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Abstract- An ultra-wideband (UWB) self-complementary planar bow-tie
antenna (SCPBTA) is proposed. The antenna consists of a printed
conical horn-shaped (CHS) radiator and a counterpart CHS slot etched
on a rectangular ground plane. The printed CHS radiator is connected
directly to the 502 microstrip line by bending the end portion of the
feed line. As a result, the antenna has a simple structure which does not
require impedance matching networks. The antenna with a compact size
of 32x38x1.2 mm?® can cover UWB spectrum from 3.1 to 10.6 GHz. The
simulation time- and frequency-domain results obtained from HFSS
simulator package are verified by experimental measurements.
Measured results for the reflection coefficient, far-field radiation
patterns, radiation efficiency, gain, and group delay of the designed
antenna over the UWB spectrum are presented and discussed.
Measured data show good concordance with the numerical results. Also,
the fidelity factor is calculated in both E- and H-plane by using CST
Microwave Studio. The obtained results in both time- and frequency-
domain indicate that the proposed SCPBTA is a good option for most
practical UWB applications.

Index Terms- Bow-tie antenna, conical horn-shaped (CHS), impedance matching,
UWB, SCPBTA, self-complementary

I. INTRODUCTION

Nowadays, ultra-wideband (UWB) wireless communication technology has received widespread
concentration due to its great capacity, high data rates, low operating power level and low complexity.
The modern UWB wireless communication systems need miniaturized and wideband antennas with
high radiation efficiency. These mechanical and electromagnetic specifications have required the
development of novel antenna structures [1].

Over the past decade, to satisfy the UWB wireless communication technology requirements,
various configurations of printed antennas including planar monopole antennas [2-7], quasi-Yagi

antennas [8, 9], and printed dipole antennas [10, 11] have been reported. In addition, as a kind of
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printed antenna, the bow-tie antenna has become one of the main forms of wideband antennas. Bow-
tie structures presented in the literature can be given as slot [12], double-sided [13], self-
complementary [14], and self-grounded [15]. Various bowtie antennas fed by coaxial line [16],
coplanar waveguide [17] and stripline [18], were designed for many applications, such as ground
penetrating radar [19] and pulse antennas [20].

Printed bow-tie antennas have been greatly utilized in UWB communication and phased array
systems due to their wide operational bandwidths [21]. In the past few years, to satisfy the UWB
communication systems requirements, several researches on bow-tie antennas have been reported [22-
34]. In [22], a monolayer bow-tie slot antenna with triband operation was presented. An improved
bow-tie antenna with reduced metallization based on the phenomenon that the majority of the current
density was confined towards the edges of the patch was proposed in [23]. In [24], a directional
wideband self-grounded bow-tie antenna with a volume of 54x58x24 mm’can cover a bandwidth of
3—-15 GHz. A multiband Koch-like sided fractal bow-tie dipole antenna was reported in [25]. A low-
profile bow-tie antenna with multiband operation was presented for multistandard applications [26].
In [27], a microstrip balun fed wideband printed modified bow-tie antenna, consisting of rounded T-
shaped slot loaded bow arms was proposed. In [28], a directive bow-tie antenna with an impedance
bandwidth of 117% (0.85-3.25 GHz) for three-dimensional microwave imaging systems was
designed. In [29], a CPW-fed bow-tie slot antenna with a dual-band function was presented. It can
provide two operating bandwidths of 1450 MHz (about 32.8% centred at 4.43 GHz) and 3500 MHz
(about 37.8% centred at 9.25 GHz). A new bow-tie slot antenna was implemented in [30]. By
replacing a conventional narrow rectangular slot with a bow-tie shaped slot, unidirectional radiation
characteristics over a bandwidth of 1.03 GHz (9.4%) were obtained. In [31], a bow-tie antenna with
frequency-reconfigurable behaviour was presented. It can be adjusted to cover the frequency ranges of
2.2-2.53, 2.97-3.71, or 4.51-6 GHz with desirable radiation characteristics. Recently, a new
asymmetric coplanar waveguide (ACPW)-fed bow-tie antenna with different slot lengths was
presented [32]. By adjusting the length of one ACPW slot, a working frequency band of 2.76-8.1 GHz
was obtained. In [33], a fractal artificial magnetic conductor structure was designed as the ground
plane of a printed bow-tie antenna for gain enhancement and low profile. The antenna can cover a
bandwidth from 1.64 to 1.94 GHz. In [34], by using a pair of tilted bow-tie radiators fed through
substrate integrated waveguide feed-line, a millimetre-wave bow-tie antenna with an impedance
bandwidth of 57-64 GHz was designed.

