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A design of compact ultra-wideband (UWB) monopole antenna with dual band-notched characteristics
has been reported in this article. The band-notch effect is extremely important for any UWB system to
avoid interference with existing narrowband applications such as WiMAX and WLAN. A hexagonal-shaped
radiating element has been considered in this design. Two unequal U-shaped slots on the radiating patch
have been implemented to achieve dual band-notched filter characteristics. An inverted U-shaped slot has
been etched out on the hexagonal patch to achieve band-notch attributes for WiMAX (3.2-3.8 GHz) band.
Another slot of having a U-shape has also been engraved on the patch to attain a notched band for WLAN
(5.1-5.8 GHz) band. The proposed antenna having a total dimension of 38x 56 mm?2. Arlon AD300 has been
chosen as the substrate which has dielectric permittivity - = 3. The height of the substrate is 2~ = 1.524 mm.
Full-wave electromagnetic simulation software Ansys HFSS has been used to analyze the radiation char-
acteristics of the structure. The proposed antenna successfully covers the FCC allocated UWB frequency
spectrum by operating over the frequency band between 2.6 GHz to 11.4 GHz (VSWR < 2) which depicts the

bandwidth of 120 %. The designed antenna exhibits good gain and bidirectional radiation patterns.
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1. INTRODUCTION

Recent elevation on research in UWB antenna has
exhibited noticeable interest among researchers after
the allocation of Ultra-Wide Band (UWB) by FCC. The
frequency spectrum ranging from 3.1 GHz to 10.6 GHz
has many potential applications due to its inherent
properties like robustness, flexibility, high throughput,
etc. Narrowband applications, such as WiMAX (3.2-
3.8 GHz) and WLAN (5.15-5.825 GHz) are also fall
under this spectrum. So, it will affect interference with
each other, which is not desirable. Suppressing those
bands in a system will mitigate the solution to the
problem. UWB antenna with band-notch characteris-
tics will be a potential application to realize the goal.

Many articles have been published related to the
notch effect on the frequency response of a UWB anten-
na. In the article [1] by Emadian et al., a UWB antenna
with slots both on the radiating patch and ground plane
has been proposed. Here U-shape slots on the patch and
L-shape slot on the ground have produced band notch
effect for WLAN and WiMAX applications. Similar notch
properties have been reported in the articles [2-12] by
etching different types of slots, the addition of stubs,
parasitic elements, defected ground structure, modified
feed line, EBG structure etc. In [2], a T-shape stubs and
a pair of U-shaped parasitic elements have been intro-
duced to achieve dual notched band. A design of dual
notched band UWB antenna has been proposed in [3],
where microstrip line resonator at the ground plane
along with T-shape stub have been implemented. A
circular monopole antenna with a partial annular slot
having dual notch characteristics is proposed in the
article [4]. A unilateral stepped structure has been uti-
lized in the ground to achieve enhanced impedance
bandwidth and dual notched band characteristics has

PACS number: 84.40.Ba

been found by applying E-shaped defected ground struc-
ture which is presented in [5]. Azim et al. [6] have im-
plemented a novel tri-arm resonator structure on the
ground plane to achieve the notches for WiMAX and
WLAN bands. A pair of I shape strips along with a pair
of rotated T-shape strips on the backside of the radiating
element resulted in a dual band-notch property for
WLAN and X-band satellite communication system as
proposed by Ojaroudi et al. [7]. The paper by Fakharian
et al. [8] reported a band-notch effect using C-shape slots
with a circular arc on the patch. An F-shape feedline has
been reported in the article [9] to achieve suppression of
the band. Yadav et al. [10] have proposed a slot-loaded
UWB antenna to get a similar kind of frequency re-
sponse. Peddakrishna et al. [11] have investigated a
band-notched UWB antenna with a PI-shape slot on the
radiating element and EBG slots on the ground plane.
Recently Yadav et al. [12] have stated an article with
CSRR and U slots on the patch to achieve a similar goal.
In this article, a hexagonal UWB monopole antenna
with wide bandwidth together with the stated stopband
is proposed. Two U-shape slots on the metallic radiat-
ing patch have been etched out to obtain the desired
band-notch effect. The inverted U slot is responsible for
eliminating the WiMAX band. Rejection of the WLAN
band is realized by using another slot. The effective
length of the slot is less as compared to the previous
one. This indicates that the resonant frequency at
notch-band is related to the length of the slot.

