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Abstract

In this paper, we propose a novel bowtie antenna using leaf-
shaped radiating elements for UIVE applications. This antenna
has unidirectional radiation patterns over the frequency range
of 3.0 to 10.5 GHz. The actual gain in the maximum radiation
direction is above 5 dBi in the UWB frequency band. From
the evaluation of cross-correlation between source pulse and
received pulse waveforms, it is observed that the waveform
distortion caused by this antenna is relatively small.

1. INTRODUCTION

Ultra-wideband (UWB) communication systems have attracted
considerable attention in recent years. In impulse-based UWB
communications, if correlation detection is used as the de-
modulation scheme, waveform distortions of transmitted and
received pulses caused by antennas induce degradations of
the communication performance[l]. In order to avoid these
degradations. it is necessary that radiation characteristics of
the antenna be constant over the wide frequency range.

Since the FCC announced that it would allow the unlicensed
use of the bandwidth of 3.1 to 10.6 GHz[2], many UWB
antennas have been studied[3]-[7]. Schantz proposed various
new designs such as magnetic slot antennas|[3] and planar
elliptical dipole antennas[4]. Chen et al. investigated the char-
acteristics of a few types of square dipole antennas|5] and also
proposed the bi—arm rolled monopole[6]. The authors have
recently proposed an omnidirectional UWB printed dipole
antenna|7]. The antenna is similar to a bowtic antenna. The
radiating element of the antenna is leaf-shaped. The radiation
patterns of the antenna are omnidirectional in 3.0-10.5 GHz.
The waveform distortion caused by the antenna is very small.

All these antennas have omnidirectional radiation patterns
and the gains of these antennas are relatively low, about 0—
3 dBi. When these omnidirectional antennas were attached
to walls or metals, it is suspected that the antenna perfor-
mances can be degraded due to the omnidirectionality. In
order to avoid the degradation of the antenna performance.
we considered placing a flat reflector behind the leaf-shaped
bowtie antenna. In addition. high gain UWB antenna permits
us to realize higher speed communication and to reduce power
consumption.
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Fig. 1: Antenna Geometry and parameters when using the tapered microstrip
line feed.

One of the most important topics in UWB antennas is the
waveform distortion caused by antennas. There are a few
works on the evaluation of the waveform distortion in terms
of cross-correlation[8]. [9]. In this paper. we proposed a novel
UWB antenna and verified the validity of the proposed antenna
by evaluating the waveform distortions.

In Section 2, we describe the antenna configuration of the
proposed antenna. The antenna characteristics are investigated
by comparing the experimental results with the FDTD results.
Then, the results and discussion are described in Section 3.
Finally, the conclusions of this work are given in Section 4.

2. ANTENNA CONFIGURATION

Antennas for UWB applications are required to have constant
input impedance over the wide frequency range. The principle
of self-complementarity[10] is a method for realizing constant
impedance characteristics. Hence, we design the radiation



TABLE 1: ANTENNA PARAMETERS.

Wier[mm] Lyeflmm] | f[mm] Er tand
100 100 0.762 2.17 | 0.0009
R [mm] o L.lmm| | dlmm] | ¢{[mm]
7.1 a0~ 12 9 0.5
Win[mm] | Wy[mm] | Le[mm] | Wo[mm] | L.[mm]
2.4 12 50 0.2 02

elements of the printed dipole antennas based on the theory of
self-complementarity. The ideal self-complementary antenna
presupposes an infinite structure. Therefore, we need to trun-
cate the infinite structure for designing practical radiating ele-
ments. As long as self-complementarity is maintained around
the feeding point of the radiating elements, various kinds of
shapes can be adopted for the truncated part of the radiating
element.

In this paper, leaf-shaped elements are employed as shown
in Fig. 1. Two leaf-shaped radiating elements are arranged
on upper and lower surfaces of a dielectric substrate with
thickness A = 0.762 mm. diclectric constant =, = 2.17.
and tand 0.0009@10 GHz. For simplicity, the reflector
size Wier and L,or are both set to 100 mm and the substrate
size is equal to the reflector size. The leaf shape is designed
by rounding the corner of the square shape. and then the
curvature radius of the rounded comer F. is set to 7.1 mm. The
clement size L. is set to 12 mm. These values are optimized
for operating in the UWB band|7]. The separation d between
the antenna and the reflector is set to 9 mm because the widest
gain bandwidth was obtained at d = 9 mm. The leaf-shaped
radiating elements are excited by a 50 mm tapered microstrip
line. The width L. of the feeding line at the center is set to
0.2 mm because the input impedance at the center of both
radiating elements, which is calculated by using FDTD delta-
gap feeding model, is about 150 €. This value is close to the
input impedance of the sclf-complementary planar structure
(1207 /2). The width W, of the feeding line at the input port
is 2.4 mm for connecting to a 50 2 SMA connector. A copper
plate having a thickness of 0.5 mm is used as a reflector. The
remaining parameters of the proposed antenna is shown in
Table 1.

