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Gain and Bandwidth Enhancement of a CPW-Fed Bidirectional
Dumbbell Shaped Slot Antenna Using PRS

Ameet M. Mehta®> 2 *, Shankar B. Deosarkar!, and Anil B. Nandgaonkar!

Abstract—A bidirectional, coplanar waveguide (CPW) fed dumbbell-shaped slot antenna with
partially reflecting surface (PRS) with parasitic patches for gain, bandwidth, and radiation pattern
improvement is investigated. A dumbbell-shaped CPW-fed slot antenna has a dimension of 0.71\; x
0.71)4 x 0.0571)4. The proposed antenna is simple in design and has low profile structure. To achieve
improvement in bandwidth, gain, and bidirectional radiation pattern, PRS with parasitic patches are
placed on top and bottom of antenna at a distance of 0.25\,. The proposed design yields wide bandwidth
of 4.11 GHz (4.48-8.59 GHz) with percentage bandwidth of 62.89%, S11 < —10dB, and peak gain of
5.61dBi. The variation in the gain over desired bandwidth is less than 3dB. The antenna is fabricated
using an FR4 substrate with relative permittivity of 4.4. The measured results corroborate the design
and stipulate the proposed structure to be suitable for applications in C band.

1. INTRODUCTION

The C band has a variety of applications such as WLAN and RFID [1-4]. The frequency of the C band
ranges from 4 to 8 GHz and houses important standards like IEEE802.11a and HIPERLAN/2. These
standards accommodate data rate up to 54 Mbps in 5 GHz ISM band [1,2]. The IEEE 802.11a defines
bands from 5.15 to 5.25 GHz, 5.25 to 5.35 GHz, and 5.725 to 5.825 GHz [4]. HIPERLAN/2 defines a
band from 5.15 to 5.35 GHz and 5.47 to 5.725 GHz [1, 3]. Another important application in this band
is Radio Frequency Identification (RFID) which uses 5.8 GHz band. The Sub-6 GHz band is also used
for 5G mobile communication.

Low-profile antennas like microstrip antenna (MSA) and coplanar waveguide (CPW) fed slot
antennas are used in applications where size, cost, weight, performance, and simplicity in design are
constraints. MSA provides narrow bandwidth, and the structure is generally in terms of \/2 times the
resonating frequency [5]. The problem of narrow bandwidth can be overcome by creating slots in the
patch or other techniques as presented in [6-10]. Generally, it is found that the perimeter of the slot
ring is 1.5\, and the perimeter of the feed line is Ay [11,12]. The length of the dipole patch is 0.5\,
for capacitive type feed [13].

Over the years, partially reflecting surfaces (PRSs) with one or more layers of periodic patches on a
dielectric substrate known as a frequency selective surface (FSS) is used efficiently as a superstrate which
leads to low-profile resonant cavity antenna (RCA) devices [14-16]. The study of PRS as metamaterial
was first proposed in [14]. The wideband capabilities of FSS layer like PRS were investigated in [15]
but the available bandwidth is limited by the intrinsic characteristics of the magnitude and phase of
the reflection characteristics of the single layer F'SS based PRS designs. Several techniques for linearly
polarised antennas for gain and bandwidth enhancement using PRS have been investigated [17-19]. High
directivity antenna using PRS as a superstrate at a distance of A\g/4 from ground plane is investigated
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in [20]. FSS single layer on single side has been studied in [24-31], and the FSS layer increases the gain
considerably but also makes the antenna design bulky and complex. A 7 x 7 FSS element array is used
which increases the complexity of the antenna structure [26]. F'SS elements on both sides of substrate
have been studied in [27,28]. A 4 x 4 F'SS element array is placed at the bottom of the antenna [27].
A 5 x 5 FSS element array is placed on top of the antenna structure [28]. This placement improves the
gain, but percentage bandwidth is greatly affected. A CPW-fed wideband RCA with two layer PRS
superstrate has been studied in [30].

Certain areas like corridors, elevators, railways, and tunnels, where the movement of mobile users
is along the straight path bidirectional antenna is preferred in order to achieve maximum efficiency [22].
To achieve bidirectional characteristics, two unidirectional antennas are installed in opposite planes,
or two radiating elements are placed back to back. Placing two unidirectional antennas in opposite
direction not only increases the volume but also has certain design complexities. There also arises a
problem with feeding network, and such designs are also prone to have mutual coupling effects.

