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ABSTRACT

A microstrip line-fed suspended square slot antenna with
parasitic patch is presented. The proposed antenna is excited by
a microstrip line feed placed at the bottom side of the substrate.
The antenna geometry gets excitation via EM coupling. In this
structure circular polarization (CP) is also obtained with
suspended air gap and CP frequency can be switched between
4 5GHz to 5.5GHz. Thus, a 3 dB axial ratio bandwidth of about
4.32% is obtained. This structure exhibitsimpedance bandwidth,
which is over 20.83%. The antenna was optimized with
Ansoft’s HFSS software and was validated through a prototype.
Measured results fairly agree with the simulated data.
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1. INTRODUCTION

Planar antennas have become wide area of interest for the
antenna designers because of their unique features like compact
size, multiband operation etc. Number of researchers has
reported their works on wideband and circularly polarized slot
antennas [1-14]. Printed slot antennas are widely used in a
variety of communication systems because wide-slot antennas
have two orthogonal resonance modes [1]. Therefore, printed
slot antennas have recently received a great deal of attention
from researchers. Each slot shape requires a feed stub of
appropriate shape. For example, in [2], a printed wide-slot
antenna fed by a microstrip line with a fork-like tuning stub has
been used to obtain broad bandwidth through the proper
parameters of the fork-like tuning stub.

S. Wei etal., [3] presented a square-patch-shape feed with
round corners at four vertexes. In another work [4], a novel
bandwidth enhancement technique for microstrip-line-fed wide-
slot antenna based on fractal techniques has been reported. Yet
another work by W. Chen et. al. [5], two resonance modes and
rotation angle (with respect to center of square wide slot) for
enhancement  of  impedance  bandwidth.  Bandwidth
enhancement can also be achieved by tapering the feeding Line

[6].

The modifications include for circular polarization are adjusting
the dimensions of the basic patch with one or more feeds,
trimming the corners of a square patch, feeding the patch at
adjacent sides, feeding the patch (rectangular) from its corner
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along the diagonal, and Cutting a slot inside the patch.Various
slot combinations are reported to obtain compact/broadband
circular polarization [7]. It is well known that transmitting and
receiving antennas are less sensitive to their respective
orientations when their radiation patterns are circularly
polarized (CP) [8]. The circularly polarized antennas are often
utilized in radar, satellite, radio frequency identification
(RFID), navigation, and sensor systems [9].

The main advantage of single-feed circularly polarized
microstrip antennas is their simple structures that do not require
an external polarizer [10]. They can therefore be realized more
compactly by using less board space than the dual feed
circularly polarized antennas. Many designs of single-feed
circularly polarized microstrip antennas with square or circular
patches have also been reported. To obtain compact circular
polarization (CP) operation, some designs by embedding a cross
slot of unequal slot lengths in the circular patch or inserting slits
of different lengths at the edges of a square patch have been
proposed recently [10]. The well known method to obtain
circular polarization using single-feed patch antenna is slotted,
truncated corner of square patch antenna .Since the two near-
degenerate orthogonal modes of equal amplitude and 90 phase
difference were excited, the purity of polarization will be
relatively less. For these single-feed patch antennas, the
measured impedance bandwidth for a VSWR <2 and 3 dB axial
ratio bandwidth are less than 3% and 1%, respectively [11].

The main advantage of circular polarization is its greater
flexibility in orientation angle between transmitters and
receivers against linear polarization, better mobility, weather
penetration, reduction in multipath reflections, and other kinds
of abilities of anti-interference. Hence, circularly polarized
microstrip antennas find applications in radar, navigation, and
satellite communication realms [12]. The configuration of the
SWSA (Strip loaded wide slot antenna) with a circular slot and
reduced ground plane, and it is fed by a microstrip line, where a
substrate with a relative permittivity of 2.33 and thickness of
0.787 mm is used [13].

Antenna configuration has been explained in Section 2. Section
3 presents the optimization procedure. The experimental
validation of the optimized geometry is presented in Section 4.
Finally, the work is concluded in Section 5.



