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Abstract

In this work we calculated the bandwidth of hexagonal patch shape
microstrip antenna operate at 2.4 GHz frequency. We found that the
bandwidth is narrow if dielectric constant is small. In order to widen the
bandwidth we suggest made a slot in the ground plane of the microstrip
antenna. The bandwidth became 148.8% when we use the foam after
making two wide slots in the ground plane of microstrip antenna. The
procedure was applied to different substrate with different dielectric
constant, the results show an increase in the bandwidth in both case. The
simulation is done by using finite difference method time domain FDTD
programing by MATLAB tools.
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Introduction

Since the establishment of the
microstrip at the beginning of 1970s
[I.J. Bahl, and P. Baharteia (1980)], it
has been used in many industrial
applications [Sujeet Kumar and et. al.
(2014)], according to the their
advantage of low cost, ease of
manufacturing, low profile together
with other advantages[H. F. Pues and
A. R. Van de Capelle (1989)].
However, it also has certain
disadvantages, such that the narrow
bandwidth [I.J. Bahl, and P. Baharteia
(1980)]. Therefore many researches are
achieved, in order to improve the
bandwidth of all microstrip antennas
types (e.g. circular, rectangular and
triangular...etc) [J.w. Wu and J.H. Lu
(2003), J. Y. Sze and K. L. Wong
(2000), Avisankar Roy and et. al.
(2013)]. According the literature, many
approaches have been used to address
this issue. These include drilling or
changing the shape of the patch and
change the feed characteristics and
others [H. F. Pues and A. R. Van de
Capelle (1989), J. A. Ansari and R. B.
Ram (2008)]. This work is aimed to
improve the bandwidth of the
hexagonal patch microstrip antenna.
The adopted method includes making
two wide slots in the ground plane of
the microstrip  antenna. Also,
simulation processes were conducted
using FDTD method to build up a
model through we can address the
issue.

FDTD Method

A numerical method introduced by
Kane Yee In 1966 to solve
electromagnetic problems [A. Taflove

(1995)], this is depending on
Maxwell’s curl equations; this method
is called finite difference time domain
(FDTD) method. In this method we
must assume that every point is as a
cell of AxAyAz volume, and the
components of E and H are distributed
as shown in fig.1 [A. Taflove (1980)].
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Figure 1: Yee cell in three dimensions, the
dimensions of cell are Ax, Ay and Az
in x, y and z direction respectively.

So the space will become grid of
these cells. Since the electric and
magnetic fields depend on the space
and time, so At can be calculated by
Courant [J. S. Juntunen and T. D.
Tsiboukis (2000)] factor asAt =

-1
(c\/$+$+A—;) where c is light
velocity. Note that any function u of
space and time can be evaluated at a
discrete point in the grid of the space
and time as follows:

u(iAx, jAy, kAz,nAt) = u™(i, j, k)

Where i,j,k and n are integers. The
partial derivative in the x- direction
evaluated at the fixed time t, = nAt
defined as:

ou(ilx, jAy, kAz,nAt) B
0x B
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The updating electric and magnetic
fields in space and time given as
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The excitation of the system can be
done by Gausses pulse [M. Benavides
and et. al. (2011)] p(t) =

_(m)z : ,
e \ =/ where ta damping factor is
has a value depends on the frequency

range of problem, t, is the time delay.

The pulse propagated according to the
equation above. Since the memory of
the computer cannot programing
infinity space, we use a model to
simulate the infinite space. We used
here PML method [M. Benavides and
et. al. (2011)] to do that.

When the electric and magnetic fields
updating approach to zero at feed point
we can calculate the input impedance
Zin, and S;; as follows[Sheen D. M.
(1991)1:

o0 —jowt
[ Ve I®tat
BRI
o I(t)e—jotat

Zin(w) = ( )Where V(t)
Is the voltage in the time domain at the
feed point and I(t) is the current in the
time domain at feed point.

* V(e Jotat .
511 = (%) Where p(t) IS
the Gaussian pulse at feed point. Then
we calculated other properties of
system.

Results and Discussions

We designed hexagonal patch
microstrip antenna as in fig.(2), to
operate  with resonant frequency
2.4 GHz where dimensions are a =
29.3mm is the patch length,b =
120 mm is the substrate and the
ground plane length A = 1.59 mm s
the substrate thick feed point 7, =
14.56 mm, the angle a = 120%nd it

equals for all inner angels of hexagonal
shape, the dielectric constant of foam
is & = 1.07.

