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Abstract - This article presents a compact microstrip-fed monopole Antenna, which consists of an octagonal patch with W-
shaped truncation on the ground plane. By cutting a novel W shaped slot at the lower edge of the ground plane with regular
octagonal shaped Radiator, input impedance bandwidth and the high frequency radiation characteristics can be improved
significantly. Therefore antenna can operates in extremely wide usable fractional bandwidth of more than 146% (3.1-20
GHz).The enhanced frequency band also makes antenna suitable for X band and Ku band application. Equivalent circuit
model is adopted to analyze the ultra wide band (UWB) characteristics of the proposed antenna. Good omnidirectional
radiation patterns and relatively flat gain over the entire UWB frequency has been obtained. The transient response also
promises the suitability of the proposed design for future UWB system application.
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1. Introduction

The ultra wideband (UWB) system becomes more
popular in wireless communication since US-FCC has
assigned the frequency band of 3.1-10.6 GHz [1]. Wide
band Monopole antennas have received considerable
attention in UWB communication system mainly due to
their large impedance bandwidth. Several UWB monopole
antenna design have been proposed in previous literatures
[2-16]. Such as beveled rectangular [2-4], pentagonal [5],
hexagonal [6], arrow-shaped [7], arc-shaped [8], U-shaped
[9], stepped V-shaped [10], pincers-shaped [11] or slotted
M-shaped antenna [12].another approach to obtain
enhanced operating band for UWB antenna can be
achieved by implementing L shaped parasitic element and
L-shaped slot pair combination on ground plane [13] or by
cutting a pair of rotating H shaped slot[14] or by using pair
of rotating E shaped slot on the ground plane[15] or by
embedding pair of rectangular ring slot[16] etc. In this
letter an octagonal monopole UWB antenna is proposed.
The main focus of this article is to introduce a novel W
shaped slot to the upper side of the ground plane. The
novel W shaped slot is designed by inserting two
symmetrical rectangular notches inside the U shaped
slotted part of the ground plane which play a significant
role in impedance matching. By implement symmetrical
notch pair additional resonances at the higher frequency
band can be generated. Closely spaced multiple resonances
resulting in extremely wide band width from 3.1-20 GHz.

I1. Antenna Design and Configuration

Figure.l shows the geometry of the proposed
antenna which is fabricated on RT/DUROID 5870 with
relative permittivity 2.33 and thickness 1.6 mm.

'Corresponding Author

Wik

/ “Ill

#

o Iz

|

Ll
— i ;

¥ -

roE A BTTOM

Wi 5

i) |

Fig. 1Configuration of the proposed antenna

The feed line microstrip width is 1.8 mm and it’s length is
14 mm for 50-Q impedance. Fig.2 illustrates the four
different antenna geometry to clarify the phenomenon
behind the development towards the proposed
configuration. Antenna-1 consists of a simple rectangular
radiating patch and the ground plane. The gap between the
radiator and ground plane form an equivalent dipole
antenna with fundamental resonance frequency which is
mainly determined by the antenna length.
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Fig. 2Geometry of (a) Antenna-1 (b) Antenna-2 (c)
Antenna-3 (d) Proposed antenna
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In simple rectangular patch structure a sharp
discontinuity in the connection point between the feed line
and patch degrades the radiation performance of antenna
.To obtain good impedance matching over a wide
bandwidth, radiation patch is beveled , hence a regular
octagonal patch geometry has been designed by placing
four symmetrical bevel slot on the corners of rectangular
patch referred as Antenna-2.octagonal shaped maintain a
balance between the vertical and horizontal surface currents
on the patch which affect the radiation characteristics of the
antenna and broad impedance bandwidth can be achieved.
Since ground plane is also a part of radiating configuration,
hence an U shaped truncation on the upper edge of the
ground plane introduces a coupling capacitance and plays a
significant role in impedance matching in Antenna-3.The
proposed antenna consist of a modified W shaped
truncation on the upper edge of the ground plane. Inside the
truncated part of the ground plane a symmetrical pair of U
shaped notches has been introduced to obtain the W shaped
truncation on the ground plane. It is found that additional
notch pair inside the U shaped truncated part provides
much  better electromagnetic ~ coupling  between
theoctagonal patch and the ground plane which further
increases the surface current path and enhances travelling
wave mode radiation which ultimately increases the
sensitivity of the impedance bandwidth in the higher and
lower frequencies of the band . Equivalent circuit model
of the proposed geometry has also been carried out to
comprehend the design mechanism. The conventional
rectangular patch antenna can be considered as a parallel
RLC equivalent circuit which displays the resonance effect
with narrow bandwidth. The adjacent resonances which
have been generated by the step by step design
modifications yield extremely wide UWB frequency
response of antenna. Each step of the modified geometry
represents the parallel RLC equivalent circuit. Equivalent
circuit representation of the proposed multiband UWB
antenna is shown in Fig.3.
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Fig. 3Equivalent Circuit Model of the proposed UWB
antenna

