Numerical Analysisby Method of Moment (MoM) of a Rectangular
Monopole Antenna with Parasitic L oop Elements

Karlo Queiroz da CostaVictor Dmitrie}, and Lorena de F. P. de Carvdlho
'Engineering Faculdade of Tucurui, Federal Universif Para, Tucurui, Para, Rua ltaipu
no 36, CEP 68464-000, Brazil, e-mails: karlo@ufpavictor@ufpa.br,
lorena.eng@hotmail.com

Abstract

Ultra wideband systems are characterized by tratismsignals with very short pulses, which are oated in

a range 3.1-10.6 GHz. Examples of these systemga@renunications, imaging, ranging and localization.
Planar monopole antennas are typically used inetlsgstems. This paper presents a numerical andlysis
Method of Moment (MoM) of a rectangular monopoléemma with parasitic loop elements to improve tiput
impedance matching. Details of the mathematicalehadd discretization of this problem is presentedioM
code was developed to analyze this antenna. Thectkaistics parameters calculated are: input irapee,
reflection coefficient, distribution of the supeiéil current density on the antenna, and radiadiagrams. The
numerical results obtained were compared with tliadeulated by the moment-method-based electrontiagne
simulation IE3D.

1. Introduction

Planar monopole antennas are generally used & wltteband (UWB) systems. These systems have a
spectrum ranging from 3.1 GHz to 10.6 GHz with adwidth around 106% [1]. Some types of conventional
planar monopole antennas are those with rectangadiaular, and triangular shapes [2]. The conwerdl
rectangular monopole antenna has usually a maximanadwidth around 80% (level —10dB) for a relation
W/L=0.7 whereW andL are the horizontal and vertical size, respectivefya rectangular monopole antenna
[2]-4].

Many techniques have been reported to increasemipedance bandwidth of the conventional planar
monopoles [5]-[7]. In [5] is presented three conmpatded-plate monopole antennas with 1:38 of badtw
The authors simulated the antennas by TLM method6]l the authors used a modified arrangement ¢d &
square monopole antenna to increase the bandwidth. software Ansoft HFSS was used for numerical
calculations. They obtained a bandwidth ratio alio8t3. In [7] is used a monopole antenna compbgetivo
connected rectangular plates. For this antennagetien loss level is less then —10 dB from abotd 30 GHz.

It was used the FDTD method to model this antenna.

In [8]-[10] is used a known technique of combinioghogonal electric and magnetic dipoles to
improve the impedance bandwidth of microstrip @nddr antennas. This technique is based on mimigitie
reactive energy stored in the near zone of theatadi

This paper presents a numerical analysis by Metifoloments (MoM) [11]-[13] of a rectangular
monopole antenna with parasitic loop elements torave the input impedance matching. In this moies
used rectangular pulse basis functions for the rfigf@ current and charge density of the antenhdlioM
code written in Fortran was developed for numerazdtulations. The characteristics parameters ateduare:
input impedance, reflection coefficient, distrilouti of the superficial current density on the angnand
radiation diagrams. The numerical results obtaimere compared with those calculated by IE3D [14].

2. Geometry of the antenna

Fig. 1 shows the geometry and reference systetheoproposed antennas analyzed in this paper. It
consists of a rectangular monopole antenna combiitackwo parasitic loop elements. The rectangpketich of
the monopole antenna has dimensions lehgihd widthW. The connection of this patch with the fed praobe i
realized by one strip of height and widths. This strip is positioned aEW/2 of the bottom side of the patch.
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Figure 1. Geometry of the rectangular monopolerar@tevith parasitic loops elements.
In this figure, the loop elements possess the sggoenetry, which dimensiorls andW;. The sizesv; andw,

are the widths of the vertical and horizontal strigespectively, of the loops. These loops are parallel plane
with respect to the rectangular patch, and thedist between the loops and patcti (Eig. 1).