3. SIMULATION AND EXPERIMENTAL RESULTS
A. Reflection, Actual Gain, and Radiation Patterns

The frequency responses of the measured and calculated
reflection coefficients (5;,) are illustrated in Fig.2. In order
to evaluate the effect of the reflector on the input reflection,
the reflection of the antenna without the reflector is also shown
in the figure. As can be seen from this figure, the measured and
calculated results are in good agreement. With the reflector,
input reflection increases by about 4 dB in the frequency range
less than 10 GHz.

The actual gain in the y direction as a function of frequency
are plotted in Fig.3. To examine the effect of the feed line,
the gain of the antenna using a delta-gap voltage source
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Fig. 2: Frequency response of the reflection coefficients.

is shown in the figure. The measured results coincide with
the calculated results. The —3dB relative bandwidth of the
measured gain is 80.3%. It is a reduction of 20.7% from
the results of the delta-gap feed model. The reason for the
decreasing bandwidth is due to the gain drops around 4 and
10 GHz. The delta-gap feed model has less than —30 dBi
cross-polarization level in all frequency range. However, in
the case of the tapered microstrip-line feed model, it was
verified by measured and calculated results that the cross-
polarization level around 4 GHz is higher than the level in
other frequencies. Accordingly, the tapered microstrip-line acts
as an antenna and does not transmit the power to the leaf-
shaped radiating clements. The drop at around 10 GHz may
be due to the increase of the reflection. The maximum gain is
8.2 dBi at 7.28 GHz in the measured results.

The radiation patterns in the azimuthal plane (xzy planc)
and the elevation plane (y= plane) are measured. Some of
these results are shown in Figs.4 and 5. Although the pattern
shape 1s a little disturbed at 10.5 GHz, unidirectional radiation
patterns with small frequency dependence are obtained from
3.0 to 10.5 GHz In the azimuthal plane, the half power
beam width (HPBW) is 68°, 93°, 102°, 122°, and 129° in
ascending order by the frequency (except 10.5 GHz). In the
clevation plane, the HPBW is 49°, 57°, 58°, 58°, and 55°,
respectively. Consequently, the beam width in the elevation
plane is narrower than that in the azimuthal plane.

B. Transmission Characteristics

In order to investigate the transmission characteristics of
the proposed antenna, the measurements of the transmission
loss and group delay characteristics were conducted. We
investigated the transmitting and receiving system using a
pair of the proposed antennas, which are arranged with a
separation of d = 1 m. To clarify variations of the trans-
mission characteristics due to changing azimuthal angle. the
measurements were performed at every 5° from ¢, = 0°
to 355° (¢ is the direction of the receiving antenna). The
direction of the transmitting antenna is fixed at the maximum
radiation direction (¢, = 90°). For comparison purposes, the
measurements of the microstrip line (MSL) thin dipole antenna
with reflector were also performed.
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Fig. 3: Frequency response of the actual gain for the tapered microstrip line
feed model and delta-gap feed model.
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Fig, 4: Radiation patterns in xy plane at the frequency of 3.0, 4.5, 6.0, 7.5,
9.0} and 10.5 GHz
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Fig. 5: Radiation patterns in yz plane at the frequency of 3.0, 4.5, 6.0, 7.5,
9.0 and 10.5 GHz.

The measured transmission loss and group delay at ¢, =
¢ix — 90° are plotted in Figs.6 and 7, respectively. In the
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Fig. 6: Transmission loss for the proposed antenna and the MSL thin dipole
antenna at ¢, = 907, by, = 907,
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Group delay for the proposed antenna and the MSL thin dipole
90°, gy = 80°.

case of the proposed antenna, the transmission loss is from
—40 up to —33 dB at frequencies of 3—10 GHz. It is observed
that the variation in the transmission loss with the frequency is
small. For the MSL thin dipole antenna, there is a peak about
—30 dB at 3.58 GHz This is because the MSL thin dipole
antenna behaves as a A/2 dipole antenna at this frequency
and good impedance matching is realized.

The group delay of the proposed antenna is within a band
of 4.0-4.3 ns over the frequency range of 3.0 to 10.5 GHz.
On the other hand, although the group delay of the MSL thin
dipole is within a band of 4.0-4.3 ns in 4.0-10.5 GHz, the
peak value of about 4.7 ns is observed at 3.58 GHz in the
same way as the transmission loss. As a result, the group delay
of the proposed antenna has less frequency variation than that
of the MSL thin dipole antenna. Therefore, it is expected that
the waveform distortion caused by the proposed antenna is
smaller than that caused by the MSL thin dipole antenna.

