JOURNAL OF KUFA - PHYSICS, Vol.10, No.1 (2018) Raed M. Shaaban Zeki A. Ahmed Wa'il A. Godaymi

Contribution adjlacent modes for circular microstrip antenna
oaded by two annular rings

Raed M. Shaaban Zeki A. Ahmed Wa'il A. Godaymi

Basra Unv./Sci.Col./Phys.Dep
mus.raad@yahoo.com

Abstract:

In this paper, theoretical study of circular microstrip antenna loaded by two annular rings
(CMSALZ2AR) and calculation the contribution of the adjacent modes and studied positively or
negatively affected on the antenna's coefficients (Bandwidth and Directive Gain).The proposed
antenna using principle equivalence with moment of method formulation of electromagnetic radi-
ation to find unknown electric current density on the conductor surface , and both unknowns
electric and magnetic density current on the dielectric surface which are responsible for the gen-
eration of far fields radiation in the space for the components (Es ,E,) . From the radiation pattern
can be calculated with contribution of the adjacent mode. The directive gain increased to (G=
19.92 dB) and bandwidth has been better (BW%= 19.9%) when this contribution is affect posi-
tively at the ratioR,,=5.5 and R,,=6.5respectively.
http://dx.doi.org/10.31257/2018/JKP/100106
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1. Introduction

In recent years, the microstrip antenna is one of the
most important type's antennas that took a great inter-
est in both theoretical, experimental researches and
engineering applications due to lightweight, small size
and ease manufacturing. A microstrip antenna geome-
try consists of three main parts in its simplest case.
The first part is a radiating patch, which is usually
made from a good conductor materials printed on one
side of a dielectric substrate, which is the second part.
The third part is a ground plane, which is also made
from a good conductor printed on the other side of the
dielectric substrate, [1, 2].Also the microstrip possess
a very narrow frequency bandwidth and low efficiency
also .There are many methods that significantly re-
ducing the effect of the problem mentioned above ,
and many researches have devoted their studies to im-
prove these coefficients. A number of theoretical and
experimental researches have been done to improve
the bandwidth of the antenna [3]. Loading of shorting
pins and stacking of patches are some techniques to
increase the bandwidth of microstrip antennas [4]. Dif-
ferent shapes of slot loading in fed patch also enhance
the antenna bandwidth [5].In this paper, using loaded
to the patches as in proposed antenna (circular mi-
crostrip antenna loaded two annular ring) is used.

2. Antenna Design

The antenna under test is designed as a circular mi-
crostrip antenna loaded by annular rings conductor.
The dimensions of these rings were chosen for im-
proving the antenna parameter as the band width, and
directive gain as shown in Figure (1).This Fig shows a
different dimension for the loading radiated region of
the antenna and the dielectric spaces. This dimension
can be substituted by certain percentages to include all
the important components parts of the antenna which
were used to calculate the radiation fields and all the
parameters of this antenna .The value (R,;,) represents
the ratio between loaded patch region radius (b) and

the circular disk radius (a). This ratio has great influ-
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ence in improving the antenna coefficients because it
represents the controlling of the region of electromag-
netic coupling between the external and internal rings

with the circular disc .The value (ab:abl+ab2)

which is the sum of the two rings width, and (h;,3)
which is the total dielectric layer region between the
conductor part of the patch (hy, h3) is added this to
the outer substrate (h,) , are important parameters that
effect positive or negative on the result .
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Figure (1) Proposed antenna design.

L Ng=Na1+ Nax+ Na3

3. Mathematical Analysis

The theoretical studies to solving the electromagnetic
problem issues previously is based on Method of Mo-
ment is used here to solve the electromagnetic prob-
lem of the field components is distributed on the sur-
faces of aCMSALZ2AR.

The high calculations ability of this method in solv-
ing the integral equation, since it included all the
boundary conditions of the current densities on differ-
ent surface and the easiest in suggesting the test func-
tions as the conjugate of the basis function, according
to Galerkin's model. This made it as the most im-
portant numerical techniques in addition to the help of
the body of revolution principle and the application of
equivalence principle. Now we will represent the elec-
tric and magnetic fields in these calculated the volume
V by the electric and magnetic equivalent surface cur-
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rents, these currents are defined as [6] :
Js = f X Hy , onS ... (1a)

M, = —aAx E, , onS ... (1b)

Where J.,M, represent electric and magnetic sur-

face currents densities respectively.

According to the equivalence, principle will be divid-
ed as two regions. These regions are a finite region of
volume V¢and a finite region of volume V¢ as shown
in figures (2) and (3).
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Figure (2): Equivalent for region V°,

Table (1): The distribution of basis function for ex-
ternal equivalence region.

Basis function Location Symbol Equivalent
number symbol
N, +N, Ground plan N, Ny=N,
N3+ N, Dielectric(N,,) Ny Np=Ny;+Ny
Ng+Ng+N; External annular Ny Ne=Ng+Ny,
ring
Ng Dielectric (N ;) N Np=N¢+Ng
Ny +Nyo + Ny, | Internal annular ring Ny, Ng=Np+N,
Ny Dielectric (N43) Ny Np=Ng+Ng;
Ny + Ny Circular patch Ny3 Ny=Np+Ny
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Figure (3): Equivalent for region V.

