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Abstract

In this paper, we propose a new ultra-wideband (UWB) antenna for UWB applications.
The proposed antenna is designed to operate from 2 to 12 GHz. It consists of a T shape patch
united with U shape patch with a partial ground plane to form an antenna. The proposed
antenna is successfully simulated, designed, fabricated and measured. The measured results
show that the proposed antenna with dimensions of 75 mm (Wsub) x100 mm (Lsub) x1:6 mm
(H) has a large bandwidth over the frequency band from 2 GHz to 12 GHz with VSWR less
than 2. The proposed antenna exhibits nearly omni directional radiation pattern, stable gain,
and small group delay variation over the desired frequency bands. Details of the proposed
antenna design and measured results are presented and discussed
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1. Introduction

The Ultra-wideband (UWB) system covers the frequency range from 3.1-10.6 GHz, which
based on narrow pulses to transmit data at extremely low power, and looks like random noise
to most conventional radio systems. The UWB technology offers several advantages over
conventional communications systems. For instance, there is no carrier frequency. Instead,
UWB emits timed "pulses” of electromagnetic energy. Therefore transmitter and receiver
hardware can be made very simple, which is necessary for the portable devices. There is a
wide range of applications for UWB technology, which includes wireless communication
systems, position and tracking, sensing and imaging, and radar. Antenna plays an essential
task in UWB system, which is different from narrowband system. UWB systems transmit
extremely narrow pulses on the order of 1ns or less resulting in bandwidths in excess of 1
GHz or more. However, the design and fabrication of high-performance
transmitting/receiving antennas often present significant challenges in the implementation of
these systems. The challenge lies in the development of an antenna, capable of handling these
high-speed pulse trains. The design of a UWB antenna is very difficult, because the fractional
bandwidth is actually big, and antenna must cover multiple-octave bandwidths in order to
transmit pulses that are of the order of a nanosecond in duration. Since data may be contained
in the shape of the UWB pulse, antenna pulse distortion must be kept to a minimum. From a
system design perspective, the impulse response of the antenna is of particular interest,
because it has the ability to alter or shape the transmitted or received pulses. In practice,
attempt must be made to limit the amplitude and group delay distortion below certain
threshold that will ensure reliable system performance. Recently, the ability to incorporate
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more than one communication standard into a single system has become an increasing
demand for a modern portable wireless communication device. Due to the limited space, it
often requires an antenna to operate at several bands [1]. Ultra-wideband (UWB) technology
is emerging as a solution for IEEE 802.15.3a (TG3a) standard [24,25].The standardization of
the UWB radio is ongoing under IEEE 802.15 WPAN High Rate Alternative PHY Task
Group 3a (IEEE802.15.3a) and wireless personal area network (WPAN) is originated by the
Bluetooth (IEEE802.15.1). IEEE802.15.3a is trying to establish the new standard of WPAN
to drastically increase the data rate, which is a weak point of Bluetooth. Now IEEE802.15.3a
considers the use of UWB, following the tentative regulation of FCC (Federal
Communications Commission, USA), to achieve the bit rate of 110 Mb/s at 10 m and 200
Mb/s at 4 m. The purpose of this standard is to provide a specification for a low cost, low
complexity, low power, and high data-rate wireless connectivity among devices within
personal operating space. UWB technology has received an impetus and attracted academia
and industrial attention in the wireless world ever since Federal Communication Commission
released a 10 dB bandwidth of 7.5 GHz (3.1-10.6 GHz) with an effective isotropic radiated
power (EIRP) spectral density of 41:3dBm/MHz for communication applications [3]. The
release of an extremely wide spectrum of 3.1-10.6 GHz for commercial applications has
generated a lot of interest in the research and development of UWB technology for short
range wireless communications, imaging radar, remote sensing, and localization applications.
Various planar monopole antennas with ultra-wideband characteristic have been reported [14,
15]. Beside UWB, Bluetooth applications also have the advantage of license free operation in
the industrial, scientific and medical (ISM) band
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Figure 1. UWB Spectral Mask per FCC (Modified) Part 15 Rules [1]