It should be pointed out that the input impedance of the bow-tie antenna is 300 Q [35]. Therefore, to
feed this type of antenna, it is necessary to design an impedance matching network such as multi-
section stub with different widths and balun transformer for matching the bow-tie to the 50 Q
microstrip feed line. On the other hand, the matching section results in complexity in the antenna

geometry.
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To overcome the aforementioned problem and design a simple UWB antenna, a new self-
complementary planar bow-tie antenna (SCPBTA) is proposed in this work. The SCPBTA comprises
a printed conical horn-shaped (CHS) radiator and a counterpart CHS slot etched on a rectangular
ground plane. The printed CHS patch is connected directly to the 50Q microstrip line by bending the
end portion of the feed line. Consequently, the antenna has a simple structure which does not require
matching sections. The antenna has an overall size of 32x38x1.2 mm® while can provide a working
frequency band of 3.1-10.6 GHz (UWB spectrum). The simulation time- and frequency-domain
results obtained from HFSS simulator package were verified by experimental measurements.
Experimental outcomes show good concordance with the numerical outcomes. Compared to recent
designs reported in [29-32], the proposed antenna is easier in structure and fabrication while it
provides a wider bandwidth and smaller size. The experimental outcomes indicate that the SCPBTA is

a competent option for use in UWB communication or phased array systems.
II. ANTENNA DESIGN

The main goal of this research is to design a novel and simple model of bow-tie antenna which does
not require impedance matching network and it is extremely comfortable for connecting to 50Q
coaxial connector. To do this, the self-complementary antenna theory [36] is used. The novelty of the
proposed design lies in its simple configuration and simplicity to obtain the desired antenna
characteristics in both time- and frequency-domain. Fig. 1 illustrates the geometry and design
parameters of the proposed SCPBTA. The SCPBTA is printed on FR4 substrate of a permittivity of
4.4, a conductor loss (tan &) of 0.02, and dimensions of 32x38x1.2 mm® (length x widthx thickness) .
As it can be observed in Fig. 1, the proposed SCPBTA comprises a printed CHS radiator and a
counterpart CHS slot etched on the rectangular ground plane. The printed CHS patch is connected
directly to the 50Q microstrip line by bending the end portion of the feed line. Consequently, the
antenna has a simple structure which does not require matching sections. Notice that the proposed
design is extracted from the initial antenna structure presented in Fig. 2. The design of initial antenna
is the first stage in the design procedure, which comprises a common triangular-shaped radiator and a
counterpart triangular slot etched on the ground plane. The lower frequency of the working band (unit

in GHz) can be calculated approximately from the following formula [37]:

_ 7.2
)

Where Lp and Wr are length of triangular patch and width of bended portion of the fed line,
respectively (see Figs. 1 and 2). In fact, the above equation calculates the frequency for the triangular
monopole antenna which is the closer shape to the proposed SCPBTA [37]. In order to satisfy the
lower frequency of the UWB spectrum, 3.1 GHz, the values of Lp and Wr obtained from (1), are 13
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Fig. 1. Antenna geometry and design parameters.