The input admittance Y;, can be analyzed by [17].
(1

j(x)Lk+Rk[1—(A)2Lka]
JwLkRy

Yin = 2132=1
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Fig. 4prototype of proposed antenna

The optimal dimension of the proposed antenna
design is as follows. Wy,= 26 mm, Lg,= 36.6 mm, Lp=
8.42mm, L¢ = 14mm, W¢=1.8mm L, = 14mm, W ;= 9mm,
L, = .8mm, W)= 2.5mm,W;= 4mm, L;=1.6mm, g = .3mm
The antenna is subsequently fabricated with optimal
parameters as shown in Fig.4.

III. Results and Discussion

In this section various antenna structures are used
for simulation studies as shown in Fig.5. The simulation
results are obtained by using Finite element method (FEM)
software HFSS [18].it can be observed that return loss
characteristics are similar for different antennas at low
frequencies, but high frequency impedance matching and
higher resonance frequency changes significantly for
different antenna structures. Though Resonance frequency
of Antenna-1 at 6.3 GHz depends on patch length yet the
return loss behavior is identical to narrowband dipole. For
Antenna-2 the octagonal patch has been introduced by
using four symmetrical bevels on rectangular patch which
improves the higher band impedance matching by the
generation of additional resonance at 14.2 GHz, which
contributes to the widening of operating bandwidth. Since
U shaped truncation in ground plane acts as an impedance
matching element in Antenna-3, hence much enhanced
impedance bandwidth can be achieved by using U shaped
slot at the upper edge of the ground plane. However U
shaped truncation on ground plane cannot form a good slot
with the radiating patch to fully support travelling waves at
higher frequencies. In proposed Antenna the modified W
shaped truncation on ground plane significantly improves
the
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Fig. 5 Simulated return loss for various antenna

Geometry impedance matching condition where the
usable upper frequency band extended from 17.23 GHz to
20 GHz. Return loss performance of the proposed antenna
exhibits two additional resonances at 12.2 and 17.5 GHz
along with lower resonance frequency at 7.3 GHz. The
length (L,) and width (W;) of U shaped notch pair are most
critical parameters. The simulated return loss characteristics
with different values of L, is plotted at Fig.6, where W, is
constant at 2 mm.it is observed that as L, increases,
impedance mismatch between radiating patch and the
ground plane improves which deteriorates the return loss
performance, as a result of which 10dB impedance
bandwidth decreases.
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Fig. 6 Simulated return loss with different values of L,

Fig.7 illustrates the return loss performance for various
notch width W,.it is seen that as W, increases the effective
value of W5 =W;-2W, is gradually decreases and in the
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Fig. 7 Simulated return loss with different values of W,

Simulated return loss curves the fundamental
resonance frequency is lowered but return loss behavior for
the higher frequency band become worse simultaneously
due to the poor matching condition, consequently antenna
behaves as narrow band dipole.
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Fig. 8 Measured and simulated return loss

