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A compact ultra wideband antenna with
triple band-notch characteristics

MEENAKSHI DEVII, ANIL KUMAR GAUTAM' AND BINOD KUMAR KANAUIIA2

A novel design of a compact ultra wideband antenna with triple band-notched characteristics is proposed. Much wider imped-
ance bandwidth (from 2.63 to 13.02 GHz) is obtained by using a star like-shaped radiator and a defected rectangular ground
plane and band-notched functions are obtained by attaching L- and I-shaped structure on the ground and a capacitive-loaded
loop (CLL) resonator on the patch. The triple band-notch rejection at WiMAX, WLAN, and ITU bands are obtained by
attaching I-shape strip, CLL resonator, and flip L-shape, respectively. The parametric study is carried out to study the influ-
ence of varying dimensions on the antenna performance. To validate simulation results of the design a prototype is fabricated
on the commercially available FR4 material. The measured results reveal that the presented triple band-notch antenna offers
a very wide bandwidth of 10.41 GHz (2.63-13.04 GHz) with triple band-notched characteristics at WiMAX (2.94-3.7 GHz),

WLAN (5.1-5.9 GHz), and ITU (7.4-8.7 GHz).

Keywords: UWB microstrip antenna, Triple band-notched, WLAN/WiMAX

Received 30 October 2014; Revised 11 February 2015; Accepted 12 February 2015; first published online 18 March 2015

. INTRODUCTION

In the year 2002, the Federal Communication Commission
released frequency band from 3.1 to 10.6 GHz for ultra wide-
band (UWB) services with high data rate transmission cap-
ability (typically 100 Mbps) and Effective isotropic radiated
power (EIRP) less than —41.3 dBm/MHz [1]. The wireless
systems have gained a lot of popularity due to wide band-
width, high data rate, and short-range characteristics. Thus,
UWB is being used for numerous applications such as
Radar, Wireless Personal Area Network (WPAN), Wireless
Body Area Network (WBAN), military, and commercial
applications. The antennas for the UWB system should have
compact size, low-profile, low-cost, and omni-directional
radiation. Abundant innate merits ie. low-profile, light
weight, easy fabrication, suitability of mass production with
acceptable radiation properties of the planar monopole have
instigated researchers to utilize it as UWB antenna [2-5].
However, the range of frequency for UWB system causes an
interference to the existing wireless communication system
such as WLAN (5.15-5.35 GHz, 5.725-5.825 GHz), WiMAX
(3.3-3.7 GHz), and ITU (8.025-8.4). Therefore, it is necessary
to notch out portions of the band to avoid interference with
existing wireless networking technologies [6-9]. To overcome
this problem, UWB antennas are designed with single/dual
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and triple stop band performance by inserting different
shape structures to the UWB design [10-12]. A circular radi-
ating patch with an embedded T-slot on the patch with
a rectangular parasitic element is used to obtain ultra
wide bandwidth and two ideal switches are inserted over
two L-shaped parasitic elements placed in the left and
right of the patch for band-notch function [7]. In [8],
dual-band-notched characteristics are obtained by inserting
two C-shaped structure on the back surface of the substrate.
In [10], triple band notches are obtained using the closed
loop ring resonator and in [11], H-shaped resonator is embed-
ded in the radiating patch to generate triple band-notch func-
tions. Two C-shaped slots on the radiating patch are used to
generate a bandstop performance in [12, 13]. Whereas, in
[14], the band-notch function is achieved by inserting an
Archimedes spiral-shape slot in microstrip line and in [15],
the quarter wavelength stubs are attached in the ground
plane. The modified capacitive-loaded loop (CLL) resonator
beside the microstrip feed line are used for band-rejection at
3.3-3.6 GHz for WiMAX, 5.15-5.825 GHz for WLAN, and
7.25-8.295 GHz for the X-band satellite [16].

