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A printed modified bow-tie dipole antenna which consists of asymmetric-feed and inserted slots is presented to apply to the DVB
andWLAN systems.This antenna combines omnidirectional radiation pattern, broad bandwidth, and band rejection in an easyway
to fabricate. Experimental results of the constructed prototype indicate that the VSWR 2.5 : 1 bandwidths achieve 166.7%, 28.57%,
and 23.63% at 660MHz, 2450MHz, and 5500MHz, respectively.

1. Introduction

An increasingly popular paradigm for wireless communica-
tions considers clusters of cooperating networks, which offer
the user seamless access through a range of technologies
such as digital video broadcasting (DVB, UHF band: 470–
862MHz) and wireless local area network (WLAN, ISM
bands: 2.4–2.4835GHz and 5.15–5.825GHz) [1]. The inter-
working wireless technologies, such as WLAN with DVB
networks, provide the user with a return link for interactive
TV and high bandwidth asymmetric downlink for data
transfer to terminals operating in the heterogeneous roaming
environment. Therefore, the desired antenna design must be
able to cover both DVB and WLAN systems at the same
time and to include dual-band/broad bandwidth, simple
impedance matching to the feed line, and low profile. The
bow-tie dipole antenna has become the main candidate for
the above application since its bandwidth performances are
reasonably better than other alternatives [2]. However, it is
difficult for the traditional printed bow-tie dipole antenna
to meet multiband operation for respective communication
systems. The solution is to design a dual- or multiband
integrated antenna for wireless product applications. For this
purpose, in this paper, we introduce a printed modified bow-
tie dipole antenna which combines band-rejection slots and
asymmetric-feed structure to yield three operating bands

[3]. The printed modified bow-tie dipole arms adjustable in
position will yield an asymmetrical structure.The impedance
matching is obtained through tuning the shifted distance of
the arms [4].The band rejection is obtained by inserting some
slots in the dipole arms [5–9]. Details of the specification
of the proposed designs and the experimental results of
constructed prototype are presented and discussed in the
following sections.

2. Antenna Structure and Design

Figure 1 shows the proposed asymmetric modified bow-
tie dipole antenna for DVB and WLAN applications. The
presented antenna structure is composed of a modified bow-
tie dipole radiating element section of length L, width W,
flare angle 𝜃, and shifted distance D, which is printed on a
1.6mm thick FR4 glass epoxy substrate (the relative permit-
tivity is 4.3). The fundamental resonant mode of modified
bow-tie dipole is designed to occur at about 660MHz (the
center frequency of the lower operating band: 470–862MHz).
Thedipole length andwidth can be determined from the half-
and quarter-wave lengths of the resonant frequencies. Note
that the flare angle of modified bow-tie dipole is a function of
operating bandwidth. In general, the bandwidth of the lower
operating band increases with an increase in the flare angle.
By determining appropriate dimensions (L, W, D, and 𝜃)
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Figure 1: (a) Geometry of the original antenna. (b) Geometry of the proposed antenna. (c) Implemented prototype of the proposed antenna.
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Figure 2: (a)MeasuredVSWR against frequency of the original and proposed antenna. (b)Measured and simulated VSWR against frequency
of the proposed antenna.

of the antenna structure, good impedance matching of the
printed modified bow-tie dipole can be obtained across
an extended bandwidth. A parallel-strip feed excites the
modified bow-tie dipole arms with shifted distance D to be
of asymmetric structure as shown in Figure 1(a), denoted as
the original antenna. The shape of the original antenna is
designed for wideband operation. For fitting in with a 50Ω

feed system and to obtain an extended bandwidth, the shifted
distance D should be 𝜆/20 [4]. The band rejection of the
dipole structure is obtained by inserting some slots in the
dipole arms. Note that the size and number of the slots are
not identical. The impedance matching at UHF band (470–
862MHz) and dual ISM band (2.4GHz and 5.8GHz) can be
tuned by adjusting the size of the slots on the dipole arms.
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Figure 3: Simulated current density versus frequency on the modified bow-tie dipole arms.

3. Experimental Results and Discussion

In the experiment, the parallel-strip feed of the proposed
antenna is connected to a 50Ω SMA connector. By using
the described design procedure, the original antenna is
constructed to operate the VSWR ≤2.5 in the range of
450MHz to 6GHz, as shown in Figure 2(a), with modified
bow-tie dipole-arm’s size: length 𝐿 = 22.6 cm, width 𝑊 =
13.6 cm, flare angle 𝜃 = 120∘, and shifted distance 𝐷 =
2.1 cm [4]. Based on the experimental studies, the effects
of key parameters (e.g., slots location, slots sizes, and slots

numbers) are tested and optimized. In this paper, there
are three same size insertion slots on the dipole arms. The
slots are located at quarter-wave length of the undesired
frequencies from the feed point (i.e., about 78mm, 65mm,
and 57mm, resp., at 960MHz, 1150MHz, and 1300MHz).
The optimal length (𝑠) and width (𝑡) of the slots are 20mm
and 5mm, respectively. Figure 2(a) also shows the VSWR
plot of the multiband antenna as a result of this design.
Figure 2(b) shows the measured and simulated VSWR plot
of the proposed antenna and the VSWR ≤2.5 bandwidths
are 1100MHz (166.71%), 700MHz (28.57%), and 1300MHz
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Figure 4:Measured radiation patterns for the proposed antenna (-×- copolar.—cross-polar.). (a) 660MHz, (b) 2450MHz, and (c) 5500MHz.