Fig.8 shows the measured and simulated return loss
characteristics of the proposed antenna.
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Fig.9 Simulated surface current distribution of the proposed
antenna (a) at 12.2 GHz (b) at 17.35GHz

The fabricated antenna very well covers the intended
return loss of < -10dB for 3.1-20 GHz. The phenomenon
behind the additional resonance generation can be
understood by the surface current distribution mechanism
of the proposed antenna as shown in Fig.9.For the second
resonance at 122 GHz the surface current
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mainlydistributed at the outer periphery of the octagonal
patch which establish the utility of octagonal patch
construction. At the third resonance frequency of 17.5 GHz
the ground plane current mainly concentrated around the W
shaped slotted portion of the ground plane.

Fig.10 shows measured radiation patterns at 7 and
12 GHz respectively. It can be observed that the radiation
characteristics of x-z plane (H-plane) are all
omnidirectional and stable, while the y-z plane(E-plane)
patterns are bidirectional and it become worse with
increasing frequency.

Fig.10 Measured radiation patterns (a) E-plane (b) H-plane
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Fig.11 Measured peak Gain of the proposed antenna
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Fig.12 Transient response of the proposed antenna
(a) Waveform of the transmitted pulse(b) Waveform of the
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received pulse (face to face) (c) Waveform of the received
pulse (side by side)

Fig.11 shows the measured peak gain of the
proposed antenna from 3.1 to 20 GHz. The maximum gain
variation is less than 2.9 dB with peak gain at about 6.2
dBi. To observe the level of distortion imposed on the
transmitted pulse by the proposed octagonal monopole
antenna, the transmitted antenna is fed by a Gaussian
excitation pulse .The received signal in face to face and side
by side orientation in Fig.12 clearly shows the distortion
and broadening of the received pulse. The fidelity factor
between transmitted and received pulse in face to face to
face is orientation is .9438 and for side by side orientation
is .8726. Therefore the proposed antenna could
satisfactorily retain the original waveform at the receiving
end.

IV. Conclusion

A Regular octagonal monopole UWB antenna has
been design and investigated. The distinctive feature of this
design is the implementation of novel W shaped slot on the
upper edge of the ground plane. Therefore bandwidth
enhancement and matching improvement are noticeably
obtained. Moreover the proposed Antenna can be
demonstrated as a planer dipole or conversely as a planer
monopole by adjusting the dimension of slot on the ground
plane. The measured result illustrate that the bricated
antenna offers extremely wide impedance bandwidth from
3.1-20 GHz. Proposed antenna also exhibit good radiation
patterns and Gain performance throughout the operating
band. Therefore the proposed antenna can be utilized in
whole UWB frequency band as well as X band and Ku
band applications. Besides satisfactory transient response
ensure that the proposed antenna could be an attractive
candidate for wireless system application.

References
[1]  First report and order of FCC-02-48, Apr 22, 2002.

[2] JReza Zakerand Abdolali Abdipour, “A Very
Compact Ultra wideband Printed Omnidirectional
Monopole Antenna,” IEEE Antennas and Wireless
Propagation letters, vol. 9, 471-473, 2010.

[3]  Jihak Jung, Wooyoung Choi, and Jachoon Choi, “A
SmallWideband Microstrip-fed Monopole
Antenna,” IEEE Microwave and  wireless
components letter, vol. 15, 703-705, 2005.

[4]  Yan Xiao, Zhong-Yong Wang,1 Ji Li, Zi-Lun Yuan,
and A. K. Qin, “Two-Step Beveled UWB Printed
MonopoleAntenna with Band Notch,” International
Journal of Antennas and Propagation, ID 173704, 1-
11,2014.

[5] Naima A. Touhami, Yahya Yahyaoui, Alia Zakriti,
Khadija Bargach,Mohamed Boussouis, Mohammed



(6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Lamsalli, and Abdelwahid Tribak, A Compact
CPW-Fed Planar Pentagon Antenna for UWB
Applications, Progress In  Electromagnetics
Research C, vol. 46 , 153-161, 2014.