C. Waveform Distortions

For evaluating waveform distortions caused by the antenna, we
need to examine the degree of similarity between source pulse
and received pulse waveforms. The degree of similarity be-
tween both waveforms can be evaluated in terms of the cross-
correlation coefficient between source and received pulses.
The cross-correlation coefficient (C'Cyy,,.) can be expressed
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as follows:

)
CCyne = / S(t) - P(t + Toyne)dit 4}
J oo
where Tyne is synchronization time, #(¢) is the normalized
received pulse, and $(1) is the normalized source pulse. Note
that the source pulse and received pulse were assumed to be
synchronized in this calculation. The received pulse and the
source pulse in the normalized forms are defined as:

) (t) r(t)

) = oL = @
VE- )2t

8(t) = \S/ii -0 ®)

I s(t)2at

where r(t) is the received pulse. s(¢) is the source pulse. F,
is the total energy of the received pulse, and F, is the total
energy of the source pulse. The received pulse »(¢) is also
calculated as:

o0
r(t) = /7 h(7) - s(t —7)dr )

where h(7) is the impulse response of the propagation chan-
ncl, which includes the cffects of transmitted and received
antennas. h(7) is obtained by calculating the inverse fourier
transformation of the transmission characteristics measured in
the previous section. By substituting (2), (3). and (4) into (1)
the cross-correlation coefficient (C'Cly,, ) can be obtained.

We employved a modulated cosine roll-off pulse[12] as a
source pulse s(t), which is defined as:

(1) — sin{wBt) cos(arBt)

W= =B T-(2aBl?
where « is the roll-off factor, B is the pulse bandwidth, and
fo 1s the frequency of the modulating wave. In this report,
we select the values of « 025 B 7.5 GHz, and
fo = 6.85 GHz. The time—domain waveform and the power
spectrum density (PSD) of the source pulse is shown in Fig.8.
The maximum value of the time—domain waveform and the
PSD is normalized to 1.0 and 0 dB, respectively. It can be
seen from the figure that the PSD of the source pulse covers
the UWB band approved by FCC|2].

Calculated correlation coefficients and received energies are
shown in Fig.9. In the evaluation, the total energy of the source
pulse is normalized to 1 J (I, = 1 J)* For the comparison,
the results for the antenna without the reflector are also shown
in this figure. The proposed antenna has high correlation
coefficients of 0.70-0.89 in the range of ¢, = —30° to
& = 210°, while the correlation coefficients of the antenna
without the reflector range from 0.83 to 0.98. The correlation
coefficient at the maximum radiation direction (¢, = 907)
deteriorates from 0.96 to 0.72. On the other hand. the corre-
lation coefficients of the MSL thin dipole antenna range from
0.39-0.67. Therefore, the waveform distortion caused by the
MSL thin dipole antenna is bigger than that caused by the
proposed one. The maximum received energy of the proposed

- cos( 27 f.t) (5)
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Fig, 8: (a) Time-domain waveform and (b) power spectrum density of the
source pulse. The source pulse is a modulated cosine roll-off pulse with
parameters f. —=6.85 GHz. B =7.5 GHz, and o =0.25.
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Fig. 9: Correlation coefficient and received energy in azimuthal plane.

antenna is 21.6 pJ, whereas the maximum received energy of
the no-reflector antenna is 2.0 pJ. Accordingly, the maximum
received energy is improved by 10.2 dB with the use of the
reflector.

Fig. 10 shows the time-domain waveform of the source and
received pulses at ¢, = 90°. Note that the received and source
pulses are synchronized. For the received pulse of the MSL
thin dipole antenna, the obvious ringing is observed at the tail
of the waveform. On the other hand, the ringing is very small
in the proposed antenna.

4. CONCLUSION
In this paper, we have proposed a novel bowtic antenna

using leaf-shaped radiating elements for UWB applications.
The antenna characteristics are investigated by FDTD analysis
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Fig. 10: Time-domain waveform of the source and received pulses.

and measurements. The proposed antenna has the actual gain
of 5.0 to 7.2 dBi at the maximum radiation direction over
the frequency bandwidth of 4.2 to 10.4 GHz. The radiation
patterns are unidirectional and the frequency dependence of
the radiation patterns is small in the whole UWB band. In
addition, from the measured results of transmission character-
istics, the fluctuations in transmission loss and group delay
of the proposed antenna are smaller than those of the MSL
thin dipole antenna. The correlation coefficient, which is a
measure of the degree of the waveform distortions, is between
0.70 and 0.89. Therefore, the waveform distortion caused
by this antenna is small. The maximum received energy is
improved by 10.2 dB with the use of the reflector. From these
results, it is confirmed that the proposed antenna is useful for
impulse-based UWB communication systems using correlation
detection.
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