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ABSTRACT

A novel compact coplanar slot antenna designed for UWB applications and presented in this paper. A slot antenna
with CPW feed technique is implemented which works more efficiently unlike antennas having microstrip feed line
feeding and leading to improved bandwidth in the antenna. The current antenna structure is included with serration in the
radiating element, which intern improved the bandwidth. Design and analysis of the proposed antenna is totally carried out
in Ansys Electronics Desktop (AED) tool. The bandwidth of this antenna ranges from 1GHz to 11GHz with a return loss
up to -40 dB at 2.6 GHz. The simulation results of radiation patterns, return loss, gain are presented in this work. A
comparison between antenna with serrations and antenna without serrations has also been done and the results are also

presented.
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1. INTRODUCTION

Basically an antenna is designed to ease the
overall communication process. To make this transmission
of information easier and efficient new techniques are
implemented in different antennas improving their
performance. At the early stage of this invention, the
requirement was for the antennas which work at different
frequencies and are called multiband antennas [1-4]. Later
on, increasing demands for wireless communication has
increased the need of compact antenna along with wider
band so as to increase the rate of data transmission. The
next invention was the use of printed antenna which
achieved multiband range of frequencies (WLAN,
WIMAX and ISM bands). Microstrip patch antennas are
one such evolution. These have many advantages over
other antennas, like low profile, can be printed on PCB’s
easily and also shows good radiation pattern, but they lack
the advantage of wideband for which they couldn’t be
used for emerging new technologies [5-8].

Next advancement in technology has come
through the development of slots in antennas. With
varying sizes and shapes of the slots in the antenna we can
bring changes in impedance bandwidth and also the
antenna working frequency range will be increased. The
design of slot antennas is simpler and also they are robust
in nature [9-12]. We can determine the radiation pattern
distribution from the shape and size of the
antenna.Previously L-shaped slot antenna, U-shaped slot
antenna, and rectangular slot antenna with stubs and
circular slot antennas were designed, but from the
literature review it has been concluded that these antennas
have a drawback of complex structure and limited
bandwidth. In printed slot antennas alignment problems
occur due to multiple layers of the antenna, hence we have
adapted CPW feed line technique which is a single layer

structure [13-15]. Also CPW has lower loss than the micro
strip line. When we use a CPW slot antenna it is easier to
integrate it with a system that utilizes fiber optics.We can
achieve good impedance match at these range by using
CPW feed line instead of normal microstrip feed technique
[16-19]. Also CPW has ground on the same plane of the
patch so this structure is simple and has single metallic
layer. Hence in this paper we presented a novel compact
CPW-fed printed slot antenna.

2. ANTENNA DESIGN

The basic antenna design has three models with
different number of slots which has successively improved
the return loss of the antenna. Hence the evolution of basic
antenna design is presented in Figure-1. The antenna we
have presented in this paper (Figure-2 and Figure-3) has
an overall size of 40X50 mm. This structure is simple
since it consists of single layer of substrate. FR4 epoxy
having a good throughput has been opted as the material
for substrate. It has dielectric constant &r=4.4. The width
of the substrate is w=1.58 mm. CPW that has been used in
this antenna is of width s=3.2mm which separates itself
from ground plane on either side with g = 0.4 mm. The
width and gap of CPW can be used to determine the
characteristic impedance of the antenna (Z)

_30n K(ko')
0_\/5 K(ko) (1)

Where the modulus of complete elliptic integralsK (k,"),
K(ky) are

k=, k= 1= ko @
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Figure-1. Evolution of basic antenna design.

Figure-2. Geometry of proposed antenna.

This is a single layer structure as we have
implemented both feed line and the ground plane on the
same plane upon the substrate. The results for the
proposed design are deduced from ANSYS Electronic tool
(HFSS). The dimensions of the antenna design are
mentioned in the Table-1.

Table-1. Dimensions of the proposed antenna.

Parameters erl;; Parameters 2’;1;;:
A 40 M 1.2
B 50 N 0.7
C 10 0] 0.7
D 8 P 0.5
E 19 Q 4
F 24 R

Cl 1.2 S 34
C2 1.4 X 0.6
C3 4 Y 0.5

Z 1.1

3. RESULTS AND DISCUSSIONS

The basic model of the antenna has been
modified by attaching a serrated structure at the top of it.
This structure has improved the bandwidth from (2.2GHz-
4.4GHz) to (1GHz-11GHZ). The compared results of the
basic model and proposed model are shown in Figure-3.
Maximum return loss for basic model is observed at
2.3GHz and for the proposed model we observed a return
loss at 2.6GHz.

return loss

:

dB(S(1.1)]

>
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Figure-3. Compared result of basic antenna and proposed antenna.
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Return loss also known as reflection coefficient
(S11) usually represents the discontinuity in the power of
signal that is returned back which is mainly caused due to
impedance mismatch. The centre frequency of the antenna

is 2.6 GHz where we can observe maximum return loss of -
40dB in Figure-4. Now, this shows that we have minimum
power loss at 2.6GHz frequency.

return loss

dB(S(1,1)

1.00 3o 500

700 9bo 1100

Freq [GHz]

Figure-4. Return loss of the proposed antenna.

