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ABSTRACT: In this paper, a compact ultra-wideband (UWB) filtenna with triple notch bands is proposed. By
embedding two T shaped resonator in the radiating patch; two band-notched properties in the Wi-MAX (3-3.7 GHz),
WLAN (5.125-5.825 GHz) are obtained. Furthermore, by etching out a U shaped slot in feed-line of the patch antenna,
band notch property for the 7.3-8.7-GHz X-band frequencies is achieved. Design guidelines for implementing the
notch-bands at the desired frequency regions are provided. The notched frequencies can be adjusted according to
specification by altering the parameters of the resonators. The realized antenna achieved an operating bandwidth
(VSWR< 2) ranges from 2.39 to 16.25 GHz with switchable notched bands at 3.0-3.72GHz, 5.0-5.8 GHz and 7.4-8.71
GHz. The simulation results are given to verify that the proposed antenna is suitable for modern high data rate UWB
communication applications. The maximum measured gain for the fabricated antenna is around 11.54 dBi with an
average efficiency above 80.97% throughout the bandwidth.

KEYWORDS: Ultra Wide Band (UWB), Filtenna, Notch Band, Worldwide Interoperability for Microwave Access
(Wi-MAX), Wireless Local Area Network (WLAN), International Telecommunication Union (ITU)

. INTRODUCTION

Ultra-wideband (UWB) technology has recently received much attention due to the characteristics such as low cost,
low complexity, low spectral power density, high precision ranging and become the most potential candidate for short-
range high speed wireless communication systems. Stemming from military radar applications, ultra wideband (UWB)
communications are being researched intensively in both academic and industrial environments since the Federal
Communications Commission (FCC) released 3.1 to 10.6 GHz unlicensed band for radio communication(l).
Researchers have made many efforts to investigate different UWB antennas. Until now, various structures have been
developed to achieve wideband antennas. However, in practical applications, antenna design for UWB systems is still
facing many challenges. The designs of antenna for ultra-wideband (UWB) applications face many challenges
including their impedance matching, radiation stability, compact size, low manufacturing cost, and EMI problems. The
EMI problems are quite serious for UWB systems since there are several other existing narrowband services, which
occupy frequency bands within the UWB bandwidth [2]. A few examples of hostile systems are IEEE 802.16 Wi-MAX
(3.3-3.7 GHz), IEEE 802.11a wireless-LAN (WLAN) 5 GHz (5.15-5.825), and ITU 8 GHz (8.025-8.4 GHz) band [3].
Therefore, it is necessary for UWB antennas performing band notch characteristics in those narrow frequency bands to
avert the potential interferences. Several UWB antennas have been attempted to overcome interference problem using
frequency band rejected characteristics design.

In these cases, UWB filtennas with notched characteristics at certain bands are desired. Filtennas are antennas that also
perform filtering operations. Filtennas are employed to relieve the necessity of a band-pass (or band-stop) filter in the
receiver front end. Ultra-wideband (UWB) frequencies (3.1 to 10.6 GHz) often employ filtennas to notch out the IEEE
802.16 Wi-MAX (3.3-3.7 GHz), IEEE 802.11a wireless-LAN (WLAN) 5 GHz (5.15-5.825), and ITU 8 GHz (8.025-
8.4 GHz) band to remove EMI problems. Hence, in order to keep the antenna footprint unaltered, designers have
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resorted to the approach of embedding parasitic strips or slots of different shapes in the radiating element or ground plane of the
antenna systems [4]-[7].

The main problem of band rejection design is the dillculty of controlling the bandwidth of the notched band in a limited antenna
space. Moreover, while adequate band rejection is highly desirable, the performance of the antenna should remain essentially the
same for the rest of the band.