2. ANTENNA DESIGN AND STRUCTURE

The structure of the proposed antenna is shown in
Fig. 1. It has been designed using electromagnetic solv-
er Ansys HFSS. Arlon AD300A has been chosen as
substrate which has dielectric constant e, = 3, thickness
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h =1.524 mm, and loss tangent is 0.002. A hexagonal
structure has been considered here as radiating ele-
ment. Initially, the antenna has been designed without
any slots on the radiating elements. The simulation
result is depicted in Fig. 2 and shows that the reference
antenna provides an ultra-wide bandwidth form 2.6-
11.4 GHz. It has a good impedance matching over en-
tire operating band. The sidearm length of the hexagon
is 11 mm. Here a microstrip feed line has been used to
excite the patch. The width and the length of the feed
line are 3.8 mm and 21 mm, respectively. To obtain
band notch effect for WiMAX band, it has been etched
out a slot of inverted U-shape over the hexagon. The
dimensions are given in Table 1. Further, by introduc-
ing another U-shape slot, successful suppression of
WLAN band has been achieved. In this case, the total
slot length is lesser as compared to the previous one.

Table 1 — Design parameters of the proposed antenna (units
are in mm)

Parameters Values Parameters Values
Ls 56 L2 8.5
Ws 38 L3 6.8
Lg 20 L4 6.4
Wg 36 w1 0.5
Lc 1.5 w2 0.5
We 4.5 CL1 0.5
Lf 21 CL2 0.6
Wf 3.8 CWi1 0.6
Wh 11 CcW2 0.5
L1 12.4 — —
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Fig. 1 — Structure of the reference antenna (a), proposed an-
tenna radiating plane (b), and the ground plane (c)

3. RESULTS AND DISCUSSION

Simulated frequency vs S11 graph of the reference
and proposed antennas has been shown in Fig. 2. Both
antennas possess wide impedance bandwidth of 125 %,
shown in Table 2. Due to the inclusion of inverted U
slot on the patch, notch band over the frequency range
from 3.15-3.81 GHz has been obtained. Another notch
band from 4.90-5.86 GHz has been found due to anoth-
er U-shaped slot. The mentioned notches will corre-
spond to WiMAX and WLAN bands, respectively. The
variation of gain with frequency of proposed antenna
has been shown in Fig. 3. The maximum realized gain
at the center frequency of the two rejection bands are
— 5.4 dBi for WIMAX and — 2.6 dBi for WLAN.

Table 2 — Simulated results for the reference and proposed
antennas

. Rejection Rejection
?gg(zl)w :/dth band at lower band at higher
> band (GHz)  band (GHz)
Ref. antenna 2.6-11.4,125 % — —
Prop. antenna  2.4-10.6, 126 % 3.15-3.81 4.90-5.86
0
) — -— Reference Antenna
—— Proposed Antenna
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Fig. 2 — Frequency vs return loss graph of the antenna
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Fig. 3 — Frequency vs gain graph of the proposed antenna
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Fig. 4 — Current distribution of the antenna at 3.5 GHz (a)
and 5.56 GHz (b)

The surface current distribution of the designed an-
tenna at 3.5 GHz and 5.56 GHz is shown in Fig. 4.

