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ADStract:

Two theoretical analysis methods; Aperture Field Method (AFM) and Induced Current Method

(ICM),have been studied for obtaining the radiation fields of parabolic reflector antenna fed by two

types of microstrip antenna.

Calculations have been made of the radiation parameters and patterns of parabolic reflector, when

exciting its surface by Circular (CRMA) and outer shorted Annular(ARMA) Ring Microsrtip Antenna.

These calculations give the best results, for the aperture diameter (D=201) and ratio (f/D) that taken at

edge illumination about

(-3dB). As a result, both methods are in a complete agreement in studying

of radiation patterns in principle planes (E and H) at far-field region.
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Introduction:

In general, the Antennas play a very
important role in the field of communication
system. Some of them are parabolic reflector
and patch antenna. The performance and
difference in the radiation parameters of
parabolic reflector antenna is depending on the
type of feed elements that used for exciting its

surface (Ghobrial et al., 1989 ;Kooi et al., 1987)

In other hand, the patch antennas such as

microstrip have been receiving much attention
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due to its many conventional valuable
properties like low-profile, light-weight, slim
size ,and reasonably cheep to manufacture (Lo
etal., 1979 ;Lai et al., 2008) .

In addition, the microstrip antenna that
operates as a single element suffer from same
drawback like narrow frequency low gain and
low radiation efficiency (Kumar et.al. 2006).
Two types of microstrip antenna  have been
used as feed element of reflector antenna with
small (f/D); the first one is Circular Ring

Microstrip Antenna and the second is outer
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shorted Annular Ring Microstrip Antenna .A
CRMA shown in Fig.(1) is characterized by a
single parameter, namely it’s radius (a) and
thickness dielectric (t). Consequently, this study
dealt with theoretical analysis of radiation
characteristic of parabolic reflector antenna
excited by circular and annular microstrip
antenna that placed at the reflector focal point.
This analysis was carried out by applying AFM
and ICM methods.

Analysis of the radiation fields

The theoretical analysis of the radiation
pattern of parabolic reflector antenna has been
studied by applying two methods (AFM), and
(ICM).

1- Aperture Field Method
The first method in analysis is known as the

Aperture Filed Method which is based on the

A-Circular Ring Microstrip Antenna

_jko
E _,nVokoae re
pf = 2

Where V.=1tJ, (ka)E.

V. is the edge voltage at (a, 0),

t is the thickness of dielectric substrate,

knowledge of the tangential field component at
aperture plane of the reflector (Obaid, 1985) .
The structure diagram which is used in the
theoretical analysis study is shown in Fig. (2).It
consists of a microstrip antenna with radiating
patch has a circular segment of radius (a) and
dielectric of thickness (t) and paraboloid
reflector with circular aperture. The microstrip
is centered at the origin coordinate
system(Xs,Ys,zf) located at focal point of the
parabola as a primary feed, while, the
paraboloidal reflector is centered at the another
origin coordinate system(Xa,Ya,Za) Which is
assumed setup in the far-field region of the
primary feed CRMA and ARMA. The radiation
field components that radiated from exciting
sources have been computed by applying the
Simple Cavity Model (SCM) (EI-Khamy et al.,
1986;Zakaria et al., 2008) ,as the following:

cosnef [Jn+1(koa sin@f )—Jn-1(k.asin@s )] (1-a)

cos@fsinng f [Jn_l(koasinaf )+ In+1(koasiné¢ )] (1-b)

Jn is the Bessel function of the first kind of order n,

k,k. is the propagation constant in the dielectric and the free space.
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The resonant frequency fn, of a CRMA can be expressed as (Lai et al., 2008):-

Where Xmn 1S the zeros of the derivative of the Bessel function J,
C is the speed of light in free space
g, 1S the relative permittivity

Also for dominant mode TM1; Xmn =1.4811.

And t=1.59mm, E¢=1, & =53, 7Z.=10m .

B -Outer Shorted Annular Microstrip Antenna

n Eokot e'jk°rf
Bor =17 —5 7 cosnlef -9:)a Fam(3)Bm (2-a)

-JKorg
. n E k.t e .
Eps =—i" =5 F sin n(ef -@.)a Fnm(a)Byp (2-b)

Where F, (a) is defined by

Fnm (a)=Yn(kb)Jn(ka)-JIn(kb)Yn(ka)
Bm =Jn-1(keasin@f )-JIns1(k.asinds )
Bp =Jn-1(keasin@t )+ JInt1(k.asinfs )

Where Y/, is the Bessel function of the second kind of order (n), a and b are the outer and inner radii,
and for the dominant mode TM1; Ki=Xmn =3.5133.

