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ABSTRACT

Microstrip patch antennas are frequently used in many
integrated circuits due to their compactness, planar nature and
ease of integration. These antennas are modified according to
the designer’s application and specifications. One such
modified antenna is slotted antenna. Slotted antennas are
usually used to enhance gain, bandwidth and low VSWR.
Increasing slots on the patch will enhance bandwidth with the
degradation of gain. The problem of surface waves also arises
with the increment in slots. Many structures like
Electromagnetic Bandgap Structures (EBG), Defective
Ground Structures (DGS) are proposed in order to reduce the
surface waves. This paper presents the detailed design of
double split ring slotted patch antenna mounted on the
swastika EBG structure at 21.29GHz. The proposed antenna is
simulated using Advance Design System-2016. Gain and
bandwidth of the proposed antenna are observed to be
11.92dB and 3.2GHz respectively.
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1. INTRODUCTION

Many planar antennas like Planar Inverted F-Antenna (PIFA),
microstrip patch antenna are frequently used due to their
planar nature. Planar nature of these antennas not only eases
the process of integration but also makes the designer to
modify the antennas according to his specifications and
application. Many methods are proposed to enhance
bandwidth, gain in microstrip patch antennas. One of the
methods is etching the slots on the patch with appropriate
dimensions of the slot. Bandwidth is enhanced by feeding the
slot directly [1]. Usually patch is fed through inset in order to
enhance gain and bandwidth. ‘H’-shaped slot is made on the
patch and thus making the patch to radiate at multiple bands
[2]. ‘E’ and ‘H’-shape slotted patches are fed with L-probe
and thereby enhancing the bandwidth to 400MHz [3].
Antenna is mounted on a very thin substrate making it a high
gain antenna. By deploying a very thin dielectric substrate,
bandwidth of the patch can be enhanced. However, there
should be some reasonable trade-off between the size and
bandwidth of an antenna. Proper impedance matching can be
achieved using appropriate feeding techniques and
subsequently return loss will be reduced with the increase in
the impedance bandwidth [4]. Compact patch antennas are
proposed with enhanced bandwidth by tuning the slot
dimensions [5]-[6]. Slots are etched on the diagonally on the
patch and thereby enhancing bandwidth by 18MHz with bore
sight gain of 3.3dB [7]. A compatible ring shaped microstrip

antenna with electrical length of 0.2974,x 0.2971, is
proposed in [8]. Outer, middle and inner ring electrical
lengths of the antenna are 4mmx4mm, 2mmx2.4mm and
0.5mmx0.6mm respectively. The reflection coefficient of
antenna is below -10 dB from 58.8GHz to 61.58GHz [8]. Four
ring shaped slots are etched on the patch which made the
proposed antenna circularly polarized [9]. Moreover, varying
the width of the ring changes the operating frequency.
Hexagonal microstrip patch antenna based on its equivalence
with rectangular and circular patch antennas is proposed in
[10]. Rectangular slots are etched on the alternate sides of the
hexagon and thereby enhancing the bandwidth of the antenna
by 4.42MHz. Patch antenna is mounted on Embedded Uni-
planar Compact Electromagnetic band-gap (E-UC-EBG) and
shorting vias are used to short the patch and the EBG structure
[11]. The gap between the vias is chosen to be 1/8™ of the
wavelength in order to enhance the bandwidth of operation.
Hexagonal holes are etched in the ground plane to increase the
efficiency of patch antenna structure [12]. Square holes etched
on the ground plane also increase the efficiency and gain of
the patch antenna [13].

2. DESIGN OF THE PROPOSED
ANTENNA

A patch antenna with five split rings i.e. four at the corners
and one at the centre has been designed. Figure 1(a) shows the
shape of the slot length (I) and width (w) of the ring is chosen
to 0.11mm and 0.01mm respectively. The spacing (s;) of two
rings is taken to be 0.127mm and the spacing (s) between the
ring and the base is taken as 0.127mm. The height of the rings
(h) from the base is taken as 0.2mm. The slot acts as a band
pass filter since the spacing between the rings is equivalent to
an inductor and the width of the slot is equivalent to a
capacitor. The length (L) and width (W) of the patch is taken
as 7.7 mm and 11.81 mm respectively. The inset feed of
length (1;) 6mm is inserted in to the patch. Figure 1(b) shows
the designed double split ring slotted patch antenna. The
whole device is mounted on the ground plane on RT Rogers
5880 (&,.=2.2) with the height of 2.5 mm from the ground
plane of dimensions 15.4 mm and 23.62 mm respectively.
Electrical length of the proposed antenna is taken to be
0.88814,x 0.72984,. Double split ring slotted patch antenna
shown in figure 1(b) is designed to resonate at 24.4 GHz.
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Fig.1(a): Double split ring slot
Fig.1(b): Double split ring slotted patch
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Fig.2(a): Double split ring slotted antenna with swastika
EBG
Fig 2(b): Swastika slot

