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ABSTRACT

Ultra wide bands antennas with notched bands characteristics have recently been considered for efficient communica-
tion between devices. In this paper, a compact ultra-wideband antenna (UWB) for UWB applications with triple band-
notched characteristics is presented. The proposed antenna consists of a square patch with four truncated corners and a
partial ground plane with a rectangular slit. The operation bandwidth of the designed antenna is from 2.66 GHz to more
than 13.5 GHz. Band-notched characteristics of antenna to reject the frequency band of 3.18 - 3.59 GHz and 4.70 - 5.88
GHz, is realized by inserting two C-shaped slots in the patch, the third band of 9.54 - 12.22 GHz is achieved by slot-
type capacitively-loaded loop (CLL) inserted in the patch near the feed line. Details of the proposed antenna design and
simulated results are presented and discussed.
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1. Introduction

Ultra-wideband (UWB) communication systems have be-
come one of the most fascinating wireless topic since the
commercial uses of frequency band from 3.1 GHz to 10.6
GHz were approved by Federal Communications Com-
mission (FCC) in 2002 [1].

However, to satisfy the increasing demand for wireless
communication, various ultra-wideband antennas have
been studied [2]. But the frequency range for UWB sys-
tems will cause interference to the existing wireless com-
munication systems, such as world interoperability for
microwave access (WiMAX) service from 3.3 to 3.6
GHz; WLAN in USA (5.15 - 5.35 GHz, 5.725 - 5.825
GHz) and HIPERLAN/2 in Europe (5.15 - 5.35 GHz,
5.47 - 5.725 GHz) [3] and satellite service bands as the
International Telecommunication Union (ITU) 8 GHz
band and the Satellite Digital Multimedia Broadcasting
(S-DMB) band 2.63 - 2.655 GHz [4]. Therefore the
UWB antennas with a band-notched characteristic are
required. To satisfy such requirement various ultra-
wideband antennas with notched band have been studied
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[5-17]. To introduce such a band-notched function, sev-
eral methods have been proposed, including embedding a
slot of different shapes in the radiating patch, or in the
ground plane, using parasitic patches, embedding a slit in
the feeding strip, or etching split ring resonator (SRR)
coupled to the feed-line [9], or the CSRR (the negative
image of SRR) structure [18]. However, the challenge in
the band rejection function design is to provide satisfac-
tory skirt characteristics, a sufficient rejection bandwidth
and the ability to control bandwidth of the notched band.

In this paper, we propose a novel way to design a tri-
ple notched band UWB antenna. The four corners trun-
cated in the patch and the partial ground plane with a
rectangular slit are used to obtain ultra wideband operat-
ing for UWB applications and to increase the operating
bandwidth. In order to realize the triple band notch char-
acteristics, two C-shaped slots are embedded in the radi-
ating patch to achieve the two first rejected bands, and a
slot-type capacitively-loaded loop (CLL) to achieve the
last notched band.

The simulation is performed using the commercially
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available simulation software Ansoft High Frequency
Structure Simulator (HFSS). The details of the proposed
antenna are presented and the simulation of the VSWR
and radiation patterns of antenna are also presented and
examined.

2. Antenna Design

The geometry of the proposed tri-notched bands UWB
antenna is shown in Figure 1. This antenna is composed
of a square radiating patch with four truncated corners,
and a partial ground plane with rectangular slot. The an-
tenna, which has compact dimensions of 20 x 20 mm?, is
printed in the front of FR4 epoxy substrate. Its thickness,
relative permittivity, and loss tangent are respectively
equal to 1.6, 4.4 and 0.02 mm. The microstrip feed line
width, is fixed at 3 mm to achieve 50 Q Characteristics
impedance.

The truncated corners dimensions are 8 x 5 mm”. The
ground plane dimensions are chosen to be 30 x 11.5 mm?®
in this study. The antenna is fed by a 50 microstrip line
printed on the partial ground plane.

The first notched band characteristics 3.18 - 3.59 GHz
is obtained in this structure, by inserting a C-shaped slot
into the radiating antenna patch. The C-shaped slot has
total length 34.3 mm and is close to about 0.44 at the
center frequency of the desired notched frequency band
(the center frequency of the desired notched frequency
band is 3.5 GHz).

The second notched band characteristics 4.70 - 5.88
GHz is obtained, by embedding another C-shaped slot
into the patch. The length of this C-shaped slot is chosen
to be 21.8 mm which is about 0.44 at the center fre-
quency of the notched frequency band (the center fre-
quency is 5 GHz).

For the third notched band of 9.54 - 12.22 GHz, a slot
type capacitively-loaded loop (CLLs) is introduced in the
radiating patch. This slot has a total length of 11.3 mm
with 0.44 at the center frequency of the notched band
(10.8 GHz).

