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A Hepta-band Antenna Loaded with E-shaped
Slot for S/C/X-band Applications
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Abstract—A compact planar multiband antenna operating at
3.1 (S-band) /4.7/6.4/7.6 (C-band) /8.9/10.4/11.8 GHz (X-band) is
presented. The proposed Microstrip Patch Antenna (MSPA)
consists of a rectangular radiator in which an E-shaped slot is
etched out and a microstrip feed line. The E-shaped slot modifies
the total current path thereby making the antenna to operate at
seven useful bands. No external impedance matching circuit is used
and the impedance matching at these bands are solely achieved by
using a rectangular microstrip feed line of length 10mm (L6) and
width 2mm (W10). The antenna has a compact dimension
0f32 x 32 x 1.6 mm3 and exhibits S11<-10dB bandwidth of
about 6.45% (3.2-3.0GHz), 8.5% (4.9-4.5GHz), 7.6% (6.7-6.2GHz),
3.9% (7.8-7.5GHz), 5.7% (9.1-8.6GHz), 1.2% (10.44-10.35GHz)
and 2.2% (11.87-11.62GHz). The simulation analysis of the
antenna is carried out by using HFSS v.13.0.

Keywords—S-band, C-band, X-band, E-shaped slot, current
distribution

I. INTRODUCTION

EFORE We get into the Microstrip Patch Antenna (MSPA)

there are some basic principles of antenna which we should
mention. The embracing definition of antenna is that it changes
energy from one form to another. There are various types of
MSPA presented in the literature; this paper provides a detailed
design and simulation of E-shaped slotted MSPA. The study of
MSP antenna had a great advancement in the recent times.
These are usually manufactured on printed circuit board. These
antennas are mostly used in the devices which require the small
antenna, leading to the frequencies in the Giga hertz. There are
four parts in microstrip antennas; ground, patch, substrate, and
feeding part. The advantage of the MSP antenna is low volume,
light-weight, low profile, smaller in dimension, easy to
fabricate, and planar configuration compatibility with many of
the MMIC design, compliance with all most all non — planar
structure. Many researches are relatively influenced by the
additional features of these MSPA. These may be used in C —
band for mobile communication except the aeronautical mobile
and in the X -band for satellite application, aviation and space
research purpose and also used in the field of WiMAX, medical
imaging and radiolocation applications [1-2]. To design a
MSPA needs essentials shape, measurements, sustaining and
working frequency.
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Be that as it may, the most basic essential is assurance of
substrate in perspective of the cost, viability and size. Substrates
used for MSPA lie between2.2 < ¢, < 12. Lower the ¢, of
dielectric material, greater size of antenna yet achieves better
profitability and greater transmission limit as compared to the
smaller ones. Antennas outline an imperative bit of
advantageous devices like telephones, tablets, workstations and
gaming underpins [3]. MSPA contains a dielectric substrate
with some relative permeability and permittivity sandwiched
between the two conductors (i.e. radiator and ground plane).
The notion about the MSPA was originated in 1953, before the
practical antennas [4]. MSPA apparatus can be activated by
assortment of strategies. These strategies can be characterized
into two classifications non-contacting and contacting [5].
MSPA are designed by various feeding techniques such as: -
coaxial probe, microstrip line, aperture coupling and proximity
coupling. The frequently used feeding technique is the
microstrip line because of ease of fabrication and integration.
The most important part of MSPA is the ground plane. Due to
the fringing effect between the ground and patch the radiation is
emerged in MSPA [6]. By utilizing numerous substrate,
distinctive thickness of substrate, distinctive states of patch,
numerous sizes of patch, completely different feeding
procedure, distinctive position of feed a feed line is employed
to empower the reception equipment for creating radiation by
prompt and deviant contact. [7].

