequency f = 2.5 GHz. It shows the followings: (1) the rays
and the lengths of the elementary elements including their various positions in the array, and (2) the dimensions,
the permeability, the permittivity of the plan of mass and the FR-4 epoxy substrate.

Table 2 gives the weighting coefficients (excitations) for the array with nonuniform feed and the
reactive loads for the array with parasitic elements, obtained by the Chebyshev method. The reactive functions
are translated by values of inductances or capacities, presented in the two last columns of the same table.

Linear antenna arrays with nonuniform feed : | Linear antenna arrays with parasitic elements :

g d, = 0.44 d, = 0.4

g Excitations with Dolph-Chebyshev method Reactive loads with Dolph-Chebyshev method

S || dy =044, ¢ =90° SSL,4 =5dB,N = d, = 0.44, ¢ = 90°, SSLyq = 5dB,N =15

* |15

Values of excitation a; in volt jx; | Inductance L, innH | Capacity C; in pF
#0 0.1116 Active element: I, =1V,
Z, = 31.698732 — j0.20836738 O

#1 1.0000 " 24.219
#2 0.0987 " 22.589
#3 0.1025 1" 23.921
#4 0.1057 1" 23.696
#5 0.1083 1" 23.332
#6 0.1101 1" 23.623
#7 0.1112 2.10 1"
#8 0.1112 2.10 1"
#9 0.1101 " 23.623
#10 0.1083 " 23.332
#11 0.1057 " 23.696
#12 0.1025 " 23.9221
#13 0.0987 " 22.589
#14 1.0000 " 24.219

Table 2. Excitations of the antenna’s elements array with nonuniform feed and reactive loads of the elements of
the array with parasitic elements using a Dolph-Tchebyshev method. Parameters used are d,, = 0.44, ¢ = 90°,
SSLypax = 5dB, N =15,and f = 2.5 GHz.

Figure 3 presents the coefficient of reflection of an antenna array with the parasitic elements where the
port of the active element is surrounded by 14 monopoles which are connected to the active loads. We note that
the coefficient of reflection obtained by the synthesis at the frequency f=2.5 GHz is —31.1382 dB with a
bandwidth of 278.17 MHz ranging from 2.3609 to 2.6391 GHz. This shows that the designed antenna is well
adapted for an impedance Z, = 31.698732 — j0.20836738 Q.
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Figure 3. Coefficient of reflection of an antenna array with parasitic elements.

Figure 4 presents the radiation pattern of the linear antenna arrays at 15 radiated elements with
nonuniform feed in polar coordinates by using the Dolph-Chebyshev method. It is seen that this radiation pattern

exists within the limits imposed with a difference between the level of the secondary lobes and the main lobe of
4.5786 dB for an aperture of 6.1 degrees.

Figure 4. Radiation pattern of the linear antenna arrays at 15 radiated elements with nonuniform feed in polar
coordinates by using the Dolph-Chebyshev method. Parameters used are d,, = 0.44, SSL,,,, = 5dB, and
@ =90°.

We present the radiation pattern of the linear antenna arrays at 15 radiated elements with one active
element and 14 parasitic elements connected to reactive loads in polar coordinates in Fig. 5 using the method of
Dolph-Tchebyshev. As shown in the figure, the radiation pattern exists within the limits imposed with a

difference between the level of the secondary lobes and the main lobe of 4.894 dB for an aperture of 63.9
degrees.
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Figure 5. Radiation pattern of the linear antenna arrays at 15 elements with 14 parasitic elements in polar
coordinates by using the Dolph-Chebyshev method. Parameters used are d,, = 0.44, SSLy,q, = 5dB, and ¢ =
90°.

Table 3 presents a comparison of the radiation characteristics of the array with uniform feed and the
array with parasitic elements synthesized by the method of Dolph-Chebyshev. We note here that the synthesis of
the linear antenna arrays (with nonuniform feed or parasitic elements) by the method of Dolph-Tchebyshev
allows to strongly reduce the maximum level of secondary lobes. The opening of the main lobe of an array with
parasitic elements is broader than that of an array with nonuniform feed which presents several secondary lobes
and a higher gain.

linear antenna arrays with linear antenna arrays with

nonuniform feed parasitic elements

SSLmax (dB) 4,5786 4,894

Gain (dB) 7,93 4,18

Angle of aperture 6,1° 63,9°
Direction of the main lobe 90° 90°

Table 3. Comparison of the radiation characteristics of the array with nonuniform feed and the array with
parasitic elements synthesized by the Dolph-Tchebyshev method.

