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Abstract—In this research work, a planar crossed exponentially tapered slot antenna with a multi-
resonance function is introduced. The presented antenna design is ascertained on a low-cost Rogers 5870
dielectric with a circular schematic. The antenna is designed to support several frequency spectrums
of the current and future wireless communications. The configuration of the design contains a pair of
crossed exponentially tapered slots intersected by a star-shaped slot in the back layer and a bowtie-
shaped radiation stub with a discrete feeding point extended among the stub parts. The crossed
exponential slots exhibit a wide impedance, and the star slot generates an extra resonance at the upper
frequencies. For S11 ≤ −6, the antenna provides a wide operation band of 1.7 to 5.9 GHz supporting
several frequency bands of 3G, 4G, and 5G communication. The fundamental characteristics of the
proposed slot radiator are studied, and good performances have been achieved.

1. INTRODUCTION

With the rapid development of wireless networks, study and searching for multifunction devices is
growing and getting more attention [1–4]. Due to the wide range of wireless applications and a variety of
functions, more and more frequency bands are needed to meet these requirements [5–8]. This requires a
type of antennas with multi-bands and resonant frequencies and sufficient impedance bandwidth besides
high radiation performance [9–13]. Multi-band/multi-resonance antennas have been playing a critical
role in modern wireless communication systems since they can support several frequency spectrums for
various applications such as up fifth-generation (5G) wireless networks [14–16]. However, 5G is not going
to replace 4G, at least not in a short term. Therefore, antenna systems with the capability of supporting
not only the required 5G spectrum but also the previous generations are highly demanded [17–19].

In this paper, we introduce a multi-resonance antenna design with a wide spectrum for supporting
3G, 4G, and 5G bands. The designed antenna can support 1900 MHz personal communications
service (PCS) of 3G communication, 2.1, 2.3, and 2.5 GHz of 4G networks and different bands of
5G. For the sub-6GHz spectrum of the upcoming 5G technology, various operation bands including
LTE band-42 (3.5 GHz), band-43 (3.7 GHz), band-44 (4 GHz), and band-46 (5.5 GHz) are considered as
candidate frequency bands [20–24]. In addition, due to the available RF circuit and test equipment,
2.6 GHz 4G LTE can be considered as a default for future mobile networks and has received many
interests recently [25]. Besides, in order to further support more potential sub-6GHz spectrums, LTE
band 46 (5.5 GHz), known as Worldwide interoperability for microwave access (WiMAX) operation
band, can be considered for 5G massive MIMO [26–28]. The configuration of the presented antenna
design is composed of two crossed exponentially tapered slots in the ground plane and a bowtie-shaped
radiation stub with a discrete feeding point extended among the stub parts. The antenna supports a
wide operation band at 1.8–4.3 GHz with an extra resonance at 5.5 GHz. However, for S11 ≤ −6, the
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antenna operation band is from 1.7 to 5.9 GHz. It exhibits good properties in terms of the fundamental
characteristics and could be used in future wireless communication networks.

2. ANTENNA DESIGN AND SCHEMATIC

The front and back views of the antenna configuration are depicted in Fig. 1. The antenna is
implemented in a 0.8 mm circular Rogers 5870 dielectric with loss tangent and dielectric constant of
0.0012 and 2.33, respectively. It is a printed planar slot-based antenna, with double-symmetry and
balanced con?guration. It contains two crossed exponentially tapered slots, intersected by a star-shaped
slot and a bowtie-shaped radiation stub placed at the center of the slots in the top layer. The crossed
exponential slots exhibit a wide impedance, and the star slot generates an extra resonance at the upper
frequencies. The geometry of the exponential slot is given by

w(l) = w0 exp(l/C0) (1)

where w is the slot width, and l is the slot longitudinal coordinate. w0 and C0 are the slot width