Lately, with the approach of new measures and smaller
gadgets, there emerged a requirement for compact multiband
antenna, which is being accomplished by different strategy. Out
of available data transfer capacity enlargement procedures,
cutting slots and indents of various sizes and shapes in the
ground plane or in the front patch is for the most part utilized
without disquieting the volume of the structure [8]. To improve
the Transfer speed (TS) of the MSPA one conceivable technique
is the alteration of the width of patch and thickness of the
substrate. All things considered, legitimate enhancements
should be improved the situation keeping up the coveted focus
or full recurrence. As of late, upgrade of the TS has been
exhibited by the specialists with the utilization of different
outlines including modification of shape and patch [9]. The
MSPA apparatuses has request in communication and radar
frameworks because of minimal effort, simple to plan, and
backings both roundabout and direct polarizations, utilized in
extensive Ultra-wideband (UWB) applications [10]. To enhance
the gain and operational transfer speed, a successive stage feed
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has been widely utilized for the antenna [11]. Hypothetically, it
was demonstrated in many spearheading literary works that the
directivity of a customary rectangular patch antenna apparatus
is just a component of its electrical width and length. Under the
proportionality of a two-opening exhibit, growing the electrical
size of patch is by all accounts the main viable approach to
upgrade its directivity [12-15].

A. Contributions

The main contributions of this paper are as follows:-

» A compact slotted patch multiband antenna that can be
utilized for various applications, such as, S-band (3.1
GHz), C-band (4.7/6.4/7.6 GHz) and X band (8.9/10.4/11.8
GHz), thus satisfying the need of optimum smart antenna
technology is proposed.

» The antenna configuration consists of a rectangular

radiator with % E-shaped slot etched out. The advantage of

this slot is that it helps in achieving compactness as well
seven operating bands by modifying the surface current
path of the radiating patch.

» The microstrip feed line is placed in such a manner that
good impedance performances are obtained at the
aforementioned seven operating bands.

» The obtained gain from the proposed compact antenna is
greater as compared to the antennas presented in [1-21].

» The main advantage of the proposed design is its compact
size, planar structure, seven different operating bands, high
gain and simple design which make it very efficient to be
integrated with various portable wireless handheld devices.

I1. DESIGN OF MULTIBAND ANTENNA

The proposed antenna structure is modeled on FR4 substrate
(height =1.6 mm, &, = 4.4 and § = 0.02) with compact size of
32 x 32 mm?, as detailed in Fig. 1. The proposed design consists

of the ground plane and radiating patch loaded with %E—shaped

slot which are jointly used as a single antenna as shown in Fig.
1. The E-shaped slot is engraved on the front patch (basically a
radiator) of the antenna. The E-shaped structure is the
elementary structure. The outline procedure of the proposed E-
shaped structure is very simple for implementation in different
handheld gadgets. The detailed E-shaped slot antenna
dimensions are illustrated in Table I. The presentation of this E-
shaped slot adjusts the electrical current length path because of
which antenna works in multiband mode with the frequencies
of 3.1/4.7/6.4/7.6/8.9/10.4/11.8 GHz. The designed patch
antenna is excited by microstrip feed line to achieve good
impedance match at the operating bands.

A. Antenna Design Equations

The width and the length of the proposed antenna can be
calculated by the following design equations
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B. Design Methodology

The proposed antenna design and its detailed dimensional
layouts are illustrated in Fig. 1 and Table | respectively. The
antenna consists of a rectangular patch(L1 x W1) in which an

% E-shaped slot (L3 x W3 x W7 x L5) is etched out. The

overall impedance match is provided by microstrip feed line
(L6 x W10) using lumped port excitation. The design and the
structure of the proposed antenna are intended to be used for S-
band (3.1 GHz), C-band (4.7/6.4/7.6 GHz) and X-band
(8.9/10.4/11.8 GHz) applic%t\ji)ns.

" a
- L

3

L1 L2

Fig. 1. Physical layout of the proposed antenna

TABLE |
DIMENSIONAL DETAILS OF THE PROPOSED DESIGN

PARAMETERS DIMENSIONS (mm)
L1 32
w1 32
L2 16
W2 20
L3 6
W3 16
L4 5
W4 6.3
L5 6
W5 6.7
L6 10
W6 1
W7 1
W8 1
W9 9
W10 2
w11 9

C.Analysis of the proposed Antenna

The analysis of different slot structures are carried out before
finalizing the proposed %E—shaped as presented in

Fig. 2.Correspondingly, the Si; values of these analyses are
presented in Fig. 3. First a simple rectangular slot is etched out
in the radiating patch which makes the “Design 1 (Fig. 2) to
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operate at 3.8/6.6/9.0 GHz (Fig. 3). Further modification of this
slot in to L-shaped slot (i.e. “Design 2”, Fig. 2) makes the
antenna to operate at 3/6.4/7.3/8.5 GHz (Fig. 3). Modification
of L-shaped slot in to F-shaped slot (“Design 37, Fig. 2) disturbs
the current path of the radiator as a result of which antenna in
“Design 3” operates at 3.6/6.5 GHz (Fig. 3). Finally, to obtain
more no multiple bands we lastly optimize the F-shaped slot to
E-shaped slot (i.e. proposed “Design 47, Fig. 2). This
modification further affects the surface electrical current path
and thus making the antenna to finally operate at
3.1/4.716.4/7.6/8.9/10.4/11.8 GHz, as depicted in Fig. 3.

