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1 Introduction

The design of UWB antennas requires special considerations, for example the control
of emission level over the entire UWB bandwidth in all directions, which make the
antenna design challenging [1]. The single UWB antenna element has been studied
extensively [2], and it is the time to work on the UWB antenna array, which has many
potential applications in both radio and radar systems. Recently, the radiation from
a linear UWB antenna array has been reported [3], and a time-domain array factor
proposed [4]. In this paper, a uniformly spaced linear array comprising planar UWB
dipole antennas is studied. First, time-domain waveforms due to the superposition of
ten radiating antenna elements are examined. Next, the antenna geometry as well
as the array configuration are presented. The characteristics of a single antenna
element, and the coupling between two adjacent elements are examined with Finite
difference time domain (FDTD) method and Method of Moments (MOM). After
that, a source pulse is optimized for the UWB antenna array in order to comply with
the Federal Communications Commission (FCC)’s regulation. Lastly, the radiation
of the array excited by the optimal source pulse is investigated in terms of three
different patterns.

2 Time-domain waveforms due to a UWB antenna array

In a UWB antenna array, each antenna element radiates short pulses. The super-
position of these signals in free space is determined by both the waveform of each
signal, and their relative time-delay. Figure 1 plots the superposition of 10 identical
short pulses in the form of (1) where o = 91 ps and f. = 6.85 GHz, with identical
time-delay between every neighboring pulses.

g(t) = expl=(5)?] sin2r o) (1)

Such pulse parameters are selected to make the pulse’s —10 dB bandwidth exactly
covers the UWB band from 3.1 to 10.6 GHz, which is allocated by the FCC. It can
be seen that the superposition of the pulses varies a lot with the relative time-delay,
in both magnitude and waveform. The superposition of the pulses could be a single
pulse for 0 ps delay, two separated pulses for 60 ps delay, a truncated sinusoidal-like
pulse for 100 ps delay, and a train of separated pulses with the number of antenna
elements for 360 ps delay. In an antenna array, the time-delay that determines the
final waveform depends on both the element spacing and scan angle.

3 Antenna geometry and array configuration

A planar dipole is selected to form a uniformly spaced linear array as shown in
Figure 2, where the dipoles are placed in the y-z plane, with a spacing of d. Each
dipole is excited by a voltage source with an internal resistance, R, = 1002. A —10
dB isolation between two neighboring antenna elements over the entire UWB band
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can be achieved by choosing d = 22 mm, and —20 dB isolation by choosing d = 77.2
mm, as shown in Figure 3, where the results are obtained by FDTD method and a
commercial software package IE3D with an MOM method. The single element S
and gain responses in the z-y plane are plotted in Figure 4, where the curves with
lines are obtained by the FDTD method, and those with points by the TE3D.

4 Equivalent isotropically radiated power (EIRP) and emission limits

For a uniformly spaced linear antenna array with elements excited by identical
sources, the far field time-domain waveform (s(t¢, ¢)) can be obtained in (2), where
N is the number of antenna elements, “x” is the convolution operator, f(t,¢) is the
radiated waveform from a single element in the ¢ direction, c is the light speed, and

Tpn, is the exciting delay for the nth element. No mutual coupling is assumed in (2).

N-1

= dsin ¢
s(t, @) = f(t,¢)x Y 6(t—nAt—7,) = Y f(t—nAt—7,,¢), At =
n=0 n=0

Cc

(2)

The EIRP from the array radiation can be obtained from (3), where F(w, ¢) is the
spectrum of f(¢, ¢).

N-1

S(w,d) = F(w, ¢) Z exp|—jw(nAt + 7,)] (3)

n=0
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With the inequality of | Y exp[—jw(nAt + 7,)]| < N, we have |S(w,¢)| < N x

|F(w,®)|, and the equali%yois obtained in the steering direction. Therefore, the
same source pulse designed for a single UWB antenna element to meet the FCC’s
regulation could be used for the corresponding array, and the resulting EIRP will
comply with the emission limits automatically. Furthermore, this conclusion is valid
for an arbitrary array with identical antenna elements. With PULSE-KIT [5], the
optimal source pulse exciting the planar dipole is obtained in the form of (1), with
o = 91.531 ps and f. = 6.661 GHz. The resulting EIRP from the radiation of a
single element in the z-y plane is plotted against the FCC’s indoor emission limits
in Figure 5, where about 95.5% bandwidth efficiency is observed in the broadside
direction. Clearly, the planar dipole is not ideally omnidirectional over the UWB
band, thus leading to different radiated waveforms in the z-y plane, as shown in
Figure 6.

5 Radiation patterns

As the radiated signal is no more in the continuous sinusoidal form, and the waveform
changes a lot with the scan angle, the conventional pattern calculated from power
density may be of little practical meaning. Based on different schemes to capture
the electromagnetic energy, three types of radiation patterns, namely energy pattern
defined in (4), peak value pattern in (5), and cross correlation pattern in (6), are
investigated for the array. Particularly, b(¢) in (6) is a reference pulse to correlate
the radiated pulse, and is selected to be the radiated pulse in the steering angle.
The steering angle ¢ = 0° assumes that all the antenna elements are excited by the
optimal voltage source simultaneously by enforcing 7,, = 0 ps in (2).

Penergy(9) = | (o)t (4)
Ppeak(gb) = Max{s(t, @)} (5)
Prross(6) = /0 st 4)b(t)dt (6)

The array with four or ten elements are studied in terms of the above three
radiation patterns in the x-y plane, and plotted in Figures 7 and 8, respectively. For
each case, different element spacings of d = 22 mm or 77.2 mm, corresponding to the
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—10 dB and —20 dB isolation between the adjacent elements, are selected. Three
observations can be made from the results. (1) The beam width of the main lobe
for each pattern will be narrowed by increasing the number of antenna elements, or
the element spacing. (2) Given an array configuration, the peak value pattern has
the narrowest beam width for the main lobe, and the lowest sidelobe level, while
the cross correlation pattern has the widest beam and the highest sidelobe level. (3)
The sidelobe level increases with element spacing. Specially, there is no sidelobe for
the energy and peak value patterns when d = 22 mm.

6 Conclusions

A uniformly spaced linear antenna array was investigated for UWB applications. A
planar UWB dipole antenna was selected as an array element, and simulated with
both the FDTD and MOM. A source pulse was optimized to fully make use of the
FCC’s allocated UWB bandwidth. It was proven that the pulse optimized for a
single antenna element could also be applied to an array in the sense of complying
with emission limits. Three different radiation patterns were examined for the array
with different number of elements, and element spacing. For all the three patterns,
a narrow beam width of the main lobe was achieved by increasing the array size,
either by increasing the number of elements or the element spacing. However, the
later rises the sidelobe level. Among all the patterns for a given array configuration,
the peak value pattern gave the narrowest beam width of the main lobe, and the
lowest sidelobe level.
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