1. RELATED WORK

Recently, a number of UWB antennas with band-notched properties were presented where various methods have been used to
achieve the band notching. Examples of approaches used are:

-cutting slots with different shape in the radiation patch (4-8)

-inserting slits on the feed line (9-10)

-adding parasitic strips or split rings near the feed line or around the ground plane (11-12)

-embedding resonator to filter to achieve the desired band rejection (13-16)

-combination of above mentioned any two techniques (17-21)
Integration of external band-reject filters increases system complexity and size. Hence, in order to keep the antenna footprint
unaltered, designers have resorted to the approach of embedding parasitic elements or slots of different shapes in the radiating
element or ground plane of the antenna systems.
In the present paper, a compact, (24x24) mm? filtenna fed by a 50Q micro-strip feed line is presented. The band-notching is
implemented using a U-shaped slot in the feed line and a pair of T shaped resonator in the radiator. The proposed antenna is
designed using Ansoft’s High Frequency Structure Software (HFSS).Section Ill presents the geometry, the antenna model and
various antenna dimensions. Section 1V discusses the simulated and the experimental results performed and Section V is
summarized the final conclusions of this study.

1. ANTENNA DESIGN

This section describes the antenna geometry and the design process. A full wave analysis of the proposed structures is obtained by
using the electromagnetic software, Ansys HFSS™ v13.1 which is based on Finite element method (FEM) numerical technique. The
design goals are to achieve impedance bandwidth cover the wide frequency spectrum with good gain, stable radiation patterns across
the whole desired band excluding the rejected band (the band-notch) that obtained by two different techniques.

A. Antenna geometry
The proposed antenna is described in this section. The design starts with a micro-strip patch antenna where Figure 1(a) demonstrates
the top view & Figure 1(b) depicts bottom view of proposed switchable filtenna structure.
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(a) Top-view (b) Bottom-view
Fig.1 Top & Bottom view of proposed antenna
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The antenna is printed on 24mm x 24mm FR4 epoxy substrate with the relative permittivity & = 4.4, a loss tangent tan
6 =0.02 and a thickness h = 1.6 mm. It is composed of a 50Q micro-strip feed line with the width of W and length of
L to couple the input signal to the radiating patch, a planar modified elliptical shaped radiating patch with pair of T
shaped resonator and a U shaped resonator. Partial rectangular ground plane with two rectangular shaped slots has been
used for better impedance matching.

Several aspects were considered to optimize the final design like the overall impedance bandwidth of the antenna,
bandwidth of the notched bands and the level of band rejection at notched frequency. Proper impedance matching

produces the best return loss at the wanted frequency. In the micro-strip feed line, the impedance of the micro-strip line
is given by —

12017 1

Zc=
Jereff Ehf +1.393+ ﬂ.ﬁﬁﬂn(—':f + 1.+H-)

o))

The analysis of the proposed antenna structure is based on transmission line modal analysis. Figure 2 shows the
geometry of proposed antenna structure used for simulation in next section.

g1
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wg2
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Fig.2.Geometry of (a) Radiating patch & Resonators (b) Ground & Substrate

The optimal antenna parameters are tabulated in Tablel.

Table 1: Summary of Dimension parameter of switchable filtenna

Parameter Dimension Parameter Dimension
(mm) (mm)
Wisup 24 Wsior 0.3
Lsup 24 TL 5.6
Wi 3 TW 14
Ls 11.8 UL 5.4
h 1.6 uw 1.2
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Lg 12 GAP 1.4
Lgl 1.4872 K=Dma/Dmi 1.5
Lg2 3.6 Dma 8.2
Wyl 3.6 SW1 &SW2 0.8x1.1
Wg2 1 SW3 0.3x1

Figure 3 shows the 3-D structure of simulated Reconfigurable UWB Filtenna with RF MEMS switches.

Figure: 3 3-D structure of simulated Wide Band antenna\
111. SIMULATION RESULTS AND DISCUSSION

The analysis of proposed filtenna is done using the simulation performed on Ansys HFSS EM simulator for the
frequency range of 1 to 25 GHz. During the simulation and measurement, the presence of a metal bridge represents ON
state and the absence of a metal bridge represents OFF state. The various switch configurations are tabulated in table no.
2.