Ultra wideband (UWB) is a leading candidate for short-range, wireless personal area
networks, or WPANSs. With this technology, people will be sharing photos, music, video, data
and voice among networked consumer electronics, PCs and mobile devices throughout the
home and even remotely. For example, users will be able to stream video content from a PC
or consumer electronics (CE) device, such as a camcorder, DVD player or personal video
recorder, to a flat screen HDTV (high-definition television) display without the use of any
wires. In this application, a wireless universal series bus (W-USB) is required to replace
cables and build up high speed wireless link between personal computers and other devices.
The W-USB has strong demands for high-performance UWB antennas which will be facing
three most challenging issues namely miniaturized size, reduced ground plane reliance, and
enhanced diversity performance [30]. The design is based on a MEDIUM SIZE printed
UWB antenna [30,31] with dimension of 75 mm x 100 mm x 1.6 mm. T shape strip is
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attached to the top side of the radiator to manage the radiation pattern for high gain. A Fork
shape radiator united with the T shape radiator to form antenna. The ground-plane effect on
impedance performance of the antenna has been significantly reduced due to partial length of
the ground plane. This idea is an effective method to alleviate the problem of the ground
plane reliance. This Medium size printed antenna should be reduced further in order to fit
within the W-USB dongle.

2. Antenna Design and Simulated Return Loss

Figure 2 shows the evolution of the proposed UWB antenna, which consists of a
rectangular partial ground plane and a radiator. The patch radiator has two antenna united
together one is U shape and second is T shape. The antenna size is 75 mm x 100 mm x 1.6
mm and printed on the substrate of the same size. The substrate material is FR4 with er =4.4

and tan6=0.02
(a) (b) (c) (d) (e)

Figure 2. Evolution of the Proposed Dual Band Antenna
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Figure 3. Geometry of Proposed Antenna

The optimum dimension of the antenna is as follows: Wsub= 75 mm, Lsub=100mm,
Wt=45mm, Lt=45mm, Wu=55mm, Lu=40mm,Lg 40mm,Wf=3mm, Lf=43mm, R=20mm,
r=10mm, W1=15mm, W2=15mm, Wg=75mm, Lg=39.5mm. By selecting these parameters,
the antenna can be tuned to operate in the 2 GHz to 12 GHz frequency range with return loss
below -10 dB as shown in Figure 4. The excitation is a S0Q microstrip line printed on the
partial grounded substrate. To design the antenna, two techniques are used: (i) two antenna
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united as a single patch, (ii) a partial ground plane, which can lead to a good impedance
matching.
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Figure4: Measured and Simulated Return Loss (S11) Curves of Proposed
Antenna at Lg=39.5mm

3. Parametric Study

Parametric study has been conducted to optimize the design of the antenna. This study is
crucial as it gives approximation measure before antenna fabrication can be done. The
performance of U-T shaped dual UWB antenna with 2-12 GHZ band characteristic depends
on number of parameters, such as length of the ground plane, gap (g) between radiating patch
and ground plane, width of the substrate (Wsub) and length of the substrate (Ls), length and
width of the ground plane, width (W) and length (L) of the U-T shape radiating patch. Beside
these, antenna performance also depends on ground plane size and shape. The impedance
bandwidth of the proposed antenna at different Lg is shown in Figure5. The optimum
impedance bandwidth is obtained at Lg=39.5mm, the capacitance that results from the
spacing between edge of ground plane and radiating patch reasonably balances the
inductance of the antenna. Figure4 shows return loss S11 (dB) at 39.5mm.
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Figureb. Simulated Return Loss (S11) Curves of Proposed Antenna for
Different Ground Length (ref to Figure 3)
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Two cases are considered when the Lg=40mm and Lg=40.5mm, the resonance n figure5.
When the feed location changes to d = 6.9 mm, the return loss frequency range is 3.8 GHz to
8.5 GHz; and when the feed location changes to d = 5.9 mm, the return loss frequency range
is 3.3 GHz to 11.5 GHz and higher. Hence, the antenna performs more or less worse in both
these changes than the optimized case in Figure 5. Further analysis of above cases should
combine with the discussion of current distribution changes.
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Figure6. Simulated VSWR Curves of Proposed Antenna for Different Ground
Length (ref to Figure 3)