Figure.2 (a) shows the double spilt ring slotted antenna
mounted on the ground plane etched with swastika shape slots
commonly known as Electromagnetic Bandgap Structures
(EBG). The proposed EBG structure is designed with total of
20 slots leaving the portion below the plane of the patch
unetched. Width (W,) and length (L,) of the ground plane are
chosen to be 29.525mm and 19.25mm respectively. As shown
in figure.2 (a), width (t) and length (g) of the whole swastika
slot are chosen to be 2.5mm and 3.5mm respectively. Gap (X,
z) between the vertically parallel arms are taken as 0.4mm and
0.6mm respectively. Width (s') of all the arms of the slot is
taken as 0.5mm. Spacing (y, u) between the horizontally
parallel arms is chosen to be 1mm and 1mm respectively.
Spacing (s,) between two swastikas is taken as 0.75mm.
Slotted patch is placed exactly at the centre of the EBG
structure for the best results.

The equivalent circuit of a swastika slot is shown in figure.3
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The transfer function of the model shown in figure.3 is given
by:

H(s)

_ 2LL;s*(C(Cy + Cp) + C1Cp) +52(Ly(C; + C) +LO) + 1
h (LCL;Cys* + s2(LC + Ly Cy) + 1)Cys

The approximate resonant frequencies of the slot are obtained
as:

1 v 1
® =7z & o, = N

Resonant frequencies are calculated by assuming that
swastika is symmetrical. As the proposed swastika is
asymmetrical, the two resonant frequencies will coincide and
thus making the EBG structure highly selective.

3. RESULTS AND DISCUSSION

The proposed antenna is simulated in ADS-2016 momentum
and figure.4 shows the layout of the proposed antenna
structure in radiating mode.

Fig.4: 3-D model of the proposed antenna.

Figure.5 shows the magnitude and phase plots of
reflection coefficient of the proposed antenna structure.
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Figure.6 shows the 2-D pattern of gain, directivity, electric
and magnetic far fields.
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Fig.6: 2-D pattern of all the parameters of the proposed
antenna

Figure.6 shows the 3-D radiation pattern of the proposed
antenna structure and dual switched beams with dough-nut
shaped 3-D radiation pattern are observed
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[' Antenna Parameters

Frequency (GHz) A9
Input power (Watts) 0,00584795
Radiated power (Watts) 0.00584795
Directivity(d8i) 119278
Gan (08) 11927
Radiation effidency (%) 100
Maximum intensity (Watts/Steradan) 0,007253%8
Effective angle (teradans) 0806172
Angle of U Mx (teta, ph) 6 1%
E(theta) max (mag,phase) 230511 91,4457
E(ph) max (mag,phase) 0.339955 ~14.8655
E(x) max (mag,phase) 094274 101562
E(y) mx (nagphase) 059293 123,085
(2) max (nag phase) WK RS

Fig.7: 3-D radiation pattern of the antenna

The slot dimensions are varied using ADS-2016 momentum
to layout converter cum tuner. The performance parameters
are highly affected with the 1% change in the dimensions of
the swastika slot.Table.1 shows the performance parameters
of the proposed antenna.

Table 1. Performance parameters of the proposed antenna

Gain Bandwidth Directivity Efficiency
(dB) (GH2) (dB) (%)
11.92 3.2 11.92 100

4, CONCLUSION

A double split ring slotted patch antenna mounted on swastika
EBG is proposed and analyzed using Agilent ADS-2016.By
etching swastika slots on the ground plane , it is observed that
bandwidth of 3.2GHz with the gain of 11.92dB is obtained for
the proposed antenna structure. The structure can be suitably
used for point-to-point applications. In the future the structure
is expected to be modified for nantenna using ADS-2016
software..
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