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ABSTRACT

Defected ground structures are one of the key important structures to attain multiband characteristics in the
microstrip antennas. In this paper, spiral shaped defected ground structures are proposed to improve the performance of
different passive circuits, including dual, triple and multiband characteristics and to suppress harmonics in the patch
antennas. The proposed defected ground structure monopole antenna is resonating at multiband with size reduction to
perform LC resonant property in the operating band. By incorporating defected ground structure in the antenna model,
additional resonant frequencies are attained due to the abrupt change in the current path of the antenna. The proposed
antenna is prototyped on FR4 substrate and measured results are obtained from ZNB Vector Network Analyser. The
simulated results are in good agreement with measured results of the fabricated antenna model.

Keywords: microstrip patch, multiband, spiral slot, defected ground structure, FR4, ZNB 20 vector network analyser (VNA).

INTRODUCTION

There is a never ending demand for compact and
multiband antennas in the communication systems. The
communication systems became smaller due to greater
integration of electronic devices and antenna became a
significant larger part of the overall volume [1-4]. In some
of the cases, low profile antennas and their designs are
very important for fixed wireless communication
applications. The microstrip antenna is having numerous
applications and advantages over other types of antennas
[5-8]. There is a never ending demand for these antennas
because of low profile, printed technology and integration
with MMIC and RFIC devices. The performance of the
antenna mostly depends upon the substrate material that is
used in the design of the antenna [9-12]. Choosing a
proper substrate material with relevant structure will
improve the performance characteristics of these antennas.
The microstrip antenna also suffers with narrow
bandwidth and low efficiency. To overcome these
problems, we have to choose a proper structure with some
performance improvement techniques like DGS, FSS and
metamaterial like things have to be incorporated in the
design [13-18].

Defected ground structures and defected
microstrip structures are widely used techniques to
enhance the radiation characteristics and bandwidth of the
advanced antennas. The defected microstrip structure can

be easily integrated with other microwave circuits and
effectively reduce the circuit size [19-20]. The DMS
exhibits some properties like slow wave, rejecting
microwaves at certain frequencies and change in electrical
length in certain circuits which are similar to DGS.
Generally, DMS is made by etching slots in the microstrip
line, so the enclosure problems need not be considered
because there is no leakage through the ground plane [21-
22]. DMS is generally used to enhance the behaviour of
passive circuits and perform LC resonance property in
certain frequency and suppress the unwanted signals. This
DMS will increase the electrical length of the antenna and
disturb the current distribution thereby reducing the
resonant frequency operating band from higher frequency
to lower frequency [23].

Antenna, geometry and design

In this paper, we experiment three different
antenna models with DMS and DGS techniques. Figure-1
shows the proposed antenna models with spiral slots in the
structure. Figure-1(a) shows the microstrip antenna with
spiral slots on the radiating element. Figure-1(b) shows
spiral slots on radiating element as well as slots on the
ground plane exactly on the opposite faces. Figure-1(c)
shows the spiral slot antenna with defected ground
structure on the other side at exactly the centre of the
ground plane.
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Figure-1(a). Spiral slot antenna, (b). Spiral slot with DGS, (c). Spiral slot with centre DGS.

From Figure-1(b), we observed that slots are
occupying at the same position in two planes (top, bottom)

-
e

and from Figure-1(c), we can observe spiral slots beneath
the feed line on the opposite side of the radiating element.

Figure-2. Dimensional representation of spiral slot antenna with DGS.

The overall dimensions of the antenna can be
observed from Figure-2 and dimensional characteristics
from Table-1. The overall dimension of the antenna is

around 21.6X14X1.6mm on FR4 substrate with dielectric
constant 4.4.

Table-1. Dimensional characteristics of the spiral slot antenna with DGS.

| Description a b c d e f
Length(mm) 14 93 7 53 3 04
Description | g h i j 1 m n 0 t
Length(mm) | 1 17 | 32 | 47 | 53 | 11 2 29 | 38 | 02

RESULTS AND DISCUSSIONS

Three antenna models are designed and simulated
using commercial HFSS tool and presented in this section.
Antenna model 1 is not having DGS but model 2 and
model 3 are having DGS on the top and centre of the
ground plane. The reflection coefficient of the designed
antenna models are presented in Figure (3). Spiral slot
antenna model 1 without DGS is resonating at quad band
with impedance bandwidth of 14% at fundamental
resonating and 26% at second resonating frequency. The
antenna model 1 is showing better bandwidth

characteristics at higher resonant frequencies compared to
lower resonant frequencies. At the third resonating
frequency, the antenna is showing a bandwidth of 1.5GHz
with an impedance bandwidth of 13.6%. The antenna
model 2 is resonating at triple band with low loss at
fundamental resonating frequency. Antenna model 2 is
showing an impedance bandwidth of 14.2% at the highest
resonant frequency. The proposed antenna model 3 is
resonating at pentaband with highest impedance
bandwidth at 12.5GHz and 14.5GHz.
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Figure-3. Reflection coefficient of antenna models.