(23.63%) at 660MHz, 2450MHz, and 5500MHz, whichmeet
the required bandwidths of the DVB and WLAN systems.
The simulated results are obtained by using the Ansoft
HFSS. We can also find that a good agreement between the
simulation and the measurement is obtained. The simulation
results of the current density on the proposed antenna are
shown in Figure 3. Because the impedance mismatching at
960MHz, 1300MHz, and 3900MHz results in the surface
current density being lower than 660MHz, 2450MHz, and
5500MHz, the slots are located at quarter-wave length of the
undesired frequencies from the feed point that has also been
verified.

Figure 4 presents themeasured radiation patterns for free
space in the 𝑦𝑧-plane (E-plane) and the 𝑧𝑥-plane (H-plane).

The maximum gains in the E-plane and H-plane are 0.13 dBi,
1.27 dBi, and 1.04 dBi and 0.09 dBi, 0.04 dBi, and 0.11 dBi,
respectively, at 660MHz, 2450MHz, and 5500MHz.The gain
response with frequency is shown in Figure 5, indicating that
the effect of band rejection is remarkable. Table 1 shows the
measured antenna gains and 3D pattern efficiency within
the operating bands of the proposed antenna. Stable radia-
tion patterns are observed. The total 3D pattern efficiency
is defined as (gain/directivity) × 100%, which was done
by using pattern integration employing the ETS-Lindgren
anechoic chamber. Acceptable radiation characteristic for the
practical applications is obtained for the proposed antenna.
The omni-directional feature of the proposed antenna can
also be observed from the horizontal plane. The operating
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Table 1: The measured antenna gains within the operating bandwidth of the proposed antenna.

Frequency (MHz) H-plane (zx-plane) E-plane (yz-plane) 3D pattern
Max. gain Avg. gain Max. gain Efficiency (%)

470 −2.37 −4.43 0.19 51.22
660 0.09 −3.77 0.13 56.56
860 0.91 −3.03 0.94 58.71
2400 0.06 −3.76 0.43 66.45
2450 0.04 −3.61 1.27 65.52
2500 0.06 −3.15 1.43 68.72
5150 1.01 −2.76 0.93 69.71
5500 0.11 −3.31 1.04 71.23
5850 1.09 −3.05 1.76 70.52
Max.: maximum and Avg: average.
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Figure 5: Measured antenna gain versus frequency.

bandwidth of the proposed antenna with usable broadside
radiation patterns is consistent with the specification of DVB
and WLAN systems.

The effect on the antenna performance by varying the
insertion-slot numbers and dimensions has been studied, and
the results are described below. The structure of insertion
slot is a rectangular slot, as shown in Figure 1(b). The
corresponding characteristics of resonant frequency, input
impedance, and bandwidth are a function of the geometrical
parameters of the insertion-slot structure. The experimental
results of varying insertion-slot numbers and sizes were
obtained by measurement, as shown in Figure 6. According
to the above analyses, it is obvious that the inserted slots
are used for the band rejection. Figure 6(a) shows impedance
characteristics with various numbers of inserted slots, which
control the operating bands. Measurement results show that
by inserting three slots, the desired operating bands can be
obtained. In the UHF band, an increase in the insertion-
slot length (𝑠) leads to an increase in impedance bandwidth.
Contrarily, the insertion-slot length (𝑠) has a negative effect
on impedance bandwidth in the dual-ISMband; themeasure-
ment results are shown in the Figure 6(b). On the other hand,
an increase in the insertion-slot width (𝑡) leads to a decrease
in impedance bandwidth in the UHF band, while in the dual-
ISM band, there is a positive relation between insertion-slot
width (𝑡) and impedance bandwidth, as shown in Figure 6(c).
The optimal slot sizes of length (𝑠) and width (𝑡) are 20mm

and 5mm, which will provide the appropriate operating band
for DVB and WLAN system applications.

4. Conclusion

It has been demonstrated that a printed modified bow-tie
dipole provides multiband operation. By correctly choosing
the width of the slots, three bandwidths, defined for a VSWR
lower than 2.5, achieving 166.71%, 28.57%, and 23.63%,
respectively, at 660MHz, 2450MHz, and 5500MHz, can be
obtained. The contribution of this paper is to implement
a simple and easy fabrication antenna for practical DVB
and WLAN applications. The locations of the inserted slots
on the dipole arms have been confirmed. The slots are
located at quarter-wave length of the undesired frequencies
from the feed point. Measurement results show that the
structure indeed offers broad bandwidth and band rejection
characteristics. Although this antenna was designed for DVB
and dual ISM-band applications, its design concept can be
extended to other frequency bands of interest.
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