In this paper, a bidirectional, CPW-fed dumbbell-shaped slot antenna with PRS with parasitic
patches for gain, bandwidth, and radiation pattern improvement is proposed. At first, the PRS with
parasitic patches are placed on top of the antenna, and then the PRS with parasitic patches is placed on
top as well as at the bottom of the antenna. The basic dumbbell antenna design resonates between 4.32-
and 8.47 GHz with bandwidth of 4.15 GHz and maximum gain of 3.18dBi. A bandwidth of 4.1 GHz
(4.5-8.6 GHz) and a maximum gain of 5.5dBi are achieved by placing PRS with parasitic patches on
top of the antenna. When PRS with parasitic patches are placed on top as well as at bottom of the
antenna, the bandwidth obtained is 4.12 GHz (4.55-8.67 GHz) with maximum gain of 6.05dBi. The
fabrication and testing of prototype antenna are done, and a good agreement is obtained between the
simulated and measured results.

2. DESIGN OF ANTENNA

The geometry of the proposed CPW-fed slot antenna is as shown in Fig. 1. The fabrication of the
antenna is done using an FR4 substrate with relative permittivity of 4.4 and loss tangent value around
0.02. FR4 substrate provides ease in manufacturing and is less expensive. The antenna substrate has
dimensions of 0.71\y x 0.71A, x 0.0571),, where A, is the guided wavelength calculated at the first
resonating frequency using following equations.

At First Resonating Frequency Ag = © (1)
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Figure 1. Geometry of the proposed antenna. (a) CPW fed dumbbell shaped slot antenna. (b) PRS
with parasitic patches. (c) Fabricated prototype.
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Calculate the value of guided wavelength
Ao
(2)
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A dumbbell-shaped dipole patch is etched in the slot layer. The slot is fed by CPW feeding structure.
The perimeter of the rectangular slot is 1.64)\;. The CPW feedline is capacitive feed designed for 50-(2
characteristic impedance. The strip line has a width of Wy, and the spacing between the strip line and
coplanar ground plane is W,.. The proposed antenna is designed in CST Studio Suite 2021 and has a
uniform thickness of 0.035 mm.

The dumbbell-shaped MSA has dimensions of 0.47A; x 0.18)\,. The length Sy is varied to get
parametric analysis, and S7; is plotted for varying Sy, shown in Fig. 2(a). The value of Sy is varied
from 6.1 mm to 6.6 mm, and the value selected is 6.2 mm.
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Figure 2. S1; plot for parametric analysis. (a) Si; plot by varying Sy. (b) S11 plot by varying Sz.

The length of Sz is varied to get the parametric analysis; S1; is plotted for varying Sz and shown
in Fig. 2(b). The value of Sz is varied from 4.25 mm to 5.25 mm; the value selected is 5mm. The Si;
plot shows that the lowest resonating frequency is 5.15 GHz, while the bandwidth obtained is 4.15 GHz
between f; = 4.32 GHz and fo = 8.47 GHz. The maximum gain obtained from the design is 3.18 dBi at
7.6 GHz.

(a) (b) (c) (d)

Figure 3. Geometry of the proposed antenna with PRS with parasitic patch. (a) Antenna with PRS
with parasitic patches on top. (b) Antenna with PRS with parasitic patches on top and bottom. (c)
Fabricated prototype of antenna with PRS with parasitic patches on top. (d) Fabricated prototype of
antenna with PRS with parasitic patches on top and bottom.
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2.1. Antenna with PRS with Parasitic Patches

The PRS with parasitic patch is designed on the FR4 substrate with relative permittivity of 4.4 and loss
tangent value around 0.02. The patch has a dimension of 2.5 mm, and the gap between two patches is
0.5 mm. The patch is placed on single as well as both sides of the antenna. The simulation is performed,
and parametric analysis is done with regards to the distance between the antenna and PRS with parasitic
patches, and the distance considered is A\;/4 between the antenna and the patches. Fig. 3(a) shows the
proposed antenna with PRS with parasitic patches on top. Fig. 3(b) shows the proposed antenna with
PRSs with parasitic patches on top and bottom, while Fig. 3(c) and Fig. 3(d) show the fabricated
prototypes.