VSWR is voltage standing wave ratio which is
inversely proportional to the power transmitted and has
got delivered to the antenna. Lesser the value of VSWR
greater will be the power delivered to receiving antenna.

275 —

111

This parameter is directly related to reflection coefficient.
Figure-5 depicts the VSWR within antenna frequency
range which shows a good variation from 1.25 to 2.

3bo 50

S

750 900 1100
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Figure-5. Voltage standing wave ratio of the proposed antenna.

For this antenna design we achieved a gain from
2.14dB to 6dB which is shown in the Figure-6. Gain is a
combinational representation of directivity and efficiency
of the antenna.

Gain in dB can be mathematically deduced from
gain factor.

Gggi=10log;((G), where G is the gain factor of the antenna.

When gain is measured and averaged by
considering all the directions instead of specific direction
we get peak gain which is usually maximum gain of the
antenna.
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Figure-6. Gain vs. frequency plot

Radiation pattern of the antenna is calculated for
gain theta and gain phi for different values of phi and theta
respectively. Figure-7 represents how gain is varied with

gain theta

respect to the radiation of the antenna in space. We
achieved quasi omni directional radiation patterns both for
gain theta and gain phi.

gain phi
0

-180

Figure-7. Radiation pattern of the proposed antenna.

Radiation pattern for Gain theta is measured at
2.6GHz frequency and with ¢=0° and ¢= 90°.

Radiation pattern for gain phi is measured at
2.6GHz frequency and 6=90° and 6=360°.

Current distribution determines the flow of
current through the antenna. Areas where we can observe
maximum current flow are the place from which we can
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obtain maximum radiation. Figure-10 displays the currents
distribution of the proposed antenna from which it can be
deduced that there is maximum current flow through the
CPW feed line towards ground. Also there is good current
flow near rectangular slots and bottom area of the
radiating patch. Figure-11 shows E-field plot for the
proposed antenna.
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Figure-8. Current distribution and E-Field distribution of the proposed antenna.
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4. Parametric Analysis
The parametric analysis for the proposed antenna
was done to fine tune the dimensions as per the desired

operation. The width of the feed line ‘w’ is varied and
found the best suitable dimension and the resultant
analysis is produced in Figure-9.

return loss

dB(S(1,1))
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7bo 9bo 1100

Freq [GHZ]

Figure-9. Result obtained by doing parametric analysis of feed width (w).

return loss
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Figure-10. Parametric analysis of gap between the rectangular slots.

The parametric analysis with respect to the gap
between the slots are also analyzed and presented in
Figure-10. At lower band the shift in resonant frequency
can be observed from the results. There is no significant
change at higher operating band.

CONCLUSIONS

This antenna is designed in such a way that it
works in UWB range of (1GHz-11GHz) which covers
most of the communication band applications. A
combination of CPW feed line and stair slot technique
makes this antenna work efficiently with higher
bandwidth. A unique serrated structure is adjoined at the
top of the antenna, which is the responsible candidate for
achieving the UWB range with higher impedance
bandwidth. The proposed antenna shows a variation in
gain from 2 dB to 6 dB with omni-directional radiation
pattern in the operating band.

ACKNOWLEDGEMENTS

The authors deeply express their gratitude to
ARL-LC Research Centre, Department of ECE, K L
University for for their encouragement during this work.
Further, Madhav would like to express his gratitude to

DST through grant ECR/2016/000569 and FIST grant
SR/FST/ETI-316/2012.

REFERENCES

[1] B. Yuan, P. Gao, S. He, L. Xu, and H.T. Guo. 2013. A
Novel Triple-Band Rectangular Ring Antenna with
Two L-Shaped Strips for Wimax and WLAN
Applications. Progress in Electromagnetics Research
C, 40: 15-24.

[2] B T P Madhav, Habibulla Khan, D Ujwala, Y
Bhavani Sankar, Madhuri Kandepi, A Siva Nagendra
Reddy, Davuluri Nagajyothi. 2013. CPW Fed
Serrated Antenna Performance Based on Substrate
Permittivity. International Journal of Applied
Engineering Research, ISSN 0973-4562, 8(12): 1349-
1354.