The simulated co-polarization and cross-polarization
of E-plane radiation patterns for the proposed antenna
at 4.52 GHz, 7.45 GHz, and 10.08 GHz are respectively

shown in Fig. 5a, Fig. 5b, and Fig. 5¢, where good bidi-
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rectional radiation pattern has been observed.
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Fig. 5 — Radiation pattern of the proposed antenna at

4.52 GHz (a), 7.45 GHz (b), and 10.08 GHz (c)
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4. CONCLUSIONS

In this article, a design of compact ultra-wideband
microstrip antenna with dual notch band characteristics
and utilizing two U shaped slots on the patch has been
designed and studied extensively. The reference anten-
na and proposed antenna have been designed in com-
mercially available electromagnetic simulation software.
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KoHcTpykIlia KOMIIAKTHOI reKcaroHajibHol HecumerpudHoi aurenrn UWB mianmasony
31 minuHEUM oTBOpOM i HBocMmyroBum (3.5/5.5 I'l'r) pemxexropom

Surajit Mukherjeel, Avisankar Roy!, Sunandan BhuniaZ2
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VY crarTi onmcaHa KOHCTPYKINA KOMIIAKTHOI HECHMETPHUYHOI aHTeHH Hammuporocmyrosoro (UWB) mia-
a30Hy 3 JBOMA CMYTOBMMHM DPEKEKTOPHUMU XapaKTePUCTUKAMHU. EQeKT peskeKTOpHHUX CMYr HAaI3BUYANHO
BaKJIUBHI 1715 Oyab-axoi UWB cucremu, 106 yHUKHYTH TIEPEITKOJ, ICHYIOYUM BY3bKOCMYTOBUM JIO/IATKAM,
takuM gk WiMAX ta WLAN. V 3ampornoHoBaHI KOHCTPYKIIII PO3IVIAAABCA BUIIPOMIHIOIOUNM €JIEMEHT IIec-
TuKyTHOI dhopmu. Bl Heoguaxosi U-mmomiOHI IIIMHA Ha BUIIPOMIHIOBAJILHOMY HAT4l OyJId peasidoBaHi I
IOCATHEHHS XapaKTePUCTUK IIOABIAHOT0 peskeKTopHoro gimsrpa. Ilepesepruyra U-momibHa 1IiInHA BUTPAB-
JIIOBAJIACS HA TeKCATOHAJIBHOMY IIaT4l JJIs JOCSTHEHHS PEelKeKTOPHUX XapakTepucTur st cmyra WiMAX
(3,2-3,8 I'T'mr). Ille omma mrismaa, mo mae U-momibHy dopMmy, Takosk OyJia BUTpaBipyBaHa Ha ImaTdi, 1miob J10-
CATTH peskeKTopHUX xapakrepuctuk s cmyrd WLAN (5,1-5,8 I'T'r). 3ampornornoBadHa aHTeHa Mae 3arajib-
Huit poamip 38x56 mm2. Arlon AD300, ssruit Mae glesIeKTpUYHY IIPOHUKHICTE & = 3, OyB 00paHuil ik Marepi-
air miaraagku. TosmwHa migakiaankn b = 1,524 mm. [Iporpamue 3a6e3meueHHs 1T TOBHOXBUJILOBOTO €JIEKT-
pomarwuiTHOro MomeaioBauusa Ansys HFSS Gyso Bukopumcrano s aHaN3y pamiamiiHUX XapaKTepPUCTUK
KOHCTPYKITii. 3alIpolloHOBAHA aHTEHA YCIIIIHO OXOILTioE BuaieHuit yacrorauii UWB criextp, mpamonoun B
emys3i wacrot Big 2,6 I'T' mo 11,4 I'T, (VSWR < 2), mro Bigmosizae emysi mpomyckauanasa 120 %. CrnpoexroBana
aHTeHA IeMOHCTPYE TapHi KoedillieHTH MiICUICeHHS Ta JBOHANPABJIEH] JiarpaMu CIIpAMOBAHOCTI.

Kmiouosi cnosa: UWB, [IBocMmyrosuii pesxexropHuii, KoMmmakTamii.
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