In order to study the bandwidth of
hexagonal patch microstrip antenna,
we conduct the following steps: first,
calculate the bandwidth without any
simulated modification,  second,
making two slots in the ground plane
of the antenna, third, increase the
thickness of the substrate with making
two slots in the ground plane of the
antenna, finally, repeating the above
steps to other dielectric substrate of
hexagonal patch microstrip antenna.

By applying the first step we found
that the resonant frequency is =
24 GHz (the resonant frequency
calculated when the reactance equal to
zero) as shown in figure (3) that
illustrates the resistance and reactance
opposite the frequency.

Figure (4) shows the return loss S;4
against frequency, we find the
bandwidth is (BW = 1.3 %) where it
calculated from the relation [Z. N.
Chenand Y. W. Michael (2006)].
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Figure (2): hexagonal patch microstrip antenna
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Figure 3: Input impedance of the hexagonal microstrip antenna calculated by FDTD method
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_2(fu— 1) Where f;and f, are lower and upper
BW = fu+ fi frequencies below S;; = —10dB as

shown in figure (4)
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Figure 4. Return loss S, of the hexagonal microstrip antenna using FDTD method e, = 1.07

h =159mm.

By conducting step two the BW was BW Increased up to = 77% as shown
enhanced through making two wide in figure(6). In this context, the two
slots in the ground plane of the slots are situated midpoint at of the
microstrip antenna as shown in figure ground plane.

(5), the slot dimensions arel, =

101 mm and L, = 49.2 mm. The

=120 mm

bh =120 mm
Figure 5: slots dimensions in the base of hexagonal microstrip antenna
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Figure 6: Return loss S, of the hexagonal microstrip antenna with slotted ground plane e,

25 3
frequency (GHz)

1.07 h = 1.59 mm.

The third step includes increasing the
thickness h to3mm, rather than
1.5mm and the place of the feed

location was changed (i.e 7y =
13.32mm) and the two slot
dimensions becameL, =

73.36 mm and L, = 35.35 mm. This
therefore led to the BW to be enhanced
to around = 148.84% as shown in

fig.(7)

Finally we repeated the same steps
(above) but with different dielectric
substrates, one of the latter substrates
has a dielectric constant(e, = 2.25),
the dimensions change to become a =
209 mm,b = 85 mm,h =

1.59 mm, feed point r; = 5.5 mm, the

angle a = 120%nd which have the
same meaning as mentioned earlier.
From the figure (8) we find that the
BW is about1.16%.

After making the two slots in the
ground plane with dimensions of
Ly =77.4mm and L, = 35.85, the
BW increased to about = 33.9% as
shown in fig (9). We applied these
techniques for hexagonal patch

microstrip antenna with dielectric
substrate of &, = 3.38. The results are
depicted in table 1.

Conclusions

Our results suggest that when made two
wide slots on the ground plane of
hexagonal patch microstrip antenna, this
technique may lead to broaden the
bandwidth. The bandwidth increases when
the dielectric constant decreases and it
increases when the dielectric material is
thicker. To ensure good results the ground
plane's dimensions must be slightly large.
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Figure 7: Return loss S; ; of the hexagonal microstrip antenna with base slotted using FDTD method
& =107 h=3mm.
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Figure 8: Return loss S;; of the hexagonal microstrip antenna using FDTD method ¢, = 2.25 h =
1.59 mm.
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Figure 9: Return loss S, ; of the hexagonal microstrip antenna with base slotted using FDTD method
& = 2.25 h=159mm.

Table (1): The values of the bandwidth for different dielectric constants

h=159mm
L, =0mm
Ly, =0mm

1 = 14.56 mm

h=159mm
L, =101 mm
Ly, =49.2mm
1 = 15.98 mm

h=3mm
L, =7336mm
L, =35.35mm

rp = 13.32 mm

a=29.3mm
b=120mm
& = 1.07

1.3%

77%

148.84%

h=159mm

L,=774mm
Ly, = 35.85mm
rr = 10.45 mm

h=3mm
L, =66mm
Ly, =33.95mm
7 = 9.5mm

a=209mm
b =85mm

& = 2.25

33.9%

83.48%

h=159mm
L, =63.79 mm
Ly = 31.12mm
rF = 9.31mm

h=3mm
L, =57.59mm
Ly = 28.02mm

Ty = 9.31mm

a=17.07mm
b=70mm
& = 3.38

29.5%

93.5%
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