V. CONCLUSION
In summary, we have studied the radiation characteristics of antennas array with parasitic elements
using the Dolph-Chebyshev method. Specifically, the coefficient of reflection and the radiation patterns are
simulated. We have compared the obtained results with the antenna array of nonuniform feed. We have shown
that by feeding only one port in the antennas array, we can control the level of the secondary lobes by
integrating the reactive loads into the ports of the parasitic elements. Thus, an antenna with parasitic elements is
a possible solution for the strong consumption of energy that the antenna arrays with nonuniform feed produce.

REFERENCES

[1] M. Li, H. Wei, J. Zhao, Q. Tao, and Z. You, “A Novel Linear Sparse Array with Reconfigurable Pixel Antenna Elements,”
International Journal of Antennas and Propagation, vol. 2020, pp. 1-13 pages, 2020.

[2] I. B. Trad, J. M. Floch, H. Rmili, M. Drissi, and F. Choubani, “Design of Reconfigurable Radiation Pattern Ring-Dipole Antenna
for Wireless Communication,” in Proceedings of the 2013 7th European Conference on Antennas and Propagation (EuCAP), vol.
1252-1255, EUCAP, Gothenburg, Sweden, April 2013.

[3] 1. J. Yoon, “Realizing efficient wireless power transfer in the near-field region using electrically small antennas, PhD dissertation,
The University of Taxas at Austin, TX, USA. 2012, available at: http://hdl.handle.net/2152/ETD-UT-2012-08-6167.
[4] M. R. kamarudin and P. S. Hall, “Switched Beam Antenna Array with Parasitic Elements,” Progress in Electromagnetics

Research B, vol. 13, pp.187-201, 2009.

Page 171

WWW.ajer.org



https://www.hindawi.com/journals/ijap/

American Journal of Engineering Research (AJER) 2021

[5]
(6]

[71
(8]
[9]
[10]
[11]
[12]

[13]

T. L. Simpson, “The Disk Loaded Monopole Antenna," IEEE Transactions on Antennas and Propagation, vol. 52, number 2,
542-550, Feb. 2004.
M. Thevenot, C. Menudier, A. El Sayed Ahmad, G. Zakka El Nashef, F. Fezai, Y. Abdallah, E. Arnaud, F. Torres, and T.
Monediere, “Synthesis of Antenna Arrays and Parasitic Antenna Arrays with Mutual Couplings,” International Journal of Antennas
and Propagation, vol. 2012, pp. 1-22, 2012.
R. J. Mailloux, “Electronically Scanned Arrays”, in Synthesis Lectures on Antennas #6, Morgan & Claypool Publishers, vol. 2,
number 1, pp. 1-82, 2007.
K. S. Rao and H. J. Moody, “Modeling of Shaped Beam Satellite Antenna Patterns,” IEEE Transactions on Antennas and
Propagation, vol. 35, number 6, pp. 632-642, 1987.
J. Chabane, F. Fezai, C. Menudier, M. Thevenot, and T. Monediere, “Direct-Synthesis and Design of Antennas with Parasitic
Elements,” IEEE Xplore: 41st European Microwave Conference, pp. 1-4, 2011.
J. T. Bernhard, “Reconfigurable antennas”, Synthesis Lectures on antennas, Morgan and Claypool Publishers, vol. 2, number 1, pp.
1-66, 2007.
M. Taromaru and T. Ohira, "Electronically Steerable Parasitic Array Radiator Antenna— Principle, Control Theory and its
Applications," Electronics and Communications in Japan (Part Il Electronics), vol. 87, number 10, pp. 1-4, 2005.
M. Mowlér, M. B. Khalid, and B. Lindmark,"Reconfigurable Monopole Array with MEMS Switches for MIMO Systems," IEEE
Antennas and Propagation Society, International Symposium, pp. 1-4, 2008.
S. J. Orfanidis, Electromagnetic Waves and Antennas, Rutgers University, 2014.

Jean-Francois D. Essiben, et. al. "Design and synthesis of the radiation pattern of the linear

Journal of Engineering Research (AJER), vol. 10(3), 2021, pp. 165-172.

|
|
| antenna arrays with parasitic monopole elements using a Dolph-Tchebychev method.”American
I
|
|



https://ieeexplore.ieee.org/author/38233206800
https://ieeexplore.ieee.org/author/38233205600
https://ieeexplore.ieee.org/author/37298981700
https://ieeexplore.ieee.org/xpl/conhome/6088932/proceeding
https://ieeexplore.ieee.org/xpl/conhome/6088932/proceeding
https://ieeexplore.ieee.org/xpl/conhome/4604650/proceeding
https://ieeexplore.ieee.org/xpl/conhome/4604650/proceeding