In this paper, the design of a compact UWB antenna with
triple band-notched characteristics is proposed. The band-
notched functions are obtained by attaching L- and I-shaped
structures on the ground and a CLL resonator on the patch.
Much wider impedance bandwidth (from 2.63 to 13.04 GHz)
is obtained by using a star-like-shaped radiator and a defected
rectangular ground plane. The triple band-notch rejection at
WIMAX (2.9-3.7 GHz), WLAN(5.1-5.9 GHz), and ITU (7.5-
8.7 GHz) is obtained by I-shape strip, CLL resonator, and flip
L-shape, respectively. To validate the design, a prototype with
an overall size of 25 x 20 X 1.6 mm? is fabricated and mea-
sured. The experimental results show that the band-notched
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characteristic can be easily accomplished, while the antenna still
preserves a simple structure, compact size, and omnidirectional
radiation pattern. The Ansoft “HFSS” [17] is used for the simu-
lation which is based on a finite-element method. The entire
design and parametric study of the proposed antenna will be
discussed in different sections.

. ANTENNA DESIGN

The antenna is fabricated on FR4 epoxy (€, = 4.4 and loss
tangent of 0.02) with dimensions of 25 X 20 X 1.6 mm? as
depicted in Fig. 1. The proposed antenna consists of symmet-
rical hand-shape structure and defected ground plane on the
other side of the dielectric substrate. In place of the conven-
tional radiator, the proposed antenna uses a star-like-shape
which is formed by joining two symmetrical hands-shape
geometries at lower end. The 2.4 mm wide microstrip-line is
connected at the bottom of this structure to provide feeding.
The conventional solid ground plane is modified to a defected
ground structure by cutting one rectangular slot of 7.5 x
18 mm” in the upper side and two rectangular slots of 7.5 x
9.5 mm”, respectively. The above discussed radiator and
defected ground plane are designed to achieve UWB. Further,
triple band-notch rejection at WiMAX (2.9-3.7 GHz),
WLAN(5.1-5.9 GHz), and ITU (7.5-8.7 GHz) is obtained by
I-shape strip, CLL resonator, and flip L-shape, respectively.
The CLL structure near to the radiator is attached for band-
notched characteristics at WLAN band. One I-shape strip is
attached at lower rectangular slot and on flip L-shape strip is
added to upper rectangular slot of the ground plane to
achieve the band-notched characteristics at WiMAX and ITU
bands.

To verify the band-notched operation, the HFSS predicted
current distributions at various frequencies are shown in
Fig. 2. In Figs 2(b)-2(d), the simulated current distributions
on radiating patch and ground plane of proposed antenna
for I-, L-shaped, and CLL resonator are shown to clarify the
band-notch performances. As shown in Fig. 2(b) current
flows more dominant on feed line and concentrated around

I-shaped strip under the lower side of the ground plane.
Also in Fig. 2(c) current flows on feed line and concentrated
around the CLL resonator. As shown in Fig. 2(d), the
surface current density is mainly concentrated around the
L-shaped strip connected in the upper slot of the ground
plane. So, surface currents concentrate on the edge sides of
I-, L-shaped, and CLL resonator and antenna impedance
changes at these frequencies which cause band-notch proper-
ties of the proposed structures. Also high attenuation near
notch frequencies are produced due to reverse direction flow
of surface current in patch and feed line, which leads a cancel-
lation of radiation fields. The current distribution of the pur-
posed antenna at different resonant frequencies 2.75, 3.8, and
12.48 GHz are shown in Figs 2(e)-2(g) to corroborate phe-
nomena of the UWB operation outside the band-notched fre-
quencies. As seen in Fig. 2(e), the strong surface current flows
along the radiating patch, ground plane, and feed line. It is
seen that the lower frequencies are mainly agitated by left
hand of the star-like radiator and middle portion of ground
plane. For the 3.8 GHz operation [see Fig. 2(f)], it is observed
that the surface currents are distributed uniformly over the
whole radiator and ground plane. Figure 2(g) reveals that
the surface current is prominent at lower corner of the
ground planes, star-like radiator, and feed line.