Table 2: Switch configuration and their respective function

Switch Configuration Function

Configuration | (SW1-OFF) Wide-band antenna
(SW2-OFF)
(SW3-ON)

Configuration 11 (SW1-ON) Single band notch wideband
(SW2-OFF) filtenna
(SW3-ON)

Configuration 111 (SW1-ON) Double band notch wideband
(SW2-ON) filtenna
(SW3-ON)

Configuration 1V (SW1-ON) Triple band notch wideband
(SW2-ON) filtenna
(SW3-ON)
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Graph of S11 & VSWR Vs frequency (Switch Configuration 1)
Figure 4 shows the simulated return losses (S parameter) of the antenna having multi-band characteristic in the UWB
spectrum in switch configuration-I.
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Figure: 4 graph of S11 Vs frequency in switch configuration I.

It is observed from Figure 6.1 that the UWB antenna covers 2.96 —23 GHz range with a return loss less than —10 dB
providing enhanced ultra-wide bandwidth. The result indicates that the proposed antenna structure is having return loss
less than —10 dB, which is fairly low over the entire UWB range.
The VSWR of the proposed antenna structure with optimized parameters in switch configuration-I is shown below in
Figure 5.

VSWR P|Ot HFSSDesignl

Curve Info

VSWNR
S
1 1 1

-
o
llllllll

200 3.00 400 5.00 600 7.00 8.00 9.0010.0011.0012.00 13.0014.0015.0016.0017.00 18.0019.00 20.0021.0022.0023.0024.00 25.00
Freq [GHz]
Figure: 5 graph of VSWR Vs frequency in switch configuration I.
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From the plot of simulated VSWR Vs frequency of proposed antenna structure, it is seen that antenna covers wide
bandwidth i.e. 2.96-23.1 GHz for VSWR < 2 dB for the switch configuration I.

Graph of S11 & VSWR Vs Frequency (Switch Configuration I1)
Figure 6 shows the simulated return losses (S parameter) of the antenna having multi-band characteristic in the UWB

spectrum in switch configuration-II.
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Figure: 6 graph of S11 Vs frequency in switch configuration I1.

It is observed from Figure 6 that the UWB antenna covers 2.62 —-16 GHz range with a return loss less than —10 dB
except a band notch centered at WLAN band.

The VSWR Vs frequency curve for the proposed antenna with optimized parameters in switch configuration Il is
depicted below.

VSWR Plot HFSSDesignl
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Figure: 7 graph of VSWR Vs frequency in switch configuration I1.
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Graph of S11 & VSWR Vs Frequency (Switch Configuration 111)
Figure 8 shows the simulated return losses (S parameter) of the antenna having multi-band characteristic in the UWB
spectrum in switch configuration-I11.
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Figure: 8 graph of S11 Vs frequency in switch configuration I11.

It is observed from Figure 8 that the UWB antenna covers 2.62 —-16 GHz range with a return loss less than —10 dB
except two band notches centered at WLAN band & Wi-max.

The simulated VSWR of filtenna structure in switch configuration Il1 is depicted below-
VSWR Plot HFSSDesignl

Curve Info

o
o
S

==-2.00 4.00 6.00 800 1000 1200 1400 1600  18.00
Freq [GHz]
Figure: 9 graph of VSWR Vs frequency in switch configuration I11.

It can be seen that the proposed antenna in switch configuration 111 behaves as dual band notched UWB antenna, which
has a bandwidth ranging from 2.6 to 15.84 GHz with the VSWR less than 2 except a notch band at 3.2-3.7 GHz &
other one at 4.88 to 5.8 GHz to filter out the potential interferences from Wi-MAX and WLAN communication systems.
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When the antenna has SW1 & SW2 in ON state; pair of T shaped resonator forms which results in having two band
stops.

Graph of S11 & VSWR Vs Frequency (Switch Configuration 1V)
Figure 10 shows the simulated return losses (S parameter) of the antenna having multi-band characteristic in the UWB
spectrum in switch configuration-1V.
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Figure: 10 graph of S11 Vs frequency in switch configuration 1V.

It is observed from Figure 6.5 that the UWB antenna covers 2.62 —16 GHz range with S11 less than —10 dB except
three band notches centered at WLAN, Wi-max & ITU-8 GHz band.
The simulated VSWR of wide-band antenna structure in switch configuration 1V is depicted below-.