The bandwidth and the central frequency of the
notched bands can be adjusted easily by proper selection
of the parameters of C-shaped slot and slot type ca-
pacitively-loaded loop (CLLs).

The electromagnetic software high frequency structure
simulation Ansoft HFSS is employed to perform the de-
sign and optimization of the proposed.

The final parameters of the antenna are: WS = 30 mm,
LS =35 mm, WP =20 mm, LP =20 mm, and LG =11.5
mm. The dimensions of the C-shaped slots are: L1 =11.8
mm; L2 =7 mm, L3 =425 mm, L4 =95 mm, L5 =3
mm L6 = 3.15 mm, tl = Imm, t2 = 0.5mm and the di-
mensions of the CLLs are: L7 = 2.5 mm, L8 = 2.4 mm,
L9=1mm, L10=1mm, t3 = 0.4 mm, t4 = 0.2 mm.
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Figure 1. Configuration of the proposed UWB antenna: (a)
Front view; (b) Back view; (c) CLLs.

3. Results and Discussion

The curve of the simulated VSWR for proposed UWB
antenna with and without slots is depicted in Figure 2.
As shown in this figure from simulation result, it can
observed that the proposed antenna present an impedance
bandwidth with good matching for VSWR < 2 from 2.66
GHz to more than 13.5 GHz, which covers the frequency
band of UWB band (3.1 - 10.6 GHz) and with triple re-
jected bands (VSWR > 2). The three notched bands are:
3.18 -3.59 GHz (VSWR = 13.78 at 3.4 GHz), 4.70 - 5.88
GHz (VSWR = 8.31 at 526 GHz) and 9.54 - 12.2GHz
(VSWR = 7.77 at 10.94 GHz). Results of the reference
antenna without notched characteristics are also shown
for comparison. Moreover, it can be observed that adding
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Figure 2. Simulated VSWR of the proposed antenna with
and without C-shaped slots and CLLs slot.
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slots can increases the impedance bandwidth.

The radiation patterns of the proposed antenna in the E
and H-plane at 3 GHz, 4 GHz, 7 GHz, 9 GHz and 13
GHz respectively are shown in Figure 3. From the figure,
we can see that the simulation radiation patterns of the
proposed antenna are nearly an omnidirectional in the
E-plane, except for 3 GHz; which makes it a good can-
didate for UWB devices. While, in the H-plane, the ra-
diation patterns are like dipole radiation pattern, however,
these radiating patterns are subject to distortion at high
frequencies.

4. Conclusion

In this paper, a new compact planar ultra-wide band
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Figure 3. Simulated radiation patterns for proposed antenna at (a) 3 GHz, (b) 4 GHz, (c) 7 GHz, (d) 9 GHz, and (e) 13 GHz.
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antenna with triple band notch characteristics has been
proposed for UWB applications. The notches bands are
realised by etching two C-shaped slots and a slot type
capacitively-loaded loop (CLLs) in the radiating patch.
The proposed antenna is studied and simulated by the
Ansoft HFSS. It has a wide operating frequency band of
2.66 GHz to more than 13.5 GHz (VSWR < 2) with three
rejected bands of 3.18 - 3.59 GHz, 4.70 - 5.88 GHz and
9.54 - 12.2GHz (VSWR > 2). The radiation pattern of the
designed antenna shows good omnidirectional pattern
over the operating frequency range, with good notched
band characteristic. Accordingly, the proposed antenna is
not only expected to find application in various UWB
systems, but prevents interference with others communi-
cations systems.

REFERENCES

[1] Federal Communications Commission, “First Report and
Order,” Revision of Part 15 of the Commission’s Rules
Regarding Ultra-Wideband Transmission Systems, 2002.
http://www.fcc.gov

[2] X.-C. Yin, C.-L. Ruan, S.-G. Mo, C.-Y. Ding and J.-H.
Chu, “A Compact Ultra-Wideband Microstrip Antenna
with Multiple Notches,” Progress in Electromagnetics
Research, Vol. 84,2008, pp. 321-332.
doi:10.2528/PIER08072801

[3] H. G. Schantz and G. P. Wolenec, “Ultra-Wideband An-
tenna Having Frequency Selectivity,” US Patent Publica-
tion No. 2003/0090436 A1, 2003.

[4] F.-T. Zha, S.-X. Gong, G. Liu, H.-Y. Yang and S.-G. Lin,
“Compact Slot Antenna for 2.4GHz/UWB with Dual
Band-Notched Characteristic,” Microwave and Optical
Technology Letters, Vol. 51, No. 8, 2009, pp. 1859-1862.
doi:10.1002/mop.24475

[5] D.-O. Kim, N.-I. Jo, D.-M. Choi and C.-Y. Kim, “Design
of the Novel Band Notched UWB Antenna with the Spi-
ral Loop Resonators,”” PIERS Online, Vol. 6, No. 2, 2010,
pp. 878-882.

