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Abstract— This paper provides a study
on designing Monopole Antenna with and without
Electromagnetic Band Gap (EBG) technique. The
antennas were designed and simulated using the
Computer  Simulation  Technology  (CST)
microwave studio. The substrate of the antenna
was fabricated using a substrate of FR4 with
dielectric constant and height of 4.30 and 1.6 mm
respectively. The conventional monopole antenna
is added with 3X3 array matrices squares which is
size is 3 mm x 3 mm stands with electromagnetic
band gap (EBG) structures. The results show that
the monopole antenna with EBG structures has
better performance. The constructions of
electromagnetic band gap (EBG) structures
contribute better basic parameter of the monopole
antenna such as return loss, bandwidth and size
reducing. The minimum specification of return

loss from simulated result is -10dB cutoff.

Keyword— Monopole Antenna, Conventional
Antenna, electromagnetic band gap (EBG).

I. INTRODUCTION

T
The method of electromagnetic band gap (EBG) was

found in late 1980°s and became one of the most
advancing sectors in the electromagnetic arena. This

method allows manipulating the propagation of

electromagnetic waves to next stage that cannot be
achieved before. Besides, it promises the other way
to overcome the limitation of current technology of
electromagnetic and it is estimated that many new
structures  will be evolved based on this

electromagnetic band gap concept [1, 2].

Monopole antenna has been discovered by
Oliver Lodge on 1898 [3]. It was the apparently the
first in the history of radio engineering. This antenna
was used for a long time in all transceiver. However,
recently this antenna is no longer acting outside of
the body of receiving and transmitting [4]. A
monopole antenna is actually a radio antenna which
is one half of a dipole antenna and it is combined
with right angle ground plane with considerable
length in place of its another half. In other word, a
dipole antenna has two halves, but the monopole
antenna used one of the halves as electrically
conductive surfaces known as ground plane. The
ground plane act like the other halve of a dipole

antenna as shown in figure 1 below [3, 4].
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Figure 1.1: A dipole and a monopole



In other hand, the monopole antenna is the
antenna that radiated element where the ground of the

transmitter is connected with an electrical ground.

Electromagnetic band gap (EBG) unique
structures have a property to avoid propagation of
electromagnetic waves for more specific frequencies
and direction which is stand of shape, size, symmetry
and the material used in construction [2, 5]. The
advantages by applying electromagnetic band gap
(EBG) is it can be used to alter the electromagnetic
interaction between an antenna and the platform. It
also offers a mechanism to improve antenna

performance and reduce antenna size. [5]

The features of electromagnetic band gap
structure are to restrict unwanted substrate modes and
acting as an artificial magnetic ground plane. The
EBG structures are also used to improve the antenna
performance as radiation patterns and to minimize the

side and back lobe levels [6].
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Figure 2 :EBG structures design

The monopole is pretty suitable for
WLAN antenna design because it has a low profile; it
can be etched on a single substrate and can provide

the feature of broadband or multiband operation [9].

Il. DESIGN METHODOLOGY

A) Flow chart

Figure 3 shows the flow chart on how monopole
antenna was conducted.
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Figure 3: The design flow chart.
B) Calculation



i) Dimension of patch width
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iv) Patch length
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V) Ground substrate

Ls=L+6h,Ws=W + 6h

Table 1: The FR4 substrate properties.

C) Conventional Monopole Antenna
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Figure 4 : front and back view of conventional
monopole antenna
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Figure 5 : front and back view of monopole antenna

with EBG structures

Table 2: The comparison between values of
parameters designed

Properties Values
Permittivity, 4.3
Permeability, 1.0

Substrate Height, 1.60 mm
h
Thickness of 0.035 mm
Copper, t

Parameters | Conventional Monopole antenna with
monopole EBG structures. (mm)
antenna.
(mm)
Wp 14.0 13.0
Lp 13.7 18.0
Ws 47.0 45.0
Ls 38.0 35.0
Wi 3.0 3.0
Lf 25.5 24.3
Lg 38.0 35.0




I1l. RESULT AND SIMULATION

a) Simulation
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Figure 6: The comparison between return loss of both
antennas

The result shows that the return loss of conventional
monopole antenna and monopole antenna with EBG
structures. According to the simulation designed, the
value of return loss of conventional monopole
antenna is -23.45 dB. Meanwhile the value of
monopole antenna with EBG structures is -40.57 dB.
Both simulation results can be accepted because their
return loss value is below -10 dB.
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Figure 7: The value of bandwidth of conventional
monopole antenna

The simulation shows that the bandwidth
of conventional has a range of frequencies between
2.104 GHz and 3.5145 GHz. This range contributes
the bandwidth of 1.4104 GHz. The bandwidth was

measured at a -10 dB. This value of bandwidth is

compared to the monopole antenna with EBG

structures.
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Figure 8: The value of bandwidth of monopole
antenna with EBG structures.

As shown in the figure 4.5 above, through simulation,
the value of the bandwidth of monopole antenna with
EBG structures which is 1.6185 GHz is greater than
the value of bandwidth of conventional monopole
antenna which is 1.4104 GHz. The value of
bandwidth also taken from the -10 dB line. It was
proven that EBG structures can improve the
bandwidth of antenna. The simulation shows that the
bandwidth is increased about 14.75%.

Another parameter that should be considered is the
value of line impedance. The line impedance is
maintained although the size of the antenna was
reduced. In figure 4.6 below shows that the line
impedance of the monopole antenna is approximately
equal to 50 Ohm
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Hode I:ypq,f' Quasi TEHM

Accuracy;/ 2.0037%9e-013

Beta L | 96.556Z. 1/m

Wave Imp. /[ 254.61 Ohns -

Line Impll. 58.3152 Ohms

Plane atﬁy -22.5
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Figure 9: The line impedance of monopole antenna

designed



Type Farfield
Approximation enabled (KR >> 1)
Monitor farfield (f=2.45) [1]
Component Abs

Output Gain

Frequency 2.45

Rad. effic. -8.5615 dB

Tot. effic. -6.5812 dB

Gain 2.188 dB

Figure 10: The gain 3D plot of conventional
monopole antenna.