The VSWR of less than 2 is obtained for a band of 2-12GHz. To understand the working of
antenna, we find a surface current at frequency of 3,5and 7 GHz. At 7 GHz whole current is
concentrated in ground plane. So, radiation is not occur at 7 GHz and band-notched
characteristic achieved. Surface current results are shown in fig 7.0n the ground plane, the
current is mainly distributed on the upper edge along the y-direction. That means the portion
of the ground plane close to the disc acts as the part of the radiating structure. Consequently,
the performance of the antenna is critically dependent on the width(Wg) of the ground plane
[8, 9].However, it also leads to a disadvantage, i.e., when this type of antenna is integrated
with printed circuit board, the RF circuitry cannot be very close to the ground plane.
Simulations have shown that when the length of the ground plane is more than 39.5mm, the
performance of the antenna is almost independent.
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Figure 7. Surface Current Distributions of Proposed Antenna at 3, 5 and 7
GHz
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Antenna radiation pattern demonstrates the radiation properties on antenna as a function of
space coordinate. For a linearly polarized antenna, performance is often described in terms of
the E and H -plane patterns. The E -plane is defined as the plane containing the electric field
vector and the directions of maximum radiation while the H -plane as the plane containing the
magnetic field vector and the direction of maximum radiation. The x- z plane elevation plane
with some particular azimuth angle ¢ is the principle E -plane while for the x- y plane
azimuth plane with some particular elevation angle 6 is the principle of H -plane [3]. Figure 8
shows the simulated two-dimensional E and H -plane at three frequencies. In the E -plane, the
value of azimuth angle ¢ of 0cand 90- while in H -plane, the value of elevation angle 6 of 0°
and 90- are taken into consideration. The plot for radiation is utilized for three frequencies
within pass band, which are 3 GHz at the lower bound, 5 GHz at the middle bound and 7 GHz
at the upper bound. The simulated results of maximum gain in dBi of the designed antenna is
as shown in Figures 8(i,j,k). The gain is simulated at the fix point on azimuth angle of ¢ at
0cand 90-and at different elevation angle of 6. It is observed that the gain pattern is not the
same for all angle of ¢.

0 0 ®
Figure 8(a,b,c). radiation patterns (reTotal ) with 10 dB normalized value in the
¢ =0and ¢ =90° planes of a proposed patch with er =4.4 at 3,5,7GHZ ,
Figure 8(d,e,f). radiation pattern (re Phi with 10dB normalized value) in the ¢
=0"and ¢ =90° planes of a proposed patch with er =4.4 at 3,5,7GHZ
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4. Time Domain Analysis

In order to validate the efficiency of the antenna, the pulse base signal is excited with
Gaussian pulse. It can be related to the dispersion of receive signal compared to transmitter
signal. The time domain characteristics viz. group delay of the proposed antenna can be
measured between two identical antennas placed at 0.3-0.4 m in the face-to-face orientations,
using Vector Network Analyzer. As shown in Figure9, the measured group delay is constant
over the operating bands except over the3-5 GHZ band. The fidelity factor is given by [31]

[ p(t)s(t —7)dt
—max —

\/fp i‘dr‘\/[92

Where, 1 is a delay which is varied to make the numerator in Equation (1) a maximum. It
determines the correlation between the excited pulse signal p(t) and radiated or received pulse
signals(t). The fidelity factor can also be measured between excited and radiated pulse while
it is also measured between excited and received pulse, which is a slightly less than the
fidelity factor between excited and radiated pulse. From those measurements the status of
offering good pulse handling capability as demanded by modern Bluetooth and UWB
communication systems can be understand
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Figure 9. Simulated Group Delay of the Proposed Antenna

5. Fabrication and Measured Results

The antenna structure is fabricated on a printed circuit board (PCB) using Photolithography
technique and tested. The fabricated antenna is shown in Figurel2. Below fig clearly show
the process for S11 (dB) measurement which is for Lg=45mm. The measured results
reasonably agree with simulated results, by changing the length of the ground plane different
S11 values can be obtained. The proposed antenna performs good impedance matching over
the UWB band.
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(@ Top View (b) Bottom View

(c) Antenna under Test

Figure 12. Photograph of the Proposed Antenna

6. Conclusion

The printed U-T shape monopole antenna fed by microstrip line is investigated in this
paper. It has been shown that the performance of the antenna in terms of its frequency domain
characteristics is mostly dependent on the feed gap h, the width of the ground plane W and
the dimension of the ant. The first resonant frequency is directly associated with the
dimension of the U and T radiating patch of the antenna because the current is mainly
distributed along the edge of the radiating patch. The partial ground shows better return loss
compared to full ground patch on the bottom because the antenna is transformed from patch-
type to monopole-type by the partial ground. In order to further improve its overall bandwidth
two steps of feed line can be used but that may be used for different application. The feed line
is connected to SMA center pin with width of 3 mm. This paper investigates antenna
performance in terms of the radiation pattern and reflection coefficient. To control antenna
behavior, it is necessary to observe the current distribution. The proposed antenna is
fabricated on FR4 with er=4.4, tan6—=0.02 and the thickness is 1.6mm with the proposed
dimension of 75mm x 100 mmx1.6mm. The simulated results of proposed antenna for return
loss is less than -10 dB and VSWR is less than 2 satisfies the system requirements for S-
DMB, WiBro, WLAN, CMMB and WPAN application at the operating frequency of 7
GHz.
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