Fig. 2. Initial antenna structure (the other geometrical parameters are as presented in Fig.1).

mm and 1.4 mm, respectively. The other geometrical parameters of the antenna were optimized using
Ansoft HFSS. Fig. 3 shows the corresponding simulated impedance matching curves of the initial
design and the proposed SCPBTA. It is seen that the initial design covers the frequency range of 3.8
to 7.2 GHz (defined by -10-dB reflection coefficient), while it has two resonance frequencies which
occur at 4.4 and 6.5 GHz, respectively. It is seen that the lower and higher band edge frequencies are
shifted from 3.8 to 3.1GHz and 7.2 to 10.6 GHz, respectively, which leads to an impedance
bandwidth from 3.1 to 10.6 GHz (UWB operation) for |Sii| < -10 dB. As shown in Fig. 3, the third
resonance frequency of the SCPBTA is occurred at 8.8 GHz. the optimal dimensions of the SCPBTA
are as follows: W =38 mm, L = 32 mm, Ws = 18.8 mm, Wf=2.2 mm, Lf = 14.4 mm, Lr = 3.2 mm,
Wg=0.7 mm, Wp = 9.4 mm, Rx = 6.65 mm, and Ry = 4.66 mm.

In order to more investigate the influence of the CHS radiator and the counterpart CHS slot on the

impedance characteristic of the antenna, the surface current distribution on the antenna radiator and
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Fig. 3. Numerical reflection coefficients of the initial and proposed antennas versus frequency.
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Fig. 4. Simulated Surface current distribution of the proposed antenna, (a) at 3.5 GHz, (b) at 9 GHz.

ground plane at 3.5 and 9 GHz is presented in Fig. 4. As shown in Fig. 4(a), the current distribution at
the first resonant frequency, 3.5 GHz, is concentrated on the CHS radiator, while at the third resonant
frequency, 9 GHz, current distribution is mainly concentrated around the counterpart CHS slot (see
Fig. 4(b)). This means the CHS radiator and the counterpart CHS slot affect impedance characteristic
at low and high frequencies, respectively.

Numerical Parametric analysis was performed to understand the influence of the antenna physical
dimensions on the impedance bandwidth. Through numerous simulations, it was found that the main
geometrical parameters Wr, Lr, and the ellipticity ratio (Ry/Rx) considerably affect the antenna
reflection coefficient. The criterion for selecting these parameters is to cover UWB spectrum from 3.1
to 10.6 GHz. The influence of Wr and Lr, on the antenna impedance characteristic is depicted in Fig.
5 (highlighted with the green loops) while the other physical dimensions are unchanged. It is seen in
Fig. 5 (a) that by increasing Wr from 0.6 to 2.2 mm, the lower frequency of the bandwidth changes

from 3.3 to 3 GHz which is compatible with (1). However, the antenna reflection coefficient increases
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Fig. 5. Influence of Wr and Lr on the impedance bandwidth of the antenna, (a) Wr, (b) Lr.
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Fig. 6. Influence of Ry/Rx on the impedance bandwidth of the antenna.

in 4-6 GHz frequency range. As shown in this figure, the selected value of Wr=1.4 mm leads to UWB
characteristic for the antenna. The influence of Lr on the impedance bandwidth is presented in Fig.
5(b). As depicted in this figure, by increasing Lr from 2.4 to 4.0 mm, the antenna reflection
coefficient improves in 4-6 GHz frequency range, while the higher band edge frequency closes to the
lower band edge frequency which leads to a narrower impedance bandwidth. Also, the impedance
bandwidth of the antenna can be controlled by the radii of elliptical sections, Rx, Ry. Fig. 6 illustrates
the influence of the ellipticity ratio, (Ry/Rx), on the antenna impedance bandwidth. In this case, the
other physical dimensions of the antenna are unchanged and Rx is fixed at 6.65 mm. As it can be
observed, for Ry/Rx=0.5, the antenna provides a bandwidth form 3.3 to 11.3 GHz, while for
Ry/Rx=0.9 the antenna reflection coefficient increases at the frequencies about 4.6 GHz. Fig. 6 shows
that selecting the optimal value of Ry/Rx=0.7 (Rx=6.65 mm, Ry=4.66 mm) leads to UWB operation.
The optimal value of Ry/Rx=0.7 is obtained by optimization process via Ansoft HFSS.