i

Design1 Design2 Design3  Design4
(Proposed
Design)

Fig. 2. Evolution steps of the proposed antenna structure.
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Design 3 Band2
-30] ——Design 4 (Prop.)

2 4 6 8 10 12
Freq.(GHz)

Fig. 3. Evolution design variation of Sy; results

Band3

D.Parametric Analysis

So as to investigate the operational execution of the proposed
Hepta (seven) band antenna with the changes in the optimized
measurements, its parametric examinations are completed as
outlined in Fig. 4. These parametric examinations are analyzed
in three conditions, they are: - (1) changes in length L3, (2)
changes in length L5 and (3) changes in length L4 of the E-
shaped slot. The investigations of the slots present in the
radiating patch are done in detail to demonstrate its impact on
the impedance coordinating of the multiband MSPA. All the
investigations are accomplished by changing L3, L4 and L5,
while keeping other measurements unchanged. For the
conditions, (1) and (2) length L3 and L5 is shifted from 5 to
7mm at a stage of 1 mm, as represented in Fig. 4(a) and (b). It
very well may be seen that when L3 and L5=5 and 7 mm, the
band at 10.4 GHz is lost. In this way for best impedance
coordinating at all the frequencies the length of L3 and L5=6mm
is picked as the optimized dimensions. Fig. 4(c) indicates the
parametric variation of L4 in which the length of L4=5mm

provides better impedance matching when compared to L4=4
and 6mm, hence L4=5mm is taken as optimized dimension.

01=

.......

=] 3=6 mm
=L 3=7 mm
2 4 6 8 10 12
Freq. (GHz)
(@)

$11 (dB)

2 4 6 8 10 12
Freq. (GHz)
(b)

S11 (dB)

—L4=4'mm
—] 4=5 mm
—] 4=6 mm

2 4 6 8 10 12
Freq. (GHz)
©
Fig. 4. Parametric study of (a) L3, (b) L5 and (c) L4

I1l.  RESULTS

The simulation of the antenna design structure outlined in Fig.
1 is carried out by using HFSS v.13.0 on widely and available
low cost FR4 substrate with &, of 4.4 and height of 1.6mm. The
estimated Si1 (reflection coefficient) of the proposed design is
illustrated in Fig.5. It is clearly observed that antenna shows
multiband operation in which the 1% resonance is observed at
3.1GHz and 7" resonance is observed at 11.8GHz. The
simulated-10dB impedance bandwidth of the antenna at
3.1/4.7/6.4/7.6/8.9/10.4/11.8 GHz are 200/400/500/300/450/
100/250 MHz respectively. The accomplished bandwidth is
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adequate to meet the necessity of S-band (3.1 GHz), C-band
(4.7/6.4/7.6 GHz) and X-band (8.9/10.4/11.8 GHz) applications.

A. VSWR and Input Impedance

The VSWR (voltage standing wave ratio) of the proposed
antenna design structure is presented in Fig. 6. It is clearly
noticed that the antenna has required VSWR values of
1.28/1.16/1.12/1.47/1.10/1.76/1.33 for all the resonating
frequencies 3.1/4.7/6.4/7.6/8.9/10.4/11.8 GHz, respectively.

The input impedance of the antenna is presented in Fig. 7. The
antenna has an input impedance of (64+1.7j),(55+6.3j),
(53+5.2j),(69-12.2j),(48-4.8j),(30-10.4j) and(58+12.8j) at the
operating frequencies of 3.1/4.7/6.4/7.6/8.9/10.4/11.8 GHz,
respectively.
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Fig. 5. Simulated Si; (reflection coefficient) of the proposed design
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Fig. 7. Simulated input impedance
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B. Current Distributions