Figure-4 shows the VSWR characteristics of the characteristics of the designed models at their

designed models. It has been observed that the antenna
models are showing a 2:1 VSWR at the corresponding
resonant frequencies. Figure-5 shows the impedance

&

corresponding resonant frequencies. At the resonating
frequencies, the antenna is showing impedance nearer to
50Q.
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Figure-4. VSWR vs frequency of antenna models.
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Figure-5. Impedance vs frequency of antenna models.

Figure-6 shows the antenna model 1 radiation

pattern at different resonant frequency in E and H plane.
Figure-7 shows the three dimensional

radiation

characteristics of antenna model 1 at corresponding
working frequencies. At 5.8GHz, antenna model 1 is
showing directive radiation pattern whereas at 10.6GHz, it
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is showing disturbed radiation in YZ plane. At 14.1GHz, back lobes in XY plane.
antenna is showing directive radiation in XZ plane with
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Figure-6. Radiation pattern of antenna model 1 in E & H-plane.
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Figure-7. Radiation of antenna 1 in three dimensional view.
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Figure-8. Radiation pattern of antenna model 2 in E & H-plane.
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Figure-9. Radiation of antenna 2 in three dimensional view.

9465



VOL. 11, NO. 15, AUGUST 2016

ARPN Journal of Engineering and Applied Sciences

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

ISSN 1819-6608

www.arpnjournals.com

-90

-180

At12.3 GHz

-180

Figure-10. Radiation pattern of antenna model 2 in E and H-plane.
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Figure-11. Radiation of antenna 3 in three dimensional view.

Figure-8 shows the radiation characteristics of
antenna model 2 at corresponding triple band resonant
frequency. Figure-9 shows the three dimensional radiation
characteristics of antenna model 2 at corresponding
resonant frequencies. Figure-10 shows the radiation
characteristics of antenna model 3 in polar coordinates at
resonant frequencies. Figure-11 shows the same radiation
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pattern of antenna 3 in three dimensional view. At
fundamental resonant frequency, the antenna is showing a
dumbbell like radiation pattern in Y direction and directive
radiation pattern at other frequencies. The current
distributions of the designed antenna model 1 are
presented in Figure-12.
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Figure-12. Current distribution of the antenna model 1 at resonant frequencies.
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Figure-14. Current distribution of the antenna model 3 at resonant frequencies.

Compared to lower resonant frequency, antenna
model 1 is projecting more radiation at higher resonant
frequency and most of the current distribution is focussed
around slot on the patch and the electrical length of the
antenna is increased with slot radiation current path.
Figure-13 shows the current distribution of antenna model
2 at their corresponding resonant frequency with top and
bottom view. From top view current distribution, we
observed that the maximum current intensity is obtained at

the second resonating frequency at 7.2GHz whereas for
bottom view, it is from the highest resonating frequency
14GHz. Figure-14 shows the current distribution
characteristics of antenna model 3 at all resonant
frequencies. At the highest resonant frequency, current
distribution over the patch is in opposite direction with
same magnitude. The resultant of this type of distribution
at higher resonating frequency will be cancelled.
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Figure-15. Frequency vs gain of antenna models.

Figure-15 shows the gain characteristics of the
antenna models at corresponding operating frequencies. A

maximum peak realised gain of 4.2dB is attained for the
case of antenna model 3 at the centre resonant frequency.

Figure-16. Fabricated antenna, (a) Front view, (b) Bottom view.

The proposed spiral slot antenna with defected
ground structure is fabricated on FR4 substrate and the
prototyped antenna is presented in Figure-16. The front
view of the prototyped antenna model consisting of spiral
slots on patch element and back view consisting of spiral
defected ground structure. The measured S11 of the

S/12/2016 12:21:0a M
15311/6010K62-101510-eH

S11 dB Mag 10 dB/ Ref 0 dB Cal Off

designed model is presented in Figure-17. Measured
results are in good agreement with simulation results of
HFSS. The multiband characteristics from measured
results can be observed from this Figure, which is similar
to simulated resonant frequencies.
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Figure-17. Measured S11 on ZNB 20 VNA.

CONCLUSIONS

A spiral slot multiband antenna is designed and
analyzed with defected ground structure in this work. The
defected ground structure is responsible for additional

resonant frequencies in the multiband. The slot structure
on the patch surface creating long path for the current and
increasing the electrical length of the antenna, which
intern shifting the resonant frequency towards lower band.
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The proposed antenna is fabricated on FR4 substrate and
the measurements of S11 are taken on ZNB 20 vector
network analyzer. The simulation results are having good
correlation with measured results on the VNA. Proposed
antenna is showing excellent radiation characteristics with
peak realized gain of 4.2 dB at resonating frequency.
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