The proposed antenna configuration is numerically inves-
tigated and optimized using Ansoft “HFSS” electromagnetic
solver. The various antenna designs during the process of
triple band-notched antenna are shown in Fig. 3. The red
color curve shows the ultra wide bandwidth of the antenna
ranges from 2.63 to 13.04 GHz more than 10.41 GHz for
VSWR less than 2.0. It is also observed that the sharp fre-
quency band-notched characteristic is obtained very close to
the desired frequency of 3.24 GHz when a I-shaped strip of
0.44 x 7.5 mm” is attached with an antenna as shown in
Fig. 3 (magenta color curve). The blue color curve in Fig. 3
shows UWB antenna with dual-band-notched characteristics
obtained by adding an additional L-shaped strip in the
upper slot of the ground plane. Finally, a CLL resonator is
attached near to the feeding line to obtain band-notched char-
acteristic very close to desired frequency of 5.48 GHz. CLL is a
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Fig. 1. Schematic configuration of the proposed compact UWB microstrip antenna.
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Fig. 2. The fabricated prototype of the proposed antenna and simulated surface current distributions at band-notched centre frequencies and outside

band-notched frequencies.

self-resonant circuit and its resonant frequency can be deter-
mined by its loop inductance and capacitance resulting from
the cuts which open the loop [18].

Figure 4 shows the simulated results of the proposed
antenna with width W of the I-shape strip, varies from
0.44 to 4.44 mm. It is observed from Fig. 4, when the value
of Wy is increased, the rejection-band region gain increases
along with the mismatching at lower frequency band and
about 3.24 GHz. Therefore, it is decided on W = 0.44 mm
as the optimum value with the notch rejection about
3.24 GHz.

Figure 5 shows the simulated results of the proposed
antenna with lower length W, of the L-shape strip, varies

https://doi.org/10.1017/51759078715000409 Published online by Cambridge University Press

from 1.16 to 5.56 mm. It is observed from Fig. 5, when the
value of W, is increased, the rejection-band region moves
toward lower frequency. Therefore, it is decided on W, =
2.16 mm as the optimum value with the notch rejection
about 8.07 GHz.

A parametric study of the CLL element provides a neces-
sary understanding of the interaction between the main radi-
ator and the element. The gap between radiator and CLL
resonator is kept 0.2 mm due to fabrication constraint. The
CLL element is self-resonant circuit with high-Q characteristic
and a compact size. Its resonance frequency can be deter-
mined by its loop inductance and the capacitances resulting
from the cuts which open the loop. Therefore, it is a very suitable

1071


https://doi.org/10.1017/S1759078715000409

1072

MEENAKSHI DEVI ET AL.

[ I
= b —=— UWBE Antenna
: X == UWE Antenna with Single band-notch
e = = =UWB Antenna with dual band-notch
[ —— Proposed Antenna
4 - : : " 7
1 d
. p
o a1
"h
1
=atbif
U
= | Fin
d
"h
d
[
- r
2 \
d
1

> 4 6 8 10 12
Frequency [GHz]

14

Fig. 3. Simulated VSWR for I-shaped strip, L-shaped strip, and proposed
structure.
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Fig. 4. Simulated VSWR against frequency for the proposed antenna with
various Wye; other parameters are the same as listed in Table 1.
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Fig. 5. Simulated VSWR against frequency for the proposed antenna with
various Wy other parameters are the same as listed in Table 1.
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Fig. 7. Measured and simulated results of the compact UWB antenna with
triple band-notched characteristics.
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Fig. 8. Measured and simulated gain of the compact UWB antenna with triple
band-notched characteristics.
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candidate for a band-stop filter function. The band-notched
frequency is given approximately by the expression [18]

(1)

f _ c
notch =— 2LCLL-\/€E,

where L¢y; is the total length of the CLL element, €. is the
effective dielectric constant, and ¢ is the speed of the light.
Thus, various numerical simulations are performed, to adjust
the dimensions of the element to obtain the final design.
Figure 6 shows the simulated results of the proposed antenna
with length d,,, of the CLL resonator, varies from 0.58 to
1.38 mm. It is found that when the value of d,,, is increased,
the rejection-band region moves toward lower frequency.
Therefore, it is decided on d,,, = 0.58 mm as the optimum
value with the notch rejection about 5.48 GHz. Therefore, the

E-Plane

— f=0"

CLL resonator can result in band-stop performance when
placed near to the radiator and it can be equivalent to shunt-
connected series LC resonance circuits.

. EXPERIMENTAL RESULTS AND
DISCUSSION

After optimizing the design using a commercially available
Ansoft HFSS simulator, antenna is fabricated and measured
to validate the design. The photograph of the fabricated
antenna is shown in Fig. 2(a). The performance of the pro-
posed antenna such as impedance bandwidth and radiation
patterns are measured using Agilent N5230A vector network
analyser. The measured and simulated VSWR curves of the
proposed antenna are shown in Fig. 7. It is observed from
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Fig. 9. Radiation patterns for various resonance frequencies for the compact UWB antenna with triple band-notched characteristics. — Measured; - - - simulated.
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Table 1. Design parameters of the proposed compact UWB antenna with
triple band-notched characteristics shown in Fig. 1.

Parameters L, Ly, Ly, Ly, Lys Lys L, Lg,
Unit(mm) 285 3.85 225 2.8 855 1045 2.2 7.5
Parameters  Lg, Loy, Ly Wa We W Weo W
Unit (mm) 5.8 7.5 4.5 20 6.93 8.77 9.03  2.16
Parameters Wy Wy W, W, W, W, Wps W
Unit (mm) 0.44 2 0.8 525 1 10.8 3.4 1.28

Fig. 7 that the simulated and measured results are in good
agreement. The designed antenna offers a very wide band-
width of 10.41 GHz (2.63-13.04 GHz) with triple band-
notched characteristics at WiMAX (2.94-3.7 GHz), WLAN
(5.1-5.9 GHz), and ITU (7.4-8.7 GHz). The small difference
between the measured and simulated results is due to the
effect of SMA connector soldering and fabrication tolerance.

The simulated and measured peak gains of the proposed
antenna across the entire operating band are shown in
Fig. 8. The antenna gain remains almost constant with
sharp decrease in all three notch bands as desired, that con-
firms the band-rejection behavior of the proposed antenna.
Figures 9(a)-9(c) show the two-dimensional (2D) far-field
radiation patterns in the H- and E-planes at sampling frequen-
cies of 2.75, 3.8, and 12.48 GHz, respectively. It is found that
the antenna has nearly good omnidirectional radiation pat-
terns at all frequencies in the E-plane (xy-plane) and the
H-plane (yz-plane). The radiation pattern of the antenna
remains stable for entire operating band and it shows unstable
radiation pattern at all three band-notches. These patterns are
suitable for application in most of the wireless communication
equipments, as expected.

I'vV. CONCLUSION

A novel compact UWB antenna with triple band-notched
characteristics for UWB applications is successfully presented
and implemented. The triple band-notch rejection at
WiMAX, WLAN, and ITU bands are obtained by attaching
I-shape strip, CLL resonator, and flip L-shape, respectively.
Effects of varying dimensions of key structure parameters
on the antenna performance are also studied. The proposed
antenna has several advantages, such as small size, stable radi-
ation patterns with triple band-notched characteristics.

REFERENCES

[1] Revision of Part 15 of the Commission’s rules regarding
ultra-wide-band transmission systems First report and order FCC
02.V48. Federal Communications Commission, Washington, DC,
vol. 1, 2002.

[2] Desmond Sim, C.Y.; Chung, W.T ; Lee, C.H.: Compact slot antenna
for UWB applications. IEEE Antennas Wireless Propag. Lett., 1
(2010), 63-66.

[3] Tsai, C.L.; Samadi Taheri, M.M.: Novel compact eye-shaped UWB
antennas. IEEE Antenna Wireless Propag. Lett., 1 (2012), 184-187.

[4] Bod, M.; Samadi Taheri, M.M.: Compact UWB printed slot antenna
with extra bluetooth, GSM, and GPS bands. IEEE Antenna Wireless
Propag. Lett., 11 (2012), 531-534.

https://doi.org/10.1017/51759078715000409 Published online by Cambridge University Press

[5] Gautam, A.K; Yadav, S.; Kanaujia, B.K.: A CPW-fed compact UWB
microstrip antenna. IEEE Antennas Wireless Propag. Lett., 1 (2013),
151-154.

[6] Peng, L.; Ruan, C.L.: UWB band-notched monopole antenna design
using electromagnetic-band gap structures. IEEE Trans. Microw.
Theory Tech., 1 (2011), 1074-1081.

Sharbati, V.; Rezaei, P.; Shahzadi, A.; Fakharian, M.M.: A planar
UWB antenna based on MB-OFDM applications with switchable
dual band-notched for cognitive radio systems. Int. J. Microw.
Wireless Technol., 10 (2014), 1-8.

[7

[8

Emadian, S.R; Ghobadi, C.; Nourinia, J; Mirmozafri, M.,
Pourahmadazar, J.: Bandwidth enhancement of CPW-fed circle-like
slot antenna with dual band-notched characteristic. IEEE Antennas
Wireless Propag. Lett., 1 (2012), 543-546.

Kim, C.H.; Chang, K.: Ultra-wideband UWB ring resonator band-
pass filter with a notched band. IEEE Microw. Wireless Compon.
Lett., 1 (2011), 206-208.

lo

[10] Almalkawi, M.; Devabhaktuni, V.: Ultra wideband antenna with
triple band-notched characteristics using closed-loop ring resona-
tors. IEEE Antennas Wireless Propag. Lett., 1 (2011), 959-962.

[11] Sung, Y.: Triple band-notched UWB planar monopole antenna using
a modified H-shaped resonator. IEEE Trans. Antennas Propag., 1
(2013), 953-957.

[12] Gautam, A.K; Indu; Kanaujia, B.K.: Dual band-notched rectangular
monopole antenna for ultra wideband applications. Microw. Opt.
Technol. Lett., 1 (2013), 3029-3033n

[13] Li, T.; Zhai, H; Li, L,; Liang, C; Han, Y.: Compact UWB antenna
with tunable band-notched characteristic based on microstrip open-
loop resonator. IEEE Antennas Wireless Propag. Lett., 1 (2012),
1585-1587.

[14] Lee, D.H,; Yang, H.Y.; Cho, Y.K.: Tapered slot antenna with band-
notched function for ultra wideband radios. IEEE Antennas
Wireless Propag. Lett., 1 (2012), 682-685.

[15] Taheri, M.M.S.; Hassani, H.R; Nezhad, S.M.A.: UWB printed slot
antenna with bluetooth and dual notch bands. IEEE Antennas
Wireless Propag. Lett., 1 (2010), 255-258.

[16] Wang, J; Yin, Y; Liu, X.: Triple band-notched ultrawideband
(UWB) antenna using a novel modified Capacitively Loaded Loop
(CLL) resonator. Progress Electromagn. Res. Lett., 42 (2013), 55-64.

[17] Ansoft, HFSS simulator version 14.0.

[18] Lin, C.C; Jin, P, Ziolkowski, R.W.: Single, dual and
tri-band-notched  ultrawideband (UWB) antennas  using
Capacitively Loaded Loop (CLL) resonators. IEEE Trans. Antennas
Propag., 60 (2012), 102-109.

Meenakshi Devi was born in Roorkee,
India, on 2 July 1989. She received
B.Tech. degree in Electronics and Com-
munication Engineering from Kumaon
Engineering College, Dwarahat (Uttar-
akhand), India in 2011 and received
his M.Tech. degree in digital signal pro-
cessing from G. B Pant Engineering Col-
lege Pauri (Uttarakhand), India in 2014.
His main research interests are design and optimization of
Ultra wideband antennas.