3. Mathematical model
3.1. Integral equation of the electricfield
The MoM method was used to analyze numericallyathitenna proposed in this paper. This method is

based in the integral equations of the electromi@gpetentials. For the case of the geometry inyais which
is only composed by superficial conductors, théofeing equations were used

E =-jcA-Ogp (1)
. _e R
A:yojpﬁds @)
S
1 g IR
=—||lo ds 3
v so-g 4R 3)
a:—jiwuﬂﬁ (4)

where E, is the radiated electric field due the currentrees localized in free spac@, the magnetic potential
vector, @ electric potential scalarj the electric current density (A/myr superficial electric charge density
(CInf), Sthe surface off andg;, j the imaginary unitk = w (tb&)"? wis the angular frequency (rad/s), and

& are the magnetic permeability and electric penvitiyt in free space, respectively. The followingdgral
equation of the electric field is derived replac{@d(4) into (1)

_ ' kR 1 _ atikR
Er:—jwojéij—lﬂds+Dj—ijDDJilﬂds )

3.2. Solution by MoM
The problem to be solved is to find the electricrent density § ) on the conductive surfackof the

rectangular patch and loops of the monopole antshaan in Fig. 1, when a given electric fielth incident in
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the antenna. It is considered that the conductbtiseoantenna are lossless, thus the boundary thmmdin S is
(E, +E,) @& =0, whereg is a unit vector tangential ® The first step to solve this problem given by {Sig

MoM is to approachy ando by a finite linear combination in a given basisdtions. The expansions used in
this paper are

N, -1N N, N,-1

j _ X z J:'mP]n’méx + z J?,mPJn,maZ (6)
n=1 m=1 i n=1 m=1 ’
N, N, nm _ qn-1m nm _ qnm-1
g:—_i Z ‘]x ‘]x + ‘]z ‘]z Pgn,m (7)
JWhaim=1 Ax Az
where
prm — 1, Xygp <X<Xyypandz, , <z<z, 8
% 0 , otherwise (8)
nm _ 1, 7,4, <Z<Zy,andX, <X<X, 9
Iz 0 , otherwise ©)
prm = 1, x,,<x<x,andz,, <z<z,
7 0 , otherwise (10)

whereN, andN, are numbers of divisions along the directiarendz, respectively, andx = WIN,, Az = L/N,.
Fig. 2 shows the generic grid used to discretizestinfaceS of the rectangular patch and strip in Fig. 1. The
functions (8)-(10) are defined inside this grid.eTdiscretization used for the rectangular loop#inear, it
means the density current on the vertical and bot# sides of the loops possess only one compdpent,.
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Figure 2. Discretization of the rectangular pattthe antenna shown in Fig. 1.

Fig. 3 shows geometric detail used in each germnipent element of index | inside the grid (Fig. B) this
figure, the direction oP,” to P," is the same of the positive direction of the camate systems (¢or +y).
Substituting (6) in (5), applying the boundary citieth, and performing the line integral of the rkisg
equation in segmenhl; that connect the point8~ to P," is of a generic current elemeiit the following
equation is obtained
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Figure 3. Geometry of a generic element curreimaéx| of the grid in Fig. 2.

[E i = S0, a0, @,
i\ 1

(0" -0 -0+ d)")} (11)

0

whereN; = (N — 1) () + (N, — 1) NW) + Ny + Nigops is the total number of unknowh on the surface of the
rectangularnPatch wheidgps is the total number of current elements of thegp®dr his current density can be
3" Mor ;"™ From the Fig. 1, the following relation can beadbedH = (N, — 1)AZ+AZ. The functions® are

Py

1 e—ij,J
= (12)
Al 33 R,
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The variable®RR' s in (12)-(16) are the distances between the pdints —) of the current elemehto the points
(+ or -) of the current elemeadt If kR<<1, the following approximations can be used

1 (VAI? + A +4) (\/AI + 4 +Al)

=l Aixin —jkalxA | if 1= (17)
D12+ 22 - ) (\/AI2+A2 -
- kR
=47;|6R (Al xD) if 1#] (18)

The left side of (11) means the voltafy¢ applied between the poin®™ to P,*. When (11) is evaluated for
J=1, 2, ...N, is obtained one linear system of ortlerThe solution of this system for a given excitatfeeld

E;, produce the electric current density)(on the antenna. The coaxial probe is modeled Hgla gap of

voltageAV = 1V between the ground plane and the antenna.ddiia gap is localized on the first segment of
the lengthH near the ground plane (see the Fig. 2).
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4. Numerical results