The Figure 10 above shows the 3D plot of radiation
pattern of gain for antenna without EBG structures.

the gain was measured and the value was 2.188 dB.

Type Farfield
Approximation enabled (kR >> 1)
Monitor farfield (f=2.45) [1]
Component Abs

Output Gain

Frequency 2.45

Rad. effic. -08.5343 dB

Tot. effic. -8.5347 dB

Gain 2.204 dB

Figure 11: The gain 3D plot of monopole antenna
with EBG structures.

However, when applying EBG structures to the
antenna, the gain has increased to 2.204 dB. This
shows that the method of EBG structures can

increase the gain of antenna

Table 3: The comparison of some parameters
between conventional monopole antenna and
monopole antenna with EBG structures

Conventional Monopole Percentage
Antenna .
Monopole . Difference
with EBG
Antenna (%)
structures
Size of
antenna | 45.00x 35,00 | 4700% 13.90
38.00
(mm)
Return
Loss, -23.45 -40.57 73.00
S (dB)
BW
(GH2) 1.4104 1.6185 14.89
Gain
(dB) 2.118 2.204 4.06

Table 3 shows the different of some parameters
between between monopole patch antenna with and
without EBG structures which is size of antenna,
return loss, bandwidth and gain in terms of
percentages. The size of the antenna has been
reduced by 13.9%. as known, when the value of
frequency is higher, the size of antenna will be lower.
But, EBG structures has shown that the size of the
antenna can be reduced without increasing the value
of frequency. The return loss has increased to -40.57
which is 73%. The bandwidth became larger and
increased by 14.89%. Lastly, the gain shows

improvement about 4.06%.

b) Measurement

Figure 12: Fabrication of conventional monopole
antenna




Figure 13: Fabrication of monopole antenna with
EBG structure.
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Figure 14: Measurement result of Return Loss (S11)
for conventional monopole antenna and monopole

antenna with EBG structures

Figure shows the return loss result of conventional
monopole antenna and monopole antenna with EBG
structures. The blue line shows the conventional
monopole antenna and the red line is monopole
antenna with EBG structures. The return loss of
conventional result gave -14.304 dB at frequency of
2.45 GHz. This result is different compared to
simulation result which is -23.45 dB. However, the
return loss measurement result for monopole antenna
with EBG structures was -20.86 dB and this result is

also shows a different to simulation result, which is -

40.57 dB. All measurement was done by using

Vector Network Analysis (VNA).
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Figure 15: Measurement result of Return Loss (S11)
for conventional monopole antenna and monopole
antenna with EBG structures

The measurement result of bandwidth of both
antennas showed that the monopole antenna with
EBG structures improved the conventional monopole
antenna. It revealed that by applying EBG structures
to the antenna can increase the bandwidth of the
antenna. According to the measurement in figure
above, the value of bandwidth of conventional
monopole antenna was 0.53 GHz. But the simulation
showed that the bandwidth of the antenna is 1.4104
GHz. The bandwidth has dropped approximately
about 1 GHz.

Meanwhile, the measurement of the monopole
antenna with EBG structures also showed the
dropped of bandwidth when it is compared to
simulation  bandwidth.  The
bandwidth obtained was 0.63 GHz while the
simulation bandwidth obtained was 1.6185 GHz. The
value of bandwidth also dropped approximately
about 1 GHz.

measurement  of




Table 4: The comparison of measurement results.

more value of VSWR approaching to 1, the more

efficient the antenna is.

Radiation Pattern : Monopole

—Without EBG

Antenna

Conventional Monopole Percentage
Antenna .
Monopole . Difference
with EBG
Antenna (%)
structures
Return
L-oss, 114,304 -20.856 45.9
Sut
(dB)
BW
(GH2) 0.530 0.630 18.9

Table presents comparisons of measurement between
conventional monopole antenna and monopole
antenna with EBG structures. The result was

obviously different with simulation results.
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Figure 16: The value of VSWR obtained

Figure shows the value of VSWR of both antennas.
The green line represents the conventional monopole
antenna and its value at 2.45 GHz is approximately
1.52. The red line represents the monopole antenna
with EBG structures and its value at 2.45 GHz is
approximately 1.46. This revealed that the monopole
antenna with EBG structures is more efficient. The
perfect design is where the value of VSWR is equal
to 1. When a signal is transmitted, the receiver
received 100% of the signal. This can be said as
perfect design. However in this project, the value of
VSWR is 1.52 and 1.46 shows that the signal

transmitted is not fully receive by the receiver. The

—withEBG

Figure 17: The comparison of radiation pattern of
both antennas

Figure presents the radiation pattern of both antennas.

The blue colour represents the conventional
monopole antenna which is without EBG structures
while the red line shows the monopole antenna with
EBG structures. The result show that the monopole
antenna with EBG structures is more efficient

compared to the conventional monopole antenna.

I\VV. CONCLUSION

In conclusion, a conventional and with EBG

structures monopole patch antenna has been
successfully designed, simulated by using Computer
Simulation Technology (CST) and fabricated. The
square of EBG structures which is 3x3 matrices is
able to produce the better features. By using this
antenna with EBG structures, the signal propagated
become more efficient and it contributed the

performance of the conventional antenna in term of



antenna size, gain, bandwidth and return loss about
13.9%, 4.06%, 18.9%and 45.9%. This monopole

patch antenna it’s suitable for wireless LAN

communication application.
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