Journal of Communication Engineering, Vol. 8, No. 1, January-June 2019 26

Fig. 7. Fabricated SCPBTA (left: bottom, right: top).
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Fig. 8. Numerical and experimental reflection coefficients versus frequency.

III. SIMULATED AND MEASURED RESULTS

In order to validate the numerical outcomes obtained by Ansoft HFSS, the designed SCPBTA was
constructed and tested. The fabricated antenna is shown in Fig. 7. In the following, the experimental

outcomes are given, discussed, and compared with the numerical results.
A.  Frequency-domain results

Fig. 8 presents the comparison of experimental and numerical reflection coefficients of the
SCPBTA. The slight difference between the experimental result and numerical data is due to
measurement errors and test equipment. Both measured and simulated outcomes indicate that the
SCPBTA features desirable impedance matching over the whole UWB spectrum, from 3.1 to 10.6

GHz. However, to determine the overall bandwidth of the antenna, other radiation parameters of the
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Fig. 9. Experimental and numerical co-and cross-polar far-field patterns of the SCPBTA (left: H- plane, right: E- plane), (a)
at 4 GHz, (b) at 7 GHz, (c) at 10 GHz.

antenna such as far-field patterns, radiation efficiency, and gain must also be carefully examined over
the entire frequency band [38].The radiation patterns were measured at different frequencies. For
brevity, the numerical and experimental H (x-z)-and E (x-y)-plane patterns at only 4, 7, and 10 GHz
are compared in Fig. 9. A good concordance between the numerical and experimental outcomes is
seen. It is observed that the SCPBTA provides nearly omnidirectional patterns specifically in the H-

plane. As
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Fig. 10. Numerical and experimental radiation parameters of the SCPBTA versus frequency, (a) gain,
(b) radiation efficiency.

shown in this figure, the magnitude of cross-polarized component is acceptable over the entire
frequency band.

Fig. 10 plots the experimental and numerical gain and radiation efficiency of the proposed
SCPBTA versus frequency. Fig. 10 (a) illustrates that the measured gain has an average value of 2.18
dBi. Based on the measured result, the maximum value of the antenna gain is 3.45 dBi which occurs
at 9 GHz. Also, the gain variation is less than 3.2 dBi over the UWB spectrum. Notice that the
measured gain of the SCPBTA is moderate at the desired frequency range respecting the compact size
and omnidirectional behaviour of the antenna. Besides, as shown in Fig. 10 (b), the fabricated antenna
can provide desirable radiation efficiency of greater than 84% over the frequency range of 3-10 GHz.
The antenna radiation efficiency is also desirable considering the FR4 substrate with loss tangent of
0.02. The antenna radiation efficiency was computed based on the measured data using the following

equation.

G

a—IrPD @)

radiation efficiency =
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Fig. 11. Experimental and numerical group delay outcomes for the SCPBTA versus frequency.

where G, D, and Tare gain, directivity, and the reflection coefficient of the antenna, respectively [39].

Notice that, directivity and gain were measured in the direction of maximum radiation.