Parametric analysis with regards to the distance between the patches and the patch size is simulated.
Fig. 4(a) shows Si; plot by varying the distance between the patches and the antenna, and the value
selected is dz = 7Tmm. Fig. 4(b) shows S1; plot by varying the width of patches Rx. The best results
are obtained at Rx = Ry = 2.5 mm.
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Figure 4. Si; plot for parametric analysis. (a) S11 plot by varying distance between antenna and PRS
with parasitic patches ‘dz’. (b) S11 plot by varying parasitic patch size Rzx.

3. SIMULATED AND MEASURED RESULTS

The results were simulated using CST Studio Suite 2021. The reflection coefficient (S71) measurement
was done at the facility provided by IIT, Bombay using Agilent 8722ET vector network analyser (VNA).
The radiation pattern measurement was done at the facility provided by BITS Pilani, Goa using anechoic
chamber measurement setup. A bidirectional, CPW-fed dumbbell-shaped slot antenna with PRS with
parasitic patches was fabricated and tested. The simulated and measured Si1 plots for the three
configurations of antenna are shown in Figs. 5(a), (b), and (c¢). Fig. 5(d) shows the simulated and
measured gains for the three configurations of antenna. The basic dumbbell-shaped antenna shows the
bandwidth of 4.12 GHz (4.21-8.33 GHz) with percentage bandwidth of 65.70%, and the measured gain is
3.01dBi at 7.6 GHz. For the antenna with PRS with parasitic patches on top, the measured bandwidth
is 4.01 GHz (8.44-4.43 GHz) with percentage bandwidth of 62.31%, and the measured gain is 5.16 dBi
at 7.6 GHz. For antenna with PRS with parasitic patches on top and bottom, the measured bandwidth
is 4.11 GHz (8.59-4.48 GHz) with percentage bandwidth of 62.89%, and the measured gain is 5.61 dBi
at 8 GHz. The maximum measured gain is around 6 dBi for the antenna with PRS patches.

Figures 6, 7, and 8(a), (b), and (c) show the normalized radiation patterns simulated and measured
for frequencies 5.14 GHz, 6.175 GHz, and 7.5 GHz. The measured cross-polarization level is —36.31 dB,
—29.27dB, and —17.16 dB, respectively. By adding PRS with parasitic patches on top of the antenna,
the cross-polarization improves at higher frequencies reducing it to —22.13dB (7.5 GHz) as shown in
Fig. 6. With the addition of PRS with parasitic patches, the cross-polarization further improves to
—26.27dB (7.5 GHz) as seen in Fig. 8, and the radiation pattern also improves making it radiate evenly.
The antenna radiates evenly in two directions making it bidirectional with a difference of < 1dB in
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Figure 5. Measured and simulated results. (a) S11 plot for basic dumbbell shaped antenna. (b) S11
plot for antenna with PRS with parasitic patches on top. (c) Si; plot for antenna with PRS with
parasitic patches on top and bottom. (d) Gain plot for all three configurations of antenna.

Figure 6. Measured and simulated radiation pattern of basic dumbbell shaped antenna. (a) 5.14 GHz.
(b) 6.175 GHz. (c) 7.5 GHz.

the main lobe. The radiation patterns of the antenna are stable and symmetrical in both planes. The
measured results are in close agreement with simulated ones.

The comparative analysis in Table 1 indicates that the proposed work has electrically small
dimensions, and the bandwidth, gain, and radiation pattern are improved as compared to existing
literature. The correlation between gain and bandwidth has been improved in the proposed work.
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Table 1. Comparison of proposed antenna structure.