The current distributions at the surface of the antenna at the
different operating frequencies are illustrated in Fig. 8. For band
1 (3.1 GHz) maximum current distribution is observed at the
edges of the E-shape slot. Similarly, for the remaining bands the
different part of the antenna structure and E-shaped slots have a
corresponding resonant path length.
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Fig. 8. Distribution of surface Current at (a) 3.1, (b) 4.7, (c) 6.4, (d) 7.6,
(e) 8.9, (f) 10.4 and (g) 11.8 GHz

C.Gain

The 3D gain plots of the proposed design are illustrated in Fig.
9. It can be noticed that the antenna has an excellent gain at all
the resonant bands even though it has a compact size. At
3.1/4.7/6.4/7.6/8.9/10.4/11.8 GHz a gain of about
4.54/5.97/3.46/2.41/6.51/4.14/  6.51 are  obtained
respectively.

dB
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Fig. 9. Simulated at (a) 3.1, (b) 4.7, (c) 6.4, (d) 7.6, (e) 8.9,(f) 10.4 and (g) 11.8 GHz
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D. Radiation Pattern

The radiation pattern for the proposed antenna for condition
Phi=0° and 90° for all the resonating frequency bands are
presented in Fig.10. It can be analyzed that for @=90° antenna
shows omnidirectional pattern and for @=0° it shows almost
bidirectional pattern.

To show the advantage of the proposed antenna with those
similar types available in the literature a comparison is made
and is presented in Table Il. From the table it can be clearly
studied that the proposed design has greater advantage in terms
of size, number of operating bands, and bandwidth over its
counterparts.
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Fig. 10. Simulated radiation pattern at (a) 3.1, (b) 4.7, (c) 6.4, (d) 7.6, (e) 8.9, (f) 10.4 and (g) 11.8 GHz
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TABLE Il
COMPARATIVE ANALYSIS OF THE PROPOSED CONFIGURATION
Size l\(l)(;. Freq. .Of
Ref. (mm?) Band Operation % BW Appl.
s (GHz)
Lower/Up
[14] 20 % 20 2 2.4/5.45 18.2/2.8 per Wi-Fi
[16] 9x8 2 | 2.95/5.23 - WLAN
13.7/10. | WiMAX/
[17] | 29x32 3 2.4/35/5.8 095509 | WLAN
6.45/3.0 .
3 2.5/3.4/5.7 WiMAX/
111710 GNSS/WL
[19] | 28x30 4 1.6/2.5/5.8/9.8 2| AN/Wi-
band
6.06/8.3 | gpgy
[20] | 27 %29 4 15/2.4135/52 | 3/55/5.9 | WiMAX/
4 WLAN
4.1/5.7/1 | WLAN/Wi
[21] | 40x35 | 5 | 2H2TATSEL | 65560 | -MAXIC-
838 23 band/X-
band
6.5/8.5/7 | WiMAX/
Prop | 32x32 | 7 3;4‘/%’%/‘1’175/ 6/3.95. | WLAN/
SRS 7/1.2/2.2 | C-band/
X-band

IV. CONCLUSION

This research presents a compact slotted MSPA loaded
with E-shaped slot with seven frequency bands (i.e.

3.1/4.7/6.4/7.6/8.9/10.4/11.8 GHz). It utilizes an%E-

shaped slot that makes the antenna to radiate in seven
bands. Parametric investigation demonstrates that the
slight change in the dimension of E-shaped slot influences
the surface current dispersion of the patch which thus
influences the operating frequencies of the MSPA. The
antenna has a tuning range of 6.45% (3.2-3.0GHz), 8.5% (4.9-
4.5GHz), 7.6% (6.7-6.2GHz), 3.9% (7.8-7.5GHz), 5.7% (9.1-
8.6GHz), 1.2% (10.44-10.35GHz) and 2.2% (11.87-11.62GHz)
with the gain of 4.38/5.98/3.48/2.41/6.51/4.14/6.51 dB at
the operating frequencies 3.1/4.7/6.4/7.6/8.9/10.4 and 11.8
GHz, respectively under simulation. The proposed
configuration produces better outcomes as far as gain,
radiation pattern, VSWR is in the scope of 1- 2, great
reflection coefficient and impedance coordinating for all the
frequency bands. Also, it is easy to plan and fabricate. Future
work includes the integration of the proposed MSPA with
metamaterial (especially split ring resonator) keeping in
mind the end goal to make the antenna more compact. Good
impedance matching, acceptable radiation performances and
good gain makes the proposed configuration an attractive
candidate for S-band, C-band and X-band applications.
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