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Abstract: A compact triple band notched tapered microstrip fed Ultrawideband (UWB) antenna for wireless communication

applications in C, X and Ku bands is proposed. The antenna having a compact size of 16x26 mm2, consisting of an elliptical patch
and a truncated ground structure to achieve impedance of -10 dB bandwidth of 3.1 GHz to 18.8 GHz. Triple band notched
characteristics are obtained from 3.7 GHz to 4.2 GHz for C band, 5.18 GHz to 5.85 GHz for Wireless Local Area Network (WLAN)
and 8 GHz to 8.4 GHz for X band applications associated with the satellite communication, fabricating three inverted slots that are
U-shaped in the patch of elliptical form. Good agreement between theoretical and the practical results achieved through simulation

of the antenna proposed is a compatible candidate for portable ultra-wide band applications.
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1. Introduction

In 2002, the band of frequencies ranging from 3.1 to 10.6 GHz is allocated applications of the UWB that
are unlicensed by the FCC [1], for the EIRP (effective isotropic radiated power) of 41.3 dBm/ MHz. the
ultrawide band antennas are the fundamental equipment of the unwired systems of communication, so
careful attention is necessitated for the designing of the ultra-wide band antennas as the antenna requires
low profile, compact size and low cost, radiation patterns that are stable with the simple structures. To
achieve these characteristics, various microstrip antennas were reported with different shapes such as
rectangular patch with steps [2], circular shaped [3], a heart shaped [4], and cutting different shapes of slots
in the ground plane [5].

However, antenna designs for UWB systems face severe Electro Magnetic Interference (EMI) problems
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with narrow band systems like Worldwide Microwave Access Interportability WiMAX (and X-band
satellite communication Hence, to alleviate the EMI of ultra-wide band systems with the systems that are
of narrow band, ultra-wide band antennas with multiple bands that are notched are put forth in the paper.
The functionalities for the notched band are generated by introducing y dual slots that are U- shaped [6],
C- shaped slot [7], meandered shaped [8] in the patch for radiating and V-shaped slots [9] in the ground.

The present work is focusing on the design of an elliptical shaped monopole antenna to cover the -10 dB
impedance bandwidth of UWB, X and Ku bands with triple band notch characteristics in UWB band. The
fractional impedance bandwidth of more than 143% of proposed antenna is achieved by fractional ground
plane and a tapered microstrip feed line. [10-16].

2. Design Methodology

The Figure 1 and Figure 2 shows the proposed ultra-wide notched band antenna’s geometry.
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(A) View from Top (B) View from Bottom

Figure 1 Proposed Antenna’s Geometry
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(A) View from Top (B) View from Bottom

Figure 2 Snap Shot of Fabricated-Antenna

An elliptical shaped patch is reproduced on substrate (FR-4) of dimension 16 x 26 mm2. The elliptical

patch is fed with a 3 x 12.2 mm? size tapered microstrip feed line, designed to be matched with a 50Q
SMA connector. The optimal magnitudes of the ultra-wide band antenna put forth were as given below:
Wswp=16.1 mm, Lsw=26 millimeter , Ex=6.15 millimeter, Ey=6.9 millimeter, Ws=3 millimeter, L=8
millimeter, Wx=1.3 millimeter, Ly=4.2 millimeter, W1=10 millimeter, L;=6.3 millimeter, W>=9 mm,
L,=3.45 mm, W3=8 mm, Ls=1.7 mm, Lg=11.05 mm, Ly=3.8 mm, Wy=3 mm, and Wg=5 mm.

3. STUDY OF THE PROPOSED ANTENNA- PARAMETRIC DETAILS

The procedure of developing triple UWB monopole antenna-notched antenna to cover C, X, and Ku bands
is discussed with parametric study. Firstly, the reference elliptical UWB antenna with truncated ground
structure as shown in Figure 3 (A), Antenna 1 is designed to cover -10.1 dB BW of 3.12 to 19.66 GHz
suitable for applications of bands Ku, C, and X.
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(A) 1% antenna (B) 2" antenna (C) 3 antenna (D)4™ antenna
Figure 3 Proffered Step By Step Implementation.

