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Abstract— This paper reports on an investigation of
spherical, disc, and half-disc antennas in the frequency
and time domains with the objective of developing small
planar versions of the antennas. These antennas have an
omni-directional impulse response in azimuth and a pulse
duration of 0.5 — 0.65 nanoseconds. In addition, the
measured data show a reasonable peak received signal in
a pulse communication link using two identical antennas.
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I. INTRODUCTION

Since the United States Federal Communications
Commission (FCC) adopted the first UWB Report and
Order on February 14, 2002, the interest in UWB
technology has increased substantially in both
academics and the market place. Interest is stimulated
by the expectation that UWB can solve the shortage of
the available frequency resources. UWB also represents
potential for higher data throughput.

There are many issues involved in designing UWB
systems, such as antenna design, interference,
propagation and channel effects, and modulation
methods. Designing the UWB antenna can be one of the
most challenging of these issues. UWB antennas must
cover an extremely wide band, 3.1 GHz to 10.6 GHz for
the indoor and handheld UWB applications, have
electrically small size, and hold a reasonable impedance
match over the band for high efficiency. In addition,
they are required to have a non-dispersive characteristic
in time and frequency, providing a narrow, pulse
duration to enhance a high data throughput.

Antennas in the frequency domain are typically
characterized by radiation pattern, directivity, efficiency,
gain, and bandwidth [1]. In addition, there exist clear
standard definitions related to antenna performance in
the frequency domain [2]. However, time domain,
antenna characterization is a different story. Some have
tried to define antenna characterization factors in the
time domain and also relate frequency and time domain
characteristics [3,4]. However, these characterization
methods do not provide easy design processes for UWB
antennas to satisfy the critical performance factors such
as phase dispersion, peak pulse amplitude (efficiency),
pulse width (data rate), and omni-directional impulse

response. In this paper we investigate UWB antennas
with those critical performance factors in mind.

We present the spherical, disc, and half-disc
antennas in terms of the voltage-standing-wave ratio
(VSWR), the phase linearity between two identical
antennas, and the impulse responses versus azimuth and
elevation. In addition, we also examine the pulse
duration, the omni-directional, radiation characteristic in
the time domain, and the potential occurrence of a chirp
or ringing response. Our goal is to obtain a practical
UWB antenna with a very small size, a planar structure,
and a low fabrication cost with simplicity for mass
production.

II. MEASUREMENT SETUP

All antenna tests were performed using two identical
antennas with an HP 8510 network analyzer [5] in both
the time and frequency domains in the Virginia Tech
Antenna Group (VTAG) anechoic chamber. The
antennas were oriented in a co-polarized manner and
separated by 40” distance to be in the far field. The
picture of setup is depicted in Fig. 1.

Figure 1. The measurement setup

III. ANTENNA GEOMETRY AND
MEASUREMENTS

In this section, we describe some very small planar
UWRB antennas. We first investigate a spherical antenna.
Then, we examine variations of the spherical antennas in
the form of disc and half-disc antennas.



A. SPHERICAL ANTENNA

The structure depicted in Fig. 2 is a variation of
truncated discone antenna or a variation of a three
dimensional fat monopole antenna. The fundamental
concept of this type of antenna is that it provides a
smooth transition of the guided wave from the feed
transmission line to air, as explained in [6]. The height
of antenna determines the low frequency limit of the
band, corresponding to approximately a quarter-
wavelength at the low frequency limit. The spherical
antenna was fed by simple wire connected to a coaxial
connector as shown in Fig. 2. The connection has more
reflections than the structure optimized in [7], but
provides adequate performance to cover the required
frequency range. The antenna also has a very linear
phase response. The designed antenna geometry and the
measured frequency domain data are depicted in Figs. 2
and 3.

The impulse response of the spherical antenna was
measured for varied azimuth and elevation orientations.
Fig. 4(a) shows the impulse responses from 0 to 90
degrees in elevation and Fig. 4(b) shows the impulse
responses from 0 to 90 degrees of azimuth at 0 degrees
of elevation. In total, the antenna has a good omni-
directional impulse response. Frequency pattern data

was presented in [7] and also provides results that
enabling the

complement the transient data,
understanding of this spherical antenna.
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Figure 3. The characteristics of the spherical
antenna in the frequency domain
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Figure 4. The characteristics of spherical antenna
in the time domain

B. DISC ANTENNA

The planar form of the spherical antenna is a circular
disc antenna shown in Fig. 5, as discussed in [8].



Dg=1.1"
Figure 5. The disc antenna.

Not surprisingly, the bandwidth and phase response
are similar to the spherical antenna. The non-linear
phase region after 11 GHz, depicted in Fig. 6(b),
represents measurement error caused by cable loss.
However, this phase response has little effect on the
impulse response since the high frequency components
decay very fast.
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Figure 6. The characteristics of disc antenna in the
frequency domain

The penalty of changing the sphere to a disc is
shown in Fig. 7(b). The received peak value along the
tapered slot direction has a smaller peak value than the
value at broadside. The difference is about 25%. This
antenna still has an acceptable omni-directional pattern
in azimuth.
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Figure 7. The characteristics of disc antenna in the
time domain

C. HALF-DISC ANTENNA

The last geometry for evaluation is obtained by cutting
the disc in half to obtain the half-disc antenna, shown in
Fig. 8. The low frequency limit of the band increases
slightly, but the phase response remains linear as shown
in Fig. 9.
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Figure 8. The half-disc antenna

The received peak amplitude is also deceased by
about 20% from the disc antenna as shown in Fig. 10.
This is not a large penalty for obtaining the substantial
shortening of the height to half of the original disc
antenna. The pulse durations and the received peak
amplitudes for all of the antennas are summarized in
Table 1.
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Figure 9. The characteristics of the half-disc antenna in
the frequency domain

IV. CONCLUSIONS

The spherical, disc, and half-disc antennas were
investigated with respect to pulse duration, peak
amplitude, and time-domain, omni-directional radiation
characteristics. The phase responses were quite linear
over the indoor/handheld UWB application frequency
range, and showed good omni-directional impulse
responses versus azimuth. These investigations indicate
the antennas are good candidates for UWB applications.
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Figure 10. The characteristics of half-disc antenna in

the time domain

Table 1. Summary of the time domain performance

Antenna Pulse[rll)sl]liation Rei?\llitcllvlfeak
Amplitude
Sphere 0.65 1.00
Disc 0.6 1.56
Half Disc 0.5 1.33

*to the level that the tail response decays to 15% of the
pulse peak
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