Ref. Antenna siz.e, Material used, Frequency BW %BW Gain
Epsilon value
0.8X % 0.46X, x 0.02X, 4.5dBi at
[21] (CPW Fed Slot Antenna) 4.21-5.97 GHz 1.76 GHz | 34.50% | 5.6 GHz between
FR-4 4.4 4-4.58 dBi
0.21%, X 0.16), X 0.013X, 230;:527&122 f:gj?gg
122] (CPW F;(;_Sioi f ntenna) 5.15-5.35 GHz M M 2.9-3.5dBi
5.7-5.89 GHz 2.6-3.2dBi
1.08\, x 1.08X, x 0.076X,
[23] (Single Layer on Same 4.81-9.69 GHz 4.88GHz | 67.31% 9.18dBi
Substrate) Rogers 4350B 3.66
0.95X, x 0.95X, x 0.05X,
[24] (Single Layer Single Side Multiple 9.13-11.4 GHz 2.27GHz | 22.11% 8.4dBi
Substrate) Rogers RO4003C 3.55
1.07X0 x 1.07A, x 0.06),
[25] (Single Layer Single Side 3.26-5.84 GHz 2.58 GHz | 56.7% 11.1dBi
Multiple Substrate) FR-4 4.4
0.47X, x 0.47X, x 0.025),
[26] (Single Layer Single Side 3.6-6.1 GHz 2.5GHz | 51.54% 7.87dBi
Multiple Substrate) FR-4 4.4
0.675X, x 0.72X, x 0.036,
[27] (Single Layer Double Side 6.5-8.3 GHz 2.05GHz | 24.32% 6.25 dBi
Multiple Substrate) FR-4 4.4
1.03X, x 0.78\, x 0.021),
[28] | (Single Layer Double Side with lumped 8.15-13.2 GHz 5.05 GHz | 47.31% 7.8dBi
elements Multiple Substrate) FR-4 4.4
0.75X0 X 1.05A, Thickness 0.13)\,
[29] (Double Layer Single Side on 5.85-10.52 GHz 4.67GHz | 57.1% 8.8dBi
Multiple Substrate) Rogers 5880 2.2
1.28, x 1.28), x 0.68)\,
[30] (Double Layer Single Side 8.2-12.5 GHz 4.1GHz | 44.00% 13 dBi
Multiple Substrate) FR4 4.4
0.81X, X 0.81X, x 0.114X,
[31] (Double Layer Double Side 2.1-2.7GHz 0.6 GHz | 25.00% 5dBi
Multiple Substrate) FR4 4.2
0.34X0 X 0.34X, X 0.027X, Anteifi%‘;‘fgﬁ; Hy
(Basic Dumbell Antenna) Antenna with PRS 4.12GHz | 65.70% 3.01dBi
PW 0.34), x 0.34X, x 0.32), 4.01 GHz | 62.31% 5.16 dBi
(Antenna with PRS on on top — 44384 GHz 1 4y | 6o 899 5.61 dBi
top and bottom) FRA 4.4 Antenna with PRS on top
and bottom — 4.48-8.59 GHz

As compared to literature from [21,23-31] size of the basic antenna is considerably reduced. The
designed antenna structure with parasitic patches on top and bottom improves the percentage bandwidth
There is considerable improvement in the gain and radiation pattern
characteristics as compared to [21,22, 31]. The proposed work with PRS on top and bottom of the feed
antenna also has a flat gain response for the complete band and the gain improvement around 3 dBi
as compared to the basic feed antenna. Overall, the proposed CPW-fed slot antenna with parasitic

as compared to [21,24-31].

NM — Not Mentioned, PW — Proposed Work

patches on top and bottom provides better radiation characteristics than existing literature.
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Figure 7. Measured and simulated radiation pattern of antenna with PRS with parasitic patch on top.
(a) 5.14 GHz. (b) 6.175GHz. (c) 7.5 GHz.

Eg and E, when ¢=90° ——— simulated = = = = measured

Eg and E, when =0’ simulated ssresseseaa measured.

Figure 8. Measured and simulated radiation pattern of antenna with PRS with parasitic patch on top
and bottom. (a) 5.14 GHz. (b) 6.175GHz. (c) 7.5 GHz.

4. CONCLUSION

A bidirectional, CPW-fed dumbbell-shaped slot antenna with PRS with parasitic patches for gain,
bandwidth, and radiation pattern improvement has been proposed and demonstrated successfully.
Wideband performances have been achieved with bandwidths of 4.12 GHz, 4.01 GHz, and 4.11 GHz
with percentage bandwidths of 65.70%, 62.31%, and 62.89% for the three configurations. The radiation
pattern clearly indicates the bidirectional nature of the designed antenna. The variation in the main
lobe is less than 1dB in the two directions. The gain improvement is considerable with maximum gain
achieved around 6 dBi. The gain variation over the complete band is less than 3 dB which makes the
antenna a flat gain antenna. The radiation pattern improves by adding PRS with parasitic patches
on top and bottom. The presented structure has a wide applications in C band which houses many
standards and applications. The measured results substantiate validity of the design and concept.
Furthermore, the antenna structure designed in this paper is less complex and has a low profile.
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