The triple band notch characteristics of the antenna proffered is achieved by utilizing three inverted slots
shaped into U. The U- shaped slot that is inverted on the upper side introduces a band notch for C-band, the
middle one for WLAN and the slot U-shaped and lower inverted for X-band. The notched frequencies of
the proposed antenna approximated mathematically as given by [17],

c Cc
=~ A — > (1
fr lgx [Eeff 2L X \[€eff ( )

Where ¢, — effective- dielectric constant, while c — light speed, and £ is notched frequency associated
with the total effective length, L, of the inverted U- shaped slots. Here, the total effective length of the slots
L, is equal to %" (44 is the guided wavelength at f.). Each slot of the proposed antenna works as a half

wavelength resonator. The magnitude of return loss (S11) plot for first, second, third and fourth antennas
are shown in Figure 4.
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Figure 4 Return-Loss magnitude (S11) plot of antenna proffered in different stages

Antenna 2 structure creates a notch for the band C at f,.= 3.74 GHz and by etching U-shaped slot that is
upper inverted with optimized physical length L,=22.6 mm. The structure Antenna 3 creates a notch band
centered at 8.1 GHz for X band satellite communications by etching lower inverted U-shaped slot with
optimized physical length L= 11.4 mm. The Antenna 4 structure creates notch band centered at 5.6 GHz
for WLAN frequency by introducing middle inverted U- shaped slot with optimized physical length
L,=15.9 mm.

The parametric study of the planned triple notch-band antenna for each band notch is studied by dimension
that are unpredictable of a particular slot length at a period however keeping extra slot lengths Stable. The
return loss plot for variation in individual total lengths of the slots L, are shown in Figure 5(A) - (C).
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Figure 5 Proffered antenna return loss with different slot lengths (A) Upper slot (B) Lower slot (C)
Middle slot

From Figure 5(A) - (C), it is observed that variation in length of each slot shifts the centre frequency of
notch band. The variation of length of an individual slot almost does not disturb the centre frequencies of
other band notches. Thus, each notched band frequency is regulated adjusting the average length of
individuals and location un-affecting the other notched bands.

4. RESULTS AND DISCUSSION

The practical and the theoretical return loss (Si1) plot of the proposed feeler is depicted in Figure 6. The
electrical performance of the feeler is measured using the Anritsu MS2037C/2 network analyzer gain and
the gains of the antennas of the reference and the proposed antennas are for the frequencies3.8, 1.93, and
8.3 GHz are -2.32, -1.52 and -.95 respectively are displayed in Figure 7.
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Figure 6 Theoretical and practical return loss (S11) plot of proffered antenna
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Figure 7 Measured peak gain of reference UWB and proposed antenna

The measured 2- proffered antenna, dimensional radiation s in E- plane and in H- plane.
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Figure 8 Measured 2- D radiation patterns for the proposed at (A) 3.42 GHz (B) 4.34 GHz (C)
7.52 GHz.
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Figure 9 Simulated surface current distribution of the proposed antenna at (A) 4 GHz (B) 5.7 GHz (C)
8.22 GHz.

The simulated current distributions at notch band frequencies 4 GHz, 5.7 GHz, and 8.22 GHz are shown
in Figure 9 (A) - (C).

From Figure 9 (A) - (C), it is observed that the surface currents in the area surrounded by the inverted U-
shaped slots at different notch band frequencies 4, 5.7 and 8.22 GHz, are concentrated more (shown in red
colored areas) than the area surrounded by the radiating patch. Also the direction of surface currents in
these slots is opposite to the direction of surface currents in the radiating patch, which indicates that the
cancellation of currents between the notch elements and the radiating patch weakens the effective radiation,
and thus creates the band notches at 4 GHz, 5.7 GHz, and 8.22 GHz.

Ref. Antennas Size Area Notch Band (GHz)
(mmz) (mm?2)
[10] 36 x 38 1368 3.45—4,5.15-59,6.77 —8,83-9.1,
9.3- 10.6
[11] 33 x 28 924 3.30— 3.70, 4.50— 4.83, 6.67— 7.15
[12] 30 x 30 900 3.39- 3.88, 5.11- 5.97, 8.0- 8.71
[13] 30x 30 900 2.5.3.5.55
[14] 20 x 40 800 3.9- 41,5.0- 5.7.6.6- 6.9
[15] 27 x 27 729 34,56,7.6
[16] 25 x 27 675 3.3-3.7,5.15- 5.875, 7.1- 7.6
Proposed Antenna 16 x 26 416 3.7-4.2,52-585, 8-84

Table.1. Performance Comparison
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5. CONCLUSION

A Compact triple band notched UWB monopole-antenna for application in bands C, X, and Ku is
presented. the results observed for the antenna put forth in the paper has return loss (S11) is < -10 db over
the entire C, X, and Ku bands, except for the three notched bands at C-band (3.7-4.2 GHz), WLAN band
(5.2- 5.85 GHz) and X- band (8- 8.4 GHz) in frequencies of UWB. The advantages of this antenna are, it
covers a wide impedance bandwidth ranging from 3.1 GHz to 18.8 GHz, its compactness, and triple band
notch characteristics over UWB frequency range are achieved by simply three inverted U- shaped slots
etched out on patch. The compact size of antenna makes it compatible for the mobile applications in ultra
wide band.
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