Based on mathematical model presented in Sectlptwib MoM code was developed in Fortran to
analyze the following antennas: conventional mof®paanar rectangular and modified monopole planar
shown in Fig. 1. The numerical results presentethis section were obtained with the dimensier25mm,
W=17mm, H=1.25mm, s=1.89mm, L;=17mm, W;=8mm, w;=w,=2mm, and d=5mm. These antennas
(conventional and modified) were simulated by Mobdtle and IE3D. The numbers of the discretizatiord uise
the simulations with the MoM code afg,=9, N~=13, N=4, andN.,s<56. Others simulations, that are not
presented here, were performed to verify the cadeldped. These results were compared with thoEs-¢4],
and a good agreement was achieved.

4.1. Input impedance and r eflection coefficient

Figs. 4 and 5 show the results of the input impeda@;,) and module of the reflection coefficient |}
respectively, obtained by MoM code and softwareDEBhe Characteristic impedance of the input lieeding
is 50 Ohms. In Figs. 4 and 5 is noted a good ageeeimetween the results obtained by the MoM codketha
software IE3D. These figures show that the resofraquency of patch is near tfe3GHz, and the resonant
frequency of the loops is near th&GHz.
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Figure 4. Input impedance of the planar monopdbgsConventional. (b) Modified with loops.
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Figure 5. Reflection coefficient of the conventioaad modified planar monopoles.
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One can observe from these figures that the baftdwnhatching of the conventional and modified
antenna are approximately 80% and 90% respectigely,the input matching of the modified antennbeter
than the conventional antenna. In Fig. 5, the ctifl@ coefficient of the modified antenna is bele®hbdB in all
the bandwidth approximately.

4.2. Current distribution

Fig. 6a shows the module of the current densityaoh current element of the rectangular patchef th
modified antenna in the frequenty4.54GHz. In this figure, the current elements frbrno 4 are of the vertical
segment, the segments from 7 t4,+N, X (N,—1)=108 are the compone}f'™ and the others current elements
are the components™™. The current element index &f"™ and J,""increase from the left to the right, and from
down to up, in this order. From this figure it istad that the module of the componedfs" are smaller than
the component3,™™ this means that this antenna possess approxivaibl vertical polarization.

To observe the variation "™ near the fed line of the rectangular patch, tlge 6 shows the module
and phase of this component in the current elenfeots 5 to 40 in frequenci=4.54GHz. It is observed from
this figure the symmetry of thg™" component in the axis near the poink=L/2, and the maximum value of
J™™ is near this point. The phase is also symmetitcedspect the poin=L/2. The module of the components
J"™andJ,"™are shown in Fig. 7, and the Fig. 8 shows in asrtivis current density it¥4.54GHz..
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Figure 6. Variation of the current density on teetangular patch of the modified antenna versusximd the
current elements ifr4.54GHz. (a) index from 1 to 216. (b) index fronto540.

(b)
Figure 7. Module of the current density on theaagular patch of the modified antennds4.54GHz.
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Figure 8. Module of the current density in arrowstioe rectangular patch of the modified antenna in

f=4.54GHz.

4.3. Radiation diagrams

The radiation diagrams of the conventional and firdlimonopole antenna are show in Fig. 8 and 9

respectively. These diagrams were calculated inriuglle of the bandwidth of each antenna, on tlamedxz
andyz (Fig. 1).

From this figures, it is noted that these anterpssess only vertical polarization, and the diagram

have approximately ominidirectional pattern. Thagidams for the conventional monopole (Fig. 8) pesse
symmetry on both planes, and the diagram of theifirddantennas on the playe (Fig. 9b) has asymmetry
due the loop elements.
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Figure 9. Radiation diagrams of the modified rectdagmonopole antenna with loopsfit.54GHz.
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5. Conclusions

This paper presented the numerical analysis by detdi Moments (MoM) of a modified rectangular
monopole antenna with two parasitic loop elemeBésed on MoM model, it was developed a code inr&ort
to simulate the antenna. The numerical resultsiddafrom this code are in good agreement with éhos
calculated by the software IE3D and with data i@ literature calculated by others techniques. Thodified
antenna analyzed in this paper presented largedvidth and better input matching then the convenatio
rectangular monopole antenna with same dimensions.
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