VSWR Plot HFSSDesign1
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Figure: 11 graph of VSWR Vs frequency in switch configuration 1V.
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It can be seen that the proposed antenna; in switch configuration IV is a triple band notched UWB antenna, which has a
bandwidth ranging from 2.38 GHz to 16.24 GHz with the VSWR less than 2 except three notch bands to reject the
undesired narrowband signals from Wi-MAX (3-3.7 GHz), WLAN (5-5.8 GHz) and ITU technology (7.35-8.7 GHz).

Below show the 2D radiation pattern of the antenna at the designed frequency for ®=0 and ®=90 degrees.
The measured radiation patterns in various switch configurations are plotted in Figure 12.

Ansoft Corporation Rad | atl o n Patte r n 3 . 52G HZ HFSSDesignl Ansoft Corporation Rad | atl on pattern 5 186 Hz HFSSDesignl

Curve Info Qurve Info

------ dB20normalize(rETot
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Freq='5.18GHz' Phi='0deg'
—— dB20normalize(rETot
Setupl: Sweepl
Freq='5.18GHz' Phi='90deg"

------ dB20normalize(rETot
Setupl : Sweepl
Freq="3.52GHz' Phi='0deg’
—— dB20normalize(rETot
Setupl : Sweepl
Freq='3.52GHz' Phi="90deg"

-180

a : . .
O Radiation Pattern at 8.91 GHz "=

Curve Info
-+ dB20normalize(rETot:
Setupl : Sweepl
Freqg="8.91GHz' Phi='0deg’
= dB20normalize(rETot:
Setupl : Sweepl
Freq=8.91GHz' Phi=90deg’

120

Figure.12: Simulated radiation pattern of the proposed antenna for ®=0 and ®= 90 degrees in (a) switch configuration Il at
3.52 GHz [notch frequency] (b) switch configuration 111 at 5.18 GHz [notch frequency] (c) switch configuration IV at 8.91
GHz[notch-band frequency]

It can be seen that the proposed antenna has a nearly Omni-directional radiation pattern in the H-plane and a dipole-like
radiation pattern in the E-plane.

The simulated surface current distributions of the proposed antenna in three switch configurations are shown in Figure
12.The current distribution at 5.5 GHz is mainly concentrated around the T shaped resonator near patch- feed line
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junction in Figure 12(a) and the current distribution at 3.6 GHz is mainly concentrated around the outer T shaped
resonator as shown in Figure 12(b). Compared with other parts of the notch structure in Figure 12(c), a significant
amount of current at 8.4 GHz is distributed around U shaped resonator.

(c)
Figure 12: Simulated current distributions for proposed antenna structure in (a) switch configuration Il at
5.5GHz (b) switch configuration 111 at 3.6 GHz (c) switch configuration 1V at 8.4 GHz

Notch characteristic is found in this band, since the signal coupled from the main feed line to the resonator
returns back to the feed line, and the two signals meet at a phase difference of 180°, cancels each other according to
wave cancellation theory. It can be observe from the following figure that the surface current is concentrated mainly on
the notched that are responsible for band rejection at that frequency.
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The comparative study graph of gain for three switch configurations with band notch characteristics shown in Figure 13.
The measured peak gains curve of the designed antenna exhibits three sharp gain decreases at 3.4, 5.5 and 8.2 GHz as
desired.
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Figure: 13 graph of gain Vs frequency for three configuration of filtenna

1Iv. CONCLUSION

A compact planar switchable filtenna with triple band notch characteristics has been proposed for UWB applications
and well designed by the use of the EM simulator HFSS™ v13. To achieve triple notch band characteristics, three
resonating elements are used to generate three notches separately in the Wi-MAX, WLAN and X frequency bands. The
proposed antenna is able to cover bandwidth ranges from 2.39 to 16.25 GHz with switchable notched bands at 3.0-
3.72GHz, 5.0-5.8 GHz and 7.4-8.71 GHz. The proposed antenna has a very compact size of 24 x 24 mm? which makes
it useful for portable UWB devices without causing electromagnetic interference. A prototype antenna is planned to be
fabricated by the authors using low-cost FR4-Epoxy substrate for further work relating to this Paper.
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