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Abstract.

Simulation of octagonal microstrip antenna with 2.4 GHz
resonant frequency was achieved using the microwave office
2000 program (MWO2000), which is depending on the method
of moments (MOM). It has been found that the proposed
antenna bandwidth was 4.95%. When the proposed antenna is
modified and designed inside the circumference of a circle that
its equation r = ae?? .This method led to the design of another
shape of the original antenna it is found that the increase in
bandwidth has increased 10.13%. The last modifying is made a
rectangular slot in the patch of the antenna; it is found that the
increase in bandwidth has increased to 11.61%. In this study,
was used Polyethylene with dielectric constant €,=2.25, used
foam with dielectric £,=1.07 , and also the center of the resonant
frequency was shifted to a new value.

Keyword: Octagonal microstrip antenna, Bandwidth, Input
impedance, Return loss, Method of Moments
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Introduction

The primary objective of any antenna’s design is to
transmit electromagnetic waves from a transmission line into
space or to receive those waves via a receiver from space into a
transmission line. The transmitting antenna is a device that
converts electromagnetic waves deployed on the transmission
line in order to spread free-space waves. The antenna is a part of
an electrical circuit, while the other side is available at the
interface with the spread of the planar wave. Hence, these
antennas are devices used to transmit as well as receive radiation
power. So, the antenna is considered a linking unit between
transmission lines and space [1]. Microstrip Patch Antenna
(MPA) is commonly used because of its low profile, low cost,
and ease of manufacturing. A patch antenna is made by etching
metal on one side of the dielectric substrate, where on the
opposite side, there is a continuous metal layer of the substrate,
which forms a ground plane [2]. These antennas can be
integrated with printed strip-line feed networks and active
devices. This is a relatively new area of antenna engineering.
The radiation properties of microstrip structures have been
known since the mid-1950s [3]. Frequency (GHz-2.9 GHz)
applied to Bluetooth, TD-SCDMA, WCDMA, CDMAZ2000 and
LTE33-41 . TD-SCDMA is a 3G format of choice for the
national standard of 3G mobile telecommunication in China,
CDMA is a third-generation (3G) wireless standard which
allows use of both voice and data and offers data speeds of up to
384 Kbps. Europe and Asia - 2100MHz, North America -
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1900MHz and 850MHz, CDMAZ2000 is a family of 3G mobile
technology standards for sending voice, data,and signaling data
between mobile phones and cell sites.

Theoretical Part

The method of moments is one of the most accurate methods
of solving electromagnetic problems, but the difficulty is to
calculate the Green function [4].

e; X [E°(r) + E*(r)] = Zs[e, xJs(r)] (re
So) (1)

If we assume that the surface current on the surface of a
radiated antenna is j; and that the irritating area is E®, there is
the field that will be scattering E® so that these quantities are
related to the relationship [5].

Where Z represents the impedance and depends on the type of
material made from the radiator and e, the vector unit on the
vertical surface.

The scattering field is calculated from the vector magnetic
voltage A (r) and the voltage V (r) where the magnetic voltage is
given by the relationship [6].

AM) = [ GA(r|r')-Js@")dS’ (2)

And that the voltage is given by the relationship (3).

V() = [, Gy(rlr) - ps(r)ds’ (3)

Where G4(r|r"),Gy(r|r") The function of the diatyc Green
and the function of the numerical Green respectively, and p, (r')
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the current density. When the point of the field is very close to
the source point in a material with a p, permeability and an

electrical permittivity ¢ =¢&,.¢, where ¢ is the relative
permittivity, the two Green functions may be given in relation.

GA(r|r") =

(4)

4-1T|T rol

1
2nt(ep+1)|r—rg| (5)

Gy(r|r') =

The purpose of solving the problem is to calculate both J
and p, Since the above integration requires knowledge of J, and
ps, numerical methods are used in the calculation of integration,
where used moment of the method [4].

The solution is performed in the moment of the method,
dividing the patch into rectangles a x b called the charged cells.
Both the current and current density are defined as follows [6].

M
1
Jsx = E;Iix T, (r—r7y) (6)
]sy
N
1
= EZ Iiy T, (r — 1) (7)

M
Ps ](»db(ZI”‘ P(T—T;i)—P(T—T;i)]

i=1
N

- 1y P~ i)—P(r—r;a]) @)

Where
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| x| b
Tx(r)<1_7 |x|<a,|y|<§
0 elsewhere
a b
Pl |X|<§'|)’|<§
0 elsewhere

After making the simplifications, we get the following
equation

(o o)

1 V(e)
N
a JjZ, <V§8)> ®)

C’.‘.x = ; [—FV(T |1'x]) FV(rxllrx]) + I‘V(r |rx]) +

I‘V(r;i|r;j)] kobf I‘A(r|rx])k0dx+

Cxi

Whereas

J Z—O =8y (10)
cf]y
1
= @ |-Tv(r|ry;) — Iv(rglrs;) + Tv(riilrs;)
+ Iy (r5|r3;)] (11)
Where

I‘V(r|r0j) = fz—ZGV(rlr’)P(r’
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XX 1 XX / /
I (r|ro;) = JMGA (r|r)T(r

— 1) (k§dS") (13)

And Z.represent the resistance of the patch and Z, = 50Q
represents the impedance of the wire and V®the excitation
voltage is calculated according to the formula of [7] where we
used the central feeder to control the amount of input impedance

[8].