[3] J.H. Yoon. 2014. Fabrication and measurement of a
monopole antenna with three arc-shaped strips for

4487



VOL. 12, NO. 15, AUGUST 2017

ISSN 1819-6608

©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;ax.

www.arpnjournals.com

WLAN/WIMAX  applications. Microwave and
Optical Technology Letters. 56(9): 2061-2066.

[4] B T P Madhav, KV V Kumar, A V Manjusha, P Ram
Bhupal Chowdary, L Sneha, P Renu Kantham. 2014.
Analysis of CPW Fed Step Serrated Ultra Wide Band
Antenna on Rogers RT/Duroid  Substrates.
International Journal of Applied Engineering
Research, ISSN 0973-4562, 9(1): 53-58.

[5]1 B.S. Yildirim. 2006. Low-profile and planar antenna
suitable for WLAN/ bluetooth and UWB applications.
IEEE Antennas and Wireless Propagation Letters.
5(1): 438-441.

[6] B T P Madhav, Madhuri Kandepi, Satish Kanapala, B
Anjaneyulu, N Anada Rao, K Vijaya Vardhan. 2014.
Serrated Spike Antenna Performance Evaluation
Based on Arlon Substrate Materials. International
Journal of Applied Engineering Research, ISSN 0973-
4562,9(1): 117-124.

[7] L. Xiong, P. Gao and S.X. Han. 2012. Compact triple-
frequency planar monopole antenna for
WiMAX/WLAN applications. Progress in
Electromagnetics Research Letters. 34: 43-51.

[8] B. T. P. Madhav, Sarat K. Kotamraju, P. Manikanta,
K. Narendra, M. R. Kishore and G. Kiran. 2014.
Tapered Step CPW-Fed Antenna for Wideband
Applications. ARPN Journal of Engineering and
Applied Sciences, ISSN 1819-6608, 9(10): 1967-
1973.

[9] J.J Xie, X.S. Ren, Y.Z. Yin and S.L. Zuo. 2012.
Rhombic slot antenna design with a pair of straight
strips and two U-shaped slots for WLAN/WiMAX
applications. Microwave and Optical Technology
Letters. 54(6): 1466-1469.

[10]1B. T. P. Madhav, Mounika Sanikommu, M. N. V. S.
Pranoop, K. S. N. Manikanta Chandra Bose and B.
Sriram Kumar. 2015. CPW Fed Antenna for
Wideband Applications based on Tapered Step
Ground and EBG Structure. Indian Journal of Science
and Technology, ISSN: 0974-6846, 8(9): 119-127.

[11]T. G. Ma and S. K. Jeng. 2005. Planar miniature
tapered-slot-fed
wideband radios. IEEE Trans. Antennas Propag. 53:
1194-1202.

annular slotantennas for ultra-

[12]M. V. Reddiah Babu, Sarat K. Kotamraju, B. T. P.
Madhav. 2016. Compact Serrated Notch Band Mimo

Antenna for UWB Applications. ARPN Journal of
Engineering and Applied Sciences, ISSN 1819-6608.
11(7): 4358-43609.

[13]Yi-Cheng Lin and Kuan-Jung Hung. 2006. Compact
Ultra wideband Rectangular Aperture Antenna and
Band-Notched Designs. IEEE Trans. Antennas
Propag. 54(11).

[14]K V L Bhavani, Habibulla Khan, D Sreenivasa Rao, B
T P Madhav. 2016. Dual Band Notched Planar Printed
Antenna with Serrated Defected Ground Structure.
Journal of Theoretical and Applied Information
Technology, ISSN: 1992-8645, 88(1): 28-34.

[15] A. Kerkhoof and H. Ling. 2004. A parametric study
of band-notched UWBplanar monopole antennas.
IEEE Antenna Propag Soc Int Symp Dig. 2: 1768-
1771.

[16]K V L Bhavani, Habibulla Khan, B T P Madhav.
2016. Wideband CPW Fed Monopole Fractal Antenna
with Defected Ground Structure. Journal of
Engineering and Applied Sciences, ISSN: 1816-949X,
11(11): 2446-2454.

[17]C. B. Dietrich, Jr., K. Dietze, J. R. Nealy and W. L.
Stutzman. 2001. Spatial, polarization, and pattern
diversity for wireless handheld terminals. IEEE Trans.
Antennas Propag. 49(9): 1271-1281.

[18]D S Ramkiran, P Siddaiah, B T P Madhav. 2017.
Serrated circular fractal coplanar wave guide fed
antennas for wideband and ultra wideband
applications. IJCTA, ISSN: 0974-5572, 10(1): 259-
266.

[19]B. Allen, M. Dohler, E. Okon, W. Q. Malik, A. K.
Brown and D. Edwards. 2007. UWB Antenna and
Propagation for Communications, Radar and Imaging.
Hoboken, NJ, USA: Wiley.

4488