The microstrip antenna under test consists of a con-
ductive material such as the patch, the ground plane,
and two annular rings as well as the dielectric sub-
strate between them. Because of these different sur-
faces, two types of boundary conditions must be satis-
fied. These conditions require vanishing of the tangen-
tial electric field component on the conductor surface,
while the magnetic and electric fields continuity on the
dielectric surface. The polarized currents within the
dielectric surface and the current density on the con-
ductor surface IE .Therefore the boundary condition
equation for antenna can be described as follows [7,

8]

Table (2): The distribution of basis function for in-
ternal equivalence region.

Basis function Location Symbol Equivalent
number symbol
Nis=N,-1 Ground plan Ny Ny=Njs+1
Nig=N;+N, Dielectric(N,,) Nay Np=Ny+Ngy
Ny =Ny -2 | External annularring | Ny |Nc=Ng+Nyp+2
Nig=Ng Dielectric(N,;) Ng Np=N¢+Ng
Nyg=Np; -2 | Internal annularring | Nig |Ng=Np+Np+2
Nypp=Ny Dielectric(N ;) Nas Np=Ng+Ngg
Nyy=Nps—1 C1rcularpatch Ny N=Np+Ny+1
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fi x E¢ = Oon Sce - (2a)

(2b)

(2c)

(2d)

Where A is the unit vector normal to the conductor

and dielectric surface.

The surface equivalent electric and magnetic currents
are:

AX E%*=00nS, ..
AXE*=7xE°nSg, ..

AXH® =7 xHnS,, ..

fce =fi x H%on Sce - (3a)
Joq = A X HnS,q ...(3b)
fde =AxH® on Sye .. (3c)1\7

—fi X E€on Sy ... (3d)

The equivalent electric currents (J_,J,,,J,,) are gen-

ce’

erated on the conductor and dielectric surface where

the equivalent magnetic currents M is generated on
the dielectric surface only. Applying the equivalent
principle on internal and external equivalent region of
the problem yields the integral equations as follows:
On the generating curve of the surfaces (S.. + Sge)
for the external region:-

AXE¢(Jee + Jaer M) = 0 ... (40)
AXH(J e + Jger M) = 0 ... (4)
On the generating curve of the surfaces (S.q + Sge)
for the internal region:

AXEY~Joq = Jaeo—M) + A X EZ(J'4,0) = 0
.. (4c)
AXHY(~Joq = Jger—M) + A x H4(J14,0) = 0
.. (4d)

Where H(3,M) and E&(J,M) represent the mag-
netic and electric fields due to the currents J and M,
radiated in media characterized by (u,,¢&,) .The sym-
bol (a) represents the radiation media characterized
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by (u,,2) and (ug.e,) , while A*(J“0) and
E?(J"™0) represents the magnetic and electric fields

due to the currents of the feed (J) .
Reformulate equation (3) for the equivalent surfaces

(S5, S4) gives:
o [2(N-Ngz—10)
Gee +Ja) = ). Z 1T
=60
2(Ng—4)
+ 2 Lzl (5a)
o [2(N-Ng-10)
Ueca +Jae) = Z Z LT
ne—oo
2(Ng—4)
+ Z L2 (5b)
o 2(Ng—4)
Z Z Kby . (5¢)
T

Substitute equation (5) in to equation (4) and using a
Galerkin’s method which is one of the most appropri-
ate calculation methods for the selection of the weight
functions (w = J*) to get [9].
W(t, ) = W't @) + W?(t, )

oo N-14

=) ).y

m=-oo j=1

+ W2t 9)] o (6a)
Wit @) = o fj(©)e /™ ... (6b)
Where,  fi(t) = Z2 Gl (6¢)
and
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2(Ng—4) [2(N-N4-10)

Yol e e o)

j=1 i=1
+ W35, H (T, 0))}
2(Ng—4)

+ Z {{I’"'<W7§j' ﬁfan(?mf: 0))
i=1

+ LW, B (38,0}
2(Ng—4)

+77€ Z {Kni(WSj'ﬁfan(Owﬁni))
i=1

+ Kni(erjr ﬁgan(o' Mm))}

= (Wﬁgj' ﬁgan(iid))

Linear equations (7) can be written in the following
matrix form:

[TunllIn] = [V] - (8)

The impedance and admittance submatrices are repre-

sented in a square matrix [Tn], the unknown expan-
sion coefficients of J and M are given in a column

matrix [I,,]. Also, the excitation matrix is in the form

of a column matrix [17,].
And can be written as:

_[Ziz,ce ]n [O]n [Zzs,de ]n Ne [Yc3ee,de ]n
o, [z8.]  [z%.] nelY&,]

T |=

7] [

le 1d 2e 2d 3e 3d
Zde,ce ]n [Zde,cd ]n [Zde,de + Zde,de ]n ne [Yde,de + Yde,de ]n

le 1d 2e 2d 3e 3d
[ de,ce ]n [Yde,cd ]n [Yde,de + Yde,de ]n ne [Zde,de + Zde,de ]n
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B [I le ]n T
[I 1d ]n

and,

el
Al
ie]