The values of r,; , 7y, 7y, 1y;  are illustrated in figure 1

Figure (1) shows the values

3-Discussion of results

There are several ways to expand the bandwidth, and these
methods are a simple change in the patch shape. There are a lot
of researchers who have developed the basic idea of this
technology, and the creation of a two-slit when the radioactive
edges of the patch, as these slits, do not affect the resonant
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frequency and radiation structures, while providing another
resonance frequency with similar radiation characteristics that
are significantly affected by the length of the incision [9]. This
is what we have done in this research and to show the amount of
change that happened in the package shows as we see it, where
using microwave office 2000 program to analysis the result in
this study.

3-1 Octagonal Microstrip Antenna

We initially selected an octagonal microstrip antenna which
side length (a= 18.2 mm) it and the coaxial feed position at the
point (7¢), as shown in figure 2.

Tf*_‘@m N

Figure (2) octagonal microstrip antenna

a=18.2mm ,h =1.59mm ¢, = 2.25.

The resonant frequency (f,) was determined by the intersecting
point with the X-axis and the return loss s;; was calculated in
Figure 3, the bandwidth is calculated from the following
relationship [10]. Determined
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when (s;; = —10dB) was the bandwidth of the proposed
antenna is (BW = 4.95%)

_ z(fu _fl) 0
BW = "21=C X 100% (14)

Return Loss (dB)

-25

2 22 24 26 28
Frequency (GHz)

Figure (3) Return loss sq4 of the octagonal microstrip
antenna

fi=2.36GHz,f, =2.48GHz, fo=2.4GHz h=1.59mm ¢, = 2.25

The above results were obtained when the input impedance of
the proposed antenna (50€2) as shown in figure 4.
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Figure (4) Input impedance of the octagonal microstrip
antenna fo=2.4GHz h=1.59mm ¢, =
2.25

3-2 Modified Shape of Octagonal Microstrip Antenna

The aim of this work is to enhance the bandwidth of the
octagonal microstrip antenna by changing the shape of the
patch; since the octagonal shape can be designed inside the
circumference of a circle that its equation r = a, we modified the
originally proposed antenna by placing the vertices of modifying
octagonal inside the modified circle perimeter, its equation
r = ae?®. This method led to the design of another shape of the
original antenna [11]. As show in figure 5.
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Figure (5) modifying octagonal microstrip antenna
a=18.2mm ,h=1.59mm g, = 2.25

After making this modification to the proposed antenna, the
expansion of the amount of bandwidth has become (10.13%).
The return loss and the input impedance of the modifying
octagonal microstrip antenna were shown in figure 6, 7.

%,

T A

30 —

Return Loss (dB)

40 T T T
2.2 24 26 2.8 S

Figure (6) Return loss sq4 of the octagonal microstrip

antenna fi=2.53GHz,f, =2.8GHz, f,=
2.4GHz h=1.59mm ¢, = 2.25

-10 -
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Figure (7) Input impedance of the modifying octagonal microstrip

antenna fo=2.4GHz h=1.59mm ¢, =2.25

3-3 Slot Octagonal Microstrip Antenna

In order to obtain an expansion of the proposed antenna

bandwidth, we made a rectangular slot on one of the ribs edges
in the patch, as in figure 8, where the dimensions of the

rectangular space (9.635,1.927).

Figure (8) slot octagonal microstrip antenna
a;,=18.2mm , h=1.59mm ¢ . =2.25

After making this modification to the proposed antenna, the
expansion of the amount of bandwidth has become (11.61%).

-11-
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The return loss and the input impedance of the slot octagonal
microstrip antenna were shown in figure 9, 10.

10 —
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Figure (9) Return loss s44 of the slot octagonal microstrip
antenna

fi1=2.27GHz ,f, =2.55GHz, fo=2.4GHz h=1.59mm &,
=2.25

Zin
60

Resistance
Reactance

Magnitude (ohm)

Frequency (GHz)

Figure (10) Input impedance of the slot octagonal
microstrip antenna fo=2.4GHz h =
1.59mm ¢, = 2.25

-12 -
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To ensure that the method is generally applicable and effective,
we have applied it to antennas with a different dielectric
material (foam, &, = 1.07 ) with the center of the resonant
frequency was shifted to a new high value (fo = 3.5GHz ),
As shown in the following table.

Table (1) The Bandwidth and Resonant Frequency for
Proposed Antenna

Dielectric Octagonal | Modified Slot
Resonant - -
constant microstrip | Octagonal | Octagonal
frequency : : ,
value Bandwidth | Bandwidth | Bandwidth
2.25 2.4GHz 4.95% 10.13% 11.61%
1.07 3.5GHz 8.11% 12.07% 13.25%
Conclusions

When designing an octagonal microstrip antenna, its bandwidth
(£.95%) was calculated at a resonant frequency (2.4 GHz) and
input impedance 50€Q2. In order to increase the bandwidth of the
proposed antenna, the following was done:

1- Modifying of octagonal microstrip antenna and designed
inside circumference of a circle that its equation r =
ae?? .This method led to the design of another shape of
the original antenna it is found that the increase in
bandwidth has increased by 10.13%.

2- A rectangular slot was made on one of the ribs edges in the
patch for the proposed antenna. This modification
increased the bandwidth to (11.61%).

3- When the proposed antenna was applied to another
resonant frequency and different dielectric, there was a
significant increase in bandwidth, where the bandwidth
values in the proposed antenna are increased the lower the
dielectric constant of the insulating material.

-13 -
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