K.P.Ray and S.Tiwari, ultrawideband printed
hexagonal monopole antenna, IET Microwaves
Antennas propagation, vol. 4, 437-445, 2010.

Rajarshi Sanyal, Abhirup Patra, Partha Pratim
Sarkar and  Santosh  Kumar  Chowdhury,
COMPACT UWB MONOPOLE ANTENNAWITH
3.5/55 GHz ENHANCED DUAL BAND
REJECTION CHARACTERISTICS,
MICROWAVE AND OPTICAL TECHNOLOGY
LETTERS, vol. 57,2693-2699, 2015.

J-H Lu,C-H Yeh,Planer Broadband Arc-shaped
Monopole Antenna for UWB System,IEEE
Transactions on Antenna, vol. 60, 3091-3095, 2012.

S. K. Mishra and J. Mukherjee, Compact dual
band-notched U-shape UWB antenna, Progress In
Electromagnetics Research C, vol. 27, 169-181,
2012.

Chaabane Abdelhalim and Djahli Farid, A
Compact Planar UWB Antenna with Triple
Controllable Band-Notched Characteristics,
International Journal of Antennas and Propagation,
ID 848062, 1-10, 2014.

Y. Zhu, F. S. Zhang, C. Lin, Q. Zhang, and J. X.
Huang, “A novel dual band notched monopole
antenna for ultra-wideband application, Progress In
Electromagnetics Research Letters, vol. 16,” 109—
117,2010.

Manoj K. Shrivastava, A. K. Gautam and Binod K.
Kanaujia, “AN M-SHAPED MONOPOLE-LIKE
SLOT UWB ANTENNA, MICROWAVE AND
OPTICAL TECHNOLOGY LETTERS,” vol. 56,
127-131, 2014.

Nasser Ojaroudi, “COMPACT UWB MONOPOLE
ANTENNA WITH ENHANCED BANDWIDTH
USING ROTATED L-SHAPED SLOTS AND
PARASITIC  STRUCTURES, MICROWAVE
AND OPTICAL TECHNOLOGY LETTERS,” vol.
56, 175-178,2014.

Nasser Ojaroudi and Noradin Ghadimi, “UWB
MULTIRESONANCE ANTENNA WITH
REJECTION OF INTELLIGENT TRANSPORT
SYSTEM BAND USING A CROSS-SHAPED
CONDUCTOR-BACKED PLANE, MICROWAVE
AND OPTICAL TECHNOLOGY LETTERS )”
vol. 56, 1641-1643, 2014.

. Nasser Ojaroudi, “MICROSTRIP MONOPOLE
ANTENNA  WITH DUAL  BAND-STOP

Indian J.Sci.Res. 17(2): 56-60, 2018

[16]

[17]

[18]

COMPACT OCTAGONAL UWB ANTENNA WITH ENHANCED BANDWIDTH USING W-SHAPED SLOTTED GROUND PLANE

FUNCTION FOR ULTRAWIDEBAND
APPLICATIONS, MICROWAVE AND OPTICAL
TECHNOLOGY LETTERS,” vol. 56, 818-822,
2014.

Nasser Ojaroudi and Mouhammad Ojaroudi,
“DUAL BAND-NOTCHED MONOPOLE
ANTENNA WITH MULTI-RESONANCE
CHARACTERISTIC FOR UWB WIRELESS
COMMUNICATIONS,” Progress In
Electromagnetics Research C, vol. 40, 187-193,
2013.

Guihong Li, Huiqing Zhai, Tong Li, X. Ma, and C.
Liang, “DESIGN OF A COMPACT UWB
ANTENNA INTE-GRATED WITH
GSM/WCDMA/WLAN BANDS,” Progress In
Electromagnetics Research, vol. 136, 409-419,
2013.

Ansys Inc, ANSYS HFSS, Pittsburgh, PA,
Available at: http://www.ansys.com.