The electric field incident on the reflector surface at point P(r, ,6, @, )is given by

m

i =0Egs +$Ep;

Ej= >‘<f(E9f Cos@f cospf —Egpe singf )+ 9f(E9f Cos@f singf +Egps COSpf )

+1,(-E,, sing; ) 3)
In order to, describe the reflection process for reflected electric field (E,) at point (P) followed
large reflector(D>>)), the geometric optics to a number of conditions (Stutzman et al.,
principle can be applied and the relation 1981) .

between the incident electric field (E;) and the
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As a result, the reflected electric field with constant amplitude and different phase gives:
Er = Xf(Egs cos@f +Egpg singf )+ Vf(—Egs sinpf —Egpg cOspf) 4)

The tangential electric field E; at the point ( e *P?) s calculated from the reflector

Q(p,p")in the aperture plane , after the surface as

reflected ray reaches point Q with phase delay

Er =e JKPQg; (—Egy cospf +Egp¢ sings )+ (~Eg; singf —Ep¢ cosps )] ()

It is particularly useful to describe the E; at point Q, which is located at center of the circular aperture
by:

Et =e_jk°PQ[>“<a(ng cos¢'—E¢]c sin¢')+§/a(—E9f sing’ + Eps cosg')] (6)

= - jkoPQr ¢ a
Et =e PR, Eax + §aEay]
The electric vector potential (F) is set up at an observation point P(r,0,¢) due to the magnetic

surface current density ( M), which is associated with ( E, ) on the aperture of parabola, is

(7)

If _ e_jkor

st ejkopsmecos(¢—¢ )pdpdw'
sa
And Mg=-AxEt(p,0")

47
F=XF, +JF,
Where Fy and Fy are defined by

_jkor —jkor
_€e _e
= X Py ="2a Py

Fx

27 Ty . . ,
Py = J‘ J‘ Eax o Jkopsin@cos(p—¢ )pdpd¢,
00
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ejkopSIHHCOS(qD [ )pdpd¢

The scalar radiation electric field in the far-field of parabolic reflector antenna fed by circular and

annular microstrip antenna gives
Eg =—Jko (— Fx sing+ Fy cos¢)
Ep = jKo (cosH(FX cosp+ Fy sinqo))

2-Induced Current method

The second method in this work paper
analysis, is known as (ICM), which is based on
calculates the radiated field from the electric
current induced on the reflector surface due to
the primary field of the feed (Hongo et al.,
1987). Fig.(3) shows the structure which is used
in ICM analysis method .
The electric surface current density (Js)on the
reflector surface of paraboloid reflector antenna
is related with the magnetic field (H) by
equivalent principle (Stutzman et al., 1981) as :
J,=AxH,
Where (1) is the normal unit vector at point on
the reflector surface. As a result, the magnetic
field set up at the pointP(r,,0; ,p, ) is given
by

34

(8-a)
(8-b)

Where (H, ,H, ) are represent the radiation

fields component that radiated from microstrip
antenna, which are used to excite the parabola

surface and associated with (E, ,E,) as:

Ept o
Hot = A Hoy = /7,

The tangential magnetic field (H; at point
located at the vertex of the

(X,Y,,Z,), yield

paraboloid

His = XsHxs + YsHys + ZgHzs ©)
Where

] .
H s = cos @g COSZ( %)Hgf +sinpsHy ¢

. of
Hys =singsg 0052( /2)Hgf —cospsHep ¢

0 0
H 75 = sin( fg)cos( %)Hgf

Using equivalent principles the electric surface

current density on reflector surface is given by:

Js =XgIxs + 9sJys + 2575 (10)
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Where
: 0 6
Jys = 2[sings sin ( %)HZS _ cos( %)Hys] (11-a)
0 i 6
Jys =2[cos( fé)HXS— cosg f sin ( %)st ] (11-b)
. Of X
Jzg =2[cosgf sin ( 5 JHys —cosg§ cos( 5 YHxs ] (11-c)

components of the induced current density in
Eq.(11) are the main source of radiation in an

observer point P(r,8,p) and source of the

a2 4

_jkor .
€ [3s(ps.os) elke T 1" ga
s

Ap = 2ar

Where f.r' = pg sin@ cos (¢ - @5 )+ pg cos@ cota

2 4Fpg cota

And da=csc” all+

02 +16F 2

psdpsdes

magnetic vector potential in the same point

which can be written as:

(12)

So that, the component of the magnetic vector potential (Ap )is given by

Ap = RsAxs + JsAys + 25 Ags

(13)

expressing Eq.(13) in spherical coordinate and retaining only (6 and ¢) components of Ap gives :

A9p =050 cosp Axs +c0s@sing Ays -sing Azg (14-a)
Ap 0 =" sing Axs +C0os@ Ays (14-b)
Consequently, the radiation electric fields in far-field region can be written as :

Eg = -JjkoZ, [ cos@cosp Axs +C0s@sing Ays -sind Az ] (15-a)
Ep=-ikeZo [ —sing Ays+cosp Ays ] (15-b)

Result and discussion

Theoretical results of the radiation field

patterns of a paraboloid reflector antenna



Basrah Journal of Science (A)

Vol.30(2),30-43, 2012

operating in (L0GHz),excited by Circular Ring
and Annular Ring microstrip antenna are
operating with TM11 mode, are obtained by
Eq.(8)
Eq.(15),which are obtained by the use of AFM
and ICM method as a mathematical model.

numerical evaluation of and

Fig. (4) and Fig.(5)show the radiation patterns
of parabolic reflector with (D=20 A) and ratio
(f/D) were taken at edge illumination (-3dB)and
(-6dB), excited by a Circular and outer shorted
annular microstrip in the planes E(¢=90)and
H(9=0)
@=45).These patterns are given a complete
agreement between AFM and ICM for both

also in (co-polar and cr-polar

feeders(excited sources).
Fig.(6)and table (1) are show, the comparison
radiation field

between the patterns and

parameters of the paraboloid reflector fed by
CRMA and ARMA in principle planes at the
best results ,that are chosen at the ratio (f/D)
taken at edge illumination (-3dB) and parabola

diameters(20 A).

Conclusions
ICM

suitable mathematical

In conclusion the AFM and
methods are more
models to compute the radiation field patterns
of paraboloid reflector, that excited by
microstrip antennas. Furthermore, choosing the
reflector with a small(f/D) ratio and a high
directivity is more conventional when circular
microstrip antenna is used as a exciting source

of the parabolic reflector antenna.

Circular disk
A

Fig.(2):circular microstrip antenna
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(Observation Point) P(r, 8, ¢)
Y

(Focal Point)
(Xa,YarZa) (Xt,Y,Z1)

O+
(Focal Point)

Fig.(3):Coordinate system of parabolic reflector antenna ,using (ICM).
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Fig(4): Radiation patterns of parabolic reflector antenna, with (f/D) taken at edge
illumination (-3 dB) and (-6 dB), fed by circular microstrip antenna CRMA in principle
planes by using AFM and ICM methods.

39



Basrah Journal of Science (A) Vol.30(2),30-43, 2012

&
1 ___ —— B-plone
] CO—poltor
1 — — CR-poler [ | % T E-plene
=703 £/d=0.344
3 =2
] of at —3dB
Y ]
S o0}
EE’ ]
N
B — 50
L 3
Lo
_4{}51\
=50
-60
=20
a‘ r
] Iy — H—plane
1 - —-— Co—polar Py N R T _
1 — — CR—poler ;’xr E-pione
-703 !
3 £/d=0.18
3 n/=2m
3 *f at —GdH
[ f/D =0.18
= ] D=20A
E‘F E Ofat—GdB
= _s0]
= 3
(n ]
_ao]
~507
—EG: [ 1T T T 1

Fig(5): Radiation patterns of parabolic reflector antenna, with (f/D) taken at edge
illumination (-3 dB) and (-6 dB), fed by outer shorted annular microstrip antenna ARMA in

principle planes by using AFM and ICM methods.
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Fig(6): Comparison between radiation patterns of parabolic reflector antenna in H-and E-
planes fed by CRMA and ARMA
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