B. Time-domain results

To analyse the time-domain characteristic of the designed SCPBTA, group delay and fidelity factor
parameters are investigated. These time-domain characteristics determine the signal distortion which
an antenna adds to its input signal. Notice that the signal distortion reduces signal-to-noise ratio and
increases bit error rate in communication systems. In a wideband communication system, the group
delay is one of the important characteristics. This parameter can cause pulse distortion, and
consequently signal to noise or bit error degradation. In order to provide desirable time-domain
behaviour, constant group delay is required over the entire working band. Fig. 11 presents the
experimental and numerical group delay curves of the SCPBTA for face-to-face case. To investigate
the group delay, the distance between the receiving and transmitting antennas was selected as 500
mm. As shown in Fig. 11, the total variation of the measured group delay is limited to less than 1.7 ns
over the whole working band. The results indicate that the fabricated SCPBTA has an acceptable time
domain characteristic. Although not shown, similar results for side-by-side configuration were
obtained. As shown in Fig. 11, the peaks of the group delay are occurred at 3.8 GHz and 6.2 GHz
which are related to the first and second resonant frequencies of the antenna (3.8 GHz and 6.2 GHz) at
Fig. 8. The difference between the peaks of the simulated and measured curves is due to the
measurement errors and test equipment.

To obtain the real-time response of the antenna, two antennas were put face-to-face at a distance of
500 mm between them. An UWB pulse synthesized in the vector network analyzer to cover the band
3.1-10.6 GHz was transmitted from the first antenna, and the received pulse by the second antenna
was measured. The result is shown in Fig. 12 (a real-time photograph), where amplitudes of the

transmitted and received pulses were normalized to have a peak equal to 1. It is clear from Fig. 12
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that the antenna is efficient in the UWB pulse operation where the received pulse has a low distortion.
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Fig. 12. Time-domain response of the antenna.

Table 1. Calculated fidelity factor of the antenna

Angle fidelity factor
(degrees)
E-plane H-plane
0 0.89 0.90
15 0.87 0.89
30 0.88 0.91
45 0.85 0.87
60 0.84 0.85
75 0.82 0.82
90 0.80 0.81

The fidelity factor is generally preferred as a time domain performance parameter. In the last step
of this work, fidelity factor is calculated by using CST Microwave Studio. By utilizing the approach
presented in [40], the input pulse is delivered to the antenna, and the electric component in the far-
field region is received via seven virtual probes. The distance between the transmitting antenna and
the probes maintains at 500 mm. The fidelity factor is calculated in both E- and H-plane. In each
plane, seven probes are located with the angle equal to 0°, 15°, 30°, 45°, 60°, 75°, and 90°,
respectively. The calculated fidelity factor for both planes is presented in Table I. As it can be
observed, the fidelity factor in both planes is more than 0.8, making the antenna suitable for most
practical UWB applications.

Compared to recent designs reported in [29-32], the proposed antenna features broader overall
bandwidth and smaller size, simultaneously, while it is easier in structure and fabrication. The
operating frequency ranges of the antennas presented in [29-32] are 0.85-3.25 GHz, 9.7-10.7 GHz,
4.51-6 GHz, and 2.76-8.1 GHz, respectively. However, the designed antenna can cover UWB
spectrum from 3.1 to 10.6 GHz. It should be noted than the time-domain characteristics of the bow-tie
antennas in [29-32], were not presented and discussed. The experimental results in time as well as

frequency domain prove that the SCPBTA is an excellent option for UWB wireless systems and

phased array applications.
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IV. CONCLUSION

Based on the self-complementary antenna theory, a new and simple SCPBTA for UWB applications
has been presented. The antenna consists of a printed CHS radiator and a counterpart CHS slot etched
on the ground plane. The printed CHS patch is connected directly to the 50Q microstrip line by
bending the end portion of the feed line. Consequently, the antenna has a simple structure which does
not need impedance transformer sections. The antenna has a total size of 32x38%1.2 mm® and covers
UWB spectrum from 3.1 to 10.6 GHz. The experimental and numerical performance parameters of
the designed SCPBTA in both time- and frequency-domain have been presented and discussed.
Compared to a number of recent designs reported in open literature, the proposed antenna is easier in
structure and fabrication while it provides a wider bandwidth and smaller size. The measured
outcomes show that the SCPBTA is a competent option for use in UWB communication or phased

array systems.
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