Communications on Applied Electronics (CAE) — ISSN : 2394-4714
Foundation of Computer Science FCS, New York, USA
Volume 1—- No.3, February 2015 — www.caeaccess.org

a7

37

CENTER

I
Parasitic patch lﬂ.ntalrd slot

TOP VIEW

CENTER

JT: 5.5

stripline L=13

/

s
i

Feed Ene

stripline w=3

BOTTOM VIEW

Figl: Geometry and dimensions of antenna

2. ANTENNA CONFIGURATION

Fig 1 shows the geometry and dimensions of the proposed
antenna, the printed wide slot is chosen to be a square in order
to excite two modes with close resonant frequencies. For
exciting the operating frequencies at around 4.5-5.5 GHz, the
printed square slot rotated with an angle 45 and is printed on an
FR4 substrate of thickness 1.6 mmand ¢, = 4.4.

The ground plane is also chosen to be square with dimensions

37mm x 37 mm. This patch is fed by a 50Q microstrip line with
a simple tuning stub having a straight length of L mm, which is
printed on the opposite side of the microwave substrate. For
design simplicity, the width of the tuning stub is chosen to be
the same as that of the 50 ohm microstrip line. Simulated results
show that square slot antenna with various dimension changes
for circular polarization. The correct values can be optimized by
observing the reflection coefficient & axial ratio of the antenna
which is explained in detail in Section 3.

Table 1.Dimensions for the antenna geometry shown in Fig 1

Parameters h|S S, | Log

W(SR)

L(SR) [w | L |ST(L) | STw) | AG

Value(mm) | 1.6 | 24.7 | 12 | 55

13 37|37 | 114 | 45 8

Patch

Feed line

Air gap h=8

="

Substrate h=1.6mm

Groond plane

Fig 2: Layered geometry

3. GEOMETRY OPTIMIZATION AND
PARAMETRIC STUDY
3.1 Effect of Air Gap (AG)

The proposed microstrip-line-fed square slot antenna has been

constructed and studied on [1] HFSS, a software 3D tool by
ANSOFT. By varying the parameter Air Gap (AG) in Fig 2, the
measured return loss and axial ratio results of several design
examples are shown in Fig 3.
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Fig 3: Return loss and axial ratio results with variation in air gap

Table 2.Effect of air gap (AG) on AR bandwidth

Air Gap(mm) 4

Frequency Range --
(AR< 3dB) (GHz)

AR BW (%) -

8 10 12
452-4.72 | 4.43-461 | --
4.32 3.98 --

This work uses the structure similar to the geometry proposed
in [1]. However, besides enhancing the bandwidth we
introduced circular polarization excitation which is required in
most of the commercial wireless applications. It is observed that
the reflection coefficient of antenna has a promising result at air
gap height is 20mm. It is further improved if air gap dimensions
are reduced till 8mm. It is also investigated that the decrease in
the air gap height from 10mm to 8mm results in axial ratio
improvement.

3.2 Effect of Length and Width of Slot (ST)

The proposed antenna with various parameters of length and
width of slot (ST).The circular polarization (CP) can be
obtained by cutting the slot inside the patch. The RHCP and
LHCP pattern of the antenna is primarily depend on direction of
that slot inside the patch. From Fig 4 (a) it is observed that the
reflection coefficient is deeper long below -10dB in the given
frequency range & axial ratio bandwidth (ARBW) is also better
than 11.1mm length shown in Fig 4 (b).

10



Communications on Applied Electronics (CAE) — ISSN : 2394-4714
Foundation of Computer Science FCS, New York, USA
Volume 1— No.3, February 2015 — www.caeaccess.org

0 S e N e (N A A I TTTT YY) ST L=11mm
) e, | ] e T e - -

_ -10 S '\\\ o = ST L=11.2mm
2 0 S\ Tk e/ ST L=11.4mm
& N/ T Q/ - — = STL=11.6mm

-30 — . — STL=11.8mm

-40

4 425 45 475 5 5.25 55 575 6
Frequency(GHz)

(a) Return loss Vs. Frequency plot for variation in slot (ST) length (L)

5 RV ; Il ......... ST L=11mm
(W X ;
_ 4 \ |‘ B Ly B D ST L=11.2mm
= o]
T 3 VX
= [ i ST L=11.4mm
« 2 \ e
) X = = = ST L=11.6mm
Vv
\
o =+ = ST L=11.8mm
4 4.5 5 5.5 6
Frequency (GHz)

(b) Axial ratio Vs. Frequency plot for variation in slot (ST) length (L)