Where (z** ,Y*) and (™, Y*) submatrices represent
the calculation of impedance Z and admittance Y due
to the electric (for Z) and magnetic (for Y) surface cur-
rent densities on the surfaces S¢e (exterior media) and
Seq (interior media), respectively. Also, (Z*¢ ,Y**) and
(z*° , Y*) submatrices represent the calculation of
impedance Z and admittance Y due to the electric (for
Z) and magnetic (for Y) surface current densities on
the surface Sg for exterior or interior media, respec-
tively. While (2% ,Y3®) and (z** , Y*%) submatrices rep-
resent the calculation of impedance Z and admittance
Y due to the electric (for Y) and magnetic (for Z) sur-
face current densities on the surface Sqe for exterior or
interior media, respectively. The first and second pairs

of supplements {(cece), (cede)s (cacd)-.-...+ refer to the
field and source surfaces, respectively. The index n

denotes the number of azimuthal mode, and V.3,V 1

d s .
and | 4, are the excitation submatrices, due to the elec-

tric and magnetic field sources on the surfaces, Scg, Sqe
from the interior region. As was mentioned previously
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in this chapter, 1'®, 1" 1 and K are the unknown co-
efficients of the equivalent electric (on the S¢e , Scg and
Sq¢e Surfaces) and magnetic (on the Sge surface only)
current densities, respectively.

The radiation fields are calculated at the far field
region (Eo, E,) from induced electric and mag-

netic currents flowing on the surface of the con-
ductor and the dielectric of the antennas so [11]:

o= ——iwe e "°E(0,,4,) ... (12a)
T,
o

E¢:_—J He g 0F, (0,,4,) ... (12b)

Ay

(o]

Where F,(6,,4,) and F,(6,,4,) are the integrals that

represent the measurement coefficients carried out
over the external surface of the CMSAL2AR in this

form:- o

F1(901¢o)=J.[j(f')-é+iM(F’)-$je " ds. .. (13a)
. n

Fz(901¢0)=I(J(r’)-¢3—nlM(r')-éje " ds .. (13b)

where S is the exterior surface of the antenna, f a
unit vector directed from the origin to the field point,
and @ ,¢. are the transverse unit vector in the direc-
tion of increasing @ and ¢, respectively.

Results and Discussion

The proposed design, which study the contribution of
the adjacent mode, shown an increased whenever the
interference between them and the main mode occurs.
This contribution will be effecting positive or nega-
tively on the antenna's coefficients. This contribution
of the adjacent mode will be calculated here for the
CMSALZ2AR excited byTM, ;-mode.

Figures (4a),(4b),and(4c) show the contribution of the
adjacent modes TM,,, TM,, with the main mode
TM, ;for the ratio R, = 5.5, and different (ab/ab,) ,
which has been in the range value of (-18 dB— -
22dB) for TM,; mode and non-significant for the
TMp, mode as recorded in Table (3). The table shows
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the contribution of the adjacent mode interference val-
ues with the main mode for different ratios (R,). The
contribution of TM,; — mode was effected positively
on the directive gain of the propose antenna specially
for the valuesab/ab; = 3.5.

Also Figures (5a),(5b),and(5c) represent the contribu-
tion of the same adjacent mode TM,,, TM,, for ratio
R, = 6.5, and different (ab/ab,) value, which has
been in the range value of (-30dB — -38dB) . This is
non-effective contribution on the antenna parameter,
which mean that there is no interference of the adja-
cent mode with the dominant mode.

Also Table (4) shows the best value for the gain
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Figure (4): Contribution of the adjacent modes
with the resonant mode TM11 of the CMSAL2AR
for the ratio R_ab=5.5 ,and different (ab([ab)_1)).
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Figure (5): Contribution of the adjacent modes
with the resonant mode TM11 of the CMSAL2AR
for the ratio R_ab=6.5 ,and different (ab([[ab)_1)).

(G=19.92dB) was obtained for the
cient (R,, = 5.5), while the best value for the band-
width (BW = 19.9%) was obtained for (R,, = 6.5).
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Table (3): The contribution of adjacent modes in-
terference with TM,, mode for different values of

the ratio R, , and (ab/ab,) .

Fae | ab/abl

Contribution mode
E-plane

Contribution mode
H-plane
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Table (4): Radiation patterns parameter of
CMSALZ2AR excited by TM;; — modefor different
ratio of R,, and(ab/ab,).

Antenna ab/abl HPg? HPg? Directive BW%

Type (deg) (deg) gain (dB) 5=1
CMSALIAR [ 1732
(Ru=55) 64 1992
66 19.3

Conclusions

In this paper CMSAL2AR is designed using the mo-
ment of method and simulation by using Fortran 90
language .The contribution of the adjacent mode was
of positive effect at the ratio and .The bandwidths
and directive gain increasing to (19.9%) and
(19.92dB) respectively.
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