[6] N. Choi, C. Jung, J. Byun, F. J. Harackiewicz, M.-J. Park,
Y.-S. Chung, T. Kim and B. Lee, “Compact UWB An-
tenna with I-Shaped Band-Notch Parasitic Element for
Laptop Applications,” [EEE Antennas and Wireless
Propagation Letters, Vol. 8, 2009, pp. 580-582.
doi:10.1109/LAWP.2009.2021286

[7] J. Xu, D.-Y. Shen, G.-T.Wang, X.-H. Zhang, X.-P. Zhang
and K. Wu, “A Small UWB Antenna with Dual Band-
Notched Characteristics,” International Journal of An-
tennas and Propagation, Volume 2012, 2012, Article ID:

Copyright © 2013 SciRes.

[11]

[12]

[13]

[14]

[13]

[16]

[17]

(18]

656858.

R. A. Sadeghzadeh, M. A. Honarvar and A. R. Eskandari,
“Coplanar-Fed UWB Elliptical Patch Antenna with
Notched Band Characteristics,” Progress in Electromag-
netics Research Symposium Proceedings, Xi’an, 22-26
March 2010, pp. 1225-1228.

C. M. Li and L. H. Ye, “Improved Dual Band-Notched
UWB Slot Antenna with Controllable Notched Band-

Widths,” Progress in Electromagnetics Research, Vol.
115, 2011, pp. 477-493.

S. J. Kim, J. W. Baik and Y.-S. Kim, “Design of a UWB
Slot Antenna with Frequency Band-Notched Characteris-
tic,” International Symposium on Antennas and Propaga-
tion—ISAP, Singapore, 1-4 November 2006, pp. 1-4.

M. T. Islam, R. Azim and A. T. Mobashsher, “Triple
Band-Notched Planar UWB Antenna Using Parasitic
strips,” Progress in Electromagnetics Research, Vol. 129,
2012, pp. 161-179. doi:10.2528/PIER 12032604

C.-Y. Hong, C.-W. Ling, 1.-Y. Tarn and S.-J. Chung,
“Design of a Planar Ultra Wideband Antenna with a New
Band-Notch Structure,” IEEE Transactions on Antennas
and Propagation, Vol. 55, No. 12, 2007, pp. 3391-3397.

M. Al-Husseini, J. Costantine, C. G. Christodoulou, S. E.
Barbin, A. El-Hajj and K. Y. Kabalan, “A Reconfigurable
Frequency-Notched UWB Antenna with Split-Ring Re-
sonators,” Proceedings of Asia-Pacific Microwave Con-
ference, Yokohama, 7-10 December 2010, pp. 618-621.

M. Naser-Moghadasi, S. F. Gotolo and N. Maku, “Swit-
chable Double Band-Notch Ultra Wideband Monopole
Antenna,” [EICE Electronics Express, Vol. 8, No. 16,
2011, pp. 1315-1321. doi:10.1587/elex.8.1315

A. A. R. Saad, D. A. Salem and E. E. M. Khaled,
“Band-Notch Patch Ultra-Wide Band Antenna,” PIERS
Proceedings, Vol. 2, Suzhou, 12-16 September 2011, pp.
1424-1428.

X.-C. Yin, C.-L. Ruan, S.-G. Mo, C.-Y. Ding and J.-H.
Chu, “A Compact Ultra-Wideband Microstrip Antenna
with Multiple Notches,” Progress in Electromagnetics
Research, Vol. 84,2008, pp. 321-332.
doi:10.2528/PTIER08072801

D.-0O. Kim, N.-I. Jo, H.-A. Jang and C.-Y. Kim, “Design
of the Ultra Wideband Antenna with a Quadruple-Band
Rejection Characteristics Using a Combination of the
Complementary Split Ring Resonators,” Progress in
Electromagnetics Research, Vol. 112, 2011, pp. 93-107.
doi:10.2528/PIER10111607

Son Trinh-Van, Chien Dao-Ngoc, “Dual Band-Notched
UWB Antenna Based on FElectromagnetic Band Gap
Structures,” Journal on Electronics and Communications,
Vol. 1, No. 2, 2011, pp. 130-136.

JEMAA


http://dx.doi.org/10.2528/PIER08072801
http://dx.doi.org/10.1002/mop.24475
http://dx.doi.org/10.1109/LAWP.2009.2021286
http://dx.doi.org/10.2528/PIER12032604
http://dx.doi.org/10.1587/elex.8.1315
http://dx.doi.org/10.2528/PIER08072801
http://dx.doi.org/10.2528/PIER10111607