Fig 4: Return loss and axial ratio results with variation in slot length

The width of slot (ST) is varied from 1.5mm to 7.5mm in steps
of 1.5mm. The return loss characteristics of this study are
shown in Fig 5 (a). The maximum bandwidth is 20.83% for the
slot width w=4.5mm and other parameter kept constant. It is
seen that the slot inside the patch is responsible for circular
polarization the width of slot is also responsible for circular

polarization. From Fig 5 (b) it is observed that as the slot width
is increase from 1.5mm to 4.5mm the curve is falling down
below 1dB at the frequency 4.58GHz. So the arrangement of
slot width for the geometry is optimized for frequency 4.5GHz.
Table 3 and Table 4 show all summarized result.

o +—+—+—F+—r———— . ST w=1.5mm
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(a) Return loss Vs. Frequency plot for variation in slot (ST) width (w)
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Fig 5: Return loss and axial ratio results with variation in slot width
Table 3.Effect of slot length on AR bandwidth

Slot length (mm) 11.0 11.2 11.4 11.6 11.8
Frequency range | 4.65-4.83 | 4.59-4.78 | 4.52-4.72 | 4.43-461 | --
(AR< 3dB) (GHz)
AR BW (%) 3.79 4.05 4.32 3.98 -
Table 4. Effect of slot width on AR bandwidth
Slot width (mm) | 1.5 3 4.5 6 75
Frequency range - | 4.64-481 | 4.52-4.72 | 4.48-4.58 | 4.41-4.53
(AR< 3dB) (GHz)
AR BW (%) -- 3.60 4.32 2.20 2.68

3.3 Effect of Strip Line (SR)

A parasitic patch is fed by strip line at the bottom of the
substrate. The strip line excites the patch located on other side
of the substrate as shown in Fig 2. Strip line length is varied

from Fig 6 that the geometry gives the optimized result at

from 11mm to 19mm for better AR bandwidth. It is observed Table 5.
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(a) Return loss Vs. Frequency plot for variation in stripline (SR) length

length =13mm by other parameters kept constant. Return loss
characteristics and axial ratio show optimized bandwidth
characteristics for L=13mm. All these results are summarized in
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Fig 6: Return loss and axial ratio results with variation in strip length
Table 5: Effect of strip length on AR bandwidth

Stripline (SR) (mm) 11 13 15 17 19
Frequency range | 4.52-4.71 | 4.52-4.72 | 4.52-4.71 | 4.49-4.67 | 4.42-4.57
(AR< 3dB) (GHz)
AR BW (%) 4.12 4.32 4.12 3.93 334
4. EXPERIMENTAL VALIDATION OF ——— Simulation result
THE GEOMETRY AND DISCUSSIONS = = = Measurment result
The geometry shown in Fig 7 with its optimizeddimensions Y QY [ [ [ [ [ [ [ |
presented in Table 1 was fabricated and tested.The substrate 10 T |~ |t
used for the fabrication is the FR4 glassepoxy with dielectric - TR~ N s
constant of 4.4 and height equal to 1.6mm. A photograph of - 20 N4
thefabricated prototype is shown in Fig 7. Return :::
losscomparisons of measured and simulated values aredepicted 30
in Fig 8. From Fig 8 it may be noticed that the measured results
fairly agreewith the simulated return loss characteristics. -40

Radiation patterns across the CP band are shown in Fig 9, and
from these patterns it may be noticed that LHCP & RHCP
patterns exhibit similar radiation characteristics.

Fig 7: Photograph of the fabricated antenna

4 42545475 5 5.25555.75 6
Frequency(GHz)

Fig 8: Return loss characteristic plot of the proposed
antenna shown in Fig 1

13




Communications on Applied Electronics (CAE) — ISSN : 2394-4714
Foundation of Computer Science FCS, New York, USA
Volume 1—- No.3, February 2015 — www.caeaccess.org

-180

(b) 5GHz
o

(c) 5.5GHz
Fig 9: Radiation pattern at different frequencies in AR
operating band

5. CONCLUSION

In this paper, the microstrip line fed printed wide slot microstrip
antenna was presented for circular polarization. A diagonal slot
was used to excite circular polarization and slot dimensions
were optimized to maximize the AR bandwidth. The proposed
geometry exhibits the return loss less than -10dB and the
impedance bandwidth is 21%. The geometry has also AR
bandwidth of 4.32%. By changing the height of air gap and slot
dimensions LHCP and RHCP operation may be obtained by
keeping other parameters constant. Also, further scope of the
work includes further enhancement of CP and impedance
bandwidths. Furthermore, the antenna has to be analytically
modeled to understand its behavior for geometrical changes.
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