https://doi.org/10.1017/S1759078715000409

A COMPACT UWB ANTENNA WITH TRIPLE BAND-NOTCHED CHARACTERISTICS

Anil Kumar Gautam was born in
NOIDA, Uttar Pradesh, India. He re-
ceived the B.E. degree in Electronics
and Communication Engineering from
Kumaon Engineering College, Almora,
India and the Ph.D. degree in Electronic
, Engineering from Indian Institute of
£ / Technology, Banaras Hindu University,
Varanasi, India, in 1999 and 2007,
respectively. He joined the Department of Electronics & Com-
munication Engineering, G B Pant Engineering College
(GBPEC), Pauri Garhwal, India, in 2000, as an Assistant Pro-
fessor and he has been an Associate Professor there since
2009. Dr. Gautam is an active member of Board of study, Aca-
demic council, and many other academic committees of
GBPEC, Pauri. Dr. Gautam is also member of BOS of HNB
Garhwal Central University, India and Uttarakhand Technical
University, Dehradun, India. Dr. Gautam is nominated as
Nodal Officer, TSP and SCSP Grants by Government of Uttar-
akhand and executed several projects under these grants. Dr.
Gautam has supervised 15 M.Tech. and one Ph.D. Thesis
and currently supervising nine Ph.D. theses in the area of Mi-
crostrip antenna. Dr. Gautam is the author/co-author of more
than 70 research papers published in the refereed internation-
al journals and conferences such as IEEE, Microwave and
optical Technology Letters, Springer, etc. He is the author of
the 13 books in the field of Electronics Engineering in the
field of Digital Electronics, Antenna and Microwave Engineer-
ing. He is a member of IEEE (USA) and many other technical
societies. He is also in reviewers panel of IEEE, Transaction on
Antenna and Propagation, IEEE, Antenna and Wave Propa-
gation Letters, IET Microwaves, Antennas & Propagation,
Personal and wireless communication, Springer, International
Journal of Electronics, International Journal of Microwave
and Wireless Technologies, International Journal of Antenna
and Propagation, etc. His main research interests are in
Design and Modeling of Active Microstrip Antenna, Micro-
strip antennas with Defected Ground Structure, Ultra wide
bandwidth antennas, and reconfigurable antennas, reconfig-
uration antenna array, circular polarized antenna, etc.

Binod Kumar Kanaujia currently is
working as an Associate Professor in
the Department of Electronics & Com-
munication Engineering in Ambedkar
Institute of Advanced Communication
Technologies & Research (formerly Am-
bedkar Institute of Technology), Geeta
Colony, Delhi. Dr. Kanaujia joined this
institute as an Assistant Professor in
2008 through selection by Union Public Service Commission,

https://doi.org/10.1017/51759078715000409 Published online by Cambridge University Press

New Delhi, India and served on various key portfolios, i.e.
Head of Department, In-charge Central Library, Head of
Office, etc. Before joining this institute he had served in the
M.J.P. Rohilkhand University, Bareilly, India as Reader in
the Department of Electronics & Communication Engineering
and also as Head of the Department. He has been an active
member of Academic Council and Executive Council of the
M.J.P. Rohilkhand University and played a vital role in aca-
demic reforms. Prior, to his career in academics, Dr. Kanaujia
had worked as Executive Engineer in the R&D division of M/s
UPTRON India Ltd. Dr. Kanaujia had completed his B.Tech.
in Electronics Engineering from KNIT Sultanpur, India in
1994. He did his M.Tech. and Ph.D. in 1998 and 2004; respect-
ively, from the Department of Electronics Engineering, Indian
Institute of Technology Banaras Hindu University, Varanasi,
India. He has been awarded Junior Research Fellowship by
UGC Delhi in the year 2001-02 for his outstanding work in
electronics field. He has keen research interest in design and
modeling of microstrip antenna, dielectric resonator antenna,
left-handed metamaterial microstrip antenna, shorted micro-
strip antenna, ultra wideband antennas, reconfigurable, and
circular polarized antenna for wireless communication. He
has been credited to publish more than 105 research papers
with more than 200 citations with h-index of ten in peer-
reviewed journals and conferences. He had supervised 45
M.Tech. and three Ph.D. research scholars in the field of
microwave engineering. He is a reviewer of several journals
of international repute, i.e. IET Microwaves, Antennas &
Propagation, IEEE Antennas and Wireless Propagation Let-
ters, Wireless Personal Communications, Journal of Electro-
magnetic Wave and Application, Indian Journal of Radio
and Space Physics, IETE Technical Review, International
Journal of Electronics, International Journal of Engineering
Science, IEEE Transactions on Antennas and Propagation,
AEU-International Journal of Electronics and Communica-
tion, International Journal of Microwave and Wireless Tech-
nologies, etc. Dr. Kanaujia had successfully executed four
research projects sponsored by several agencies of Govern-
ment of India, i.e. DRDO, DST, AICTE, and ISRO. He is
also a member of several academic and professional bodies,
i.e. IEEE, Institution of Engineers (India), Indian Society for
Technical Education, and The Institute of Electronics and
Telecommunication Engineers of India.

1075


https://doi.org/10.1017/S1759078715000409

	A compact ultra wideband antenna with triple band-notch characteristics
	INTRODUCTION
	ANTENNA DESIGN
	EXPERIMENTAL RESULTS AND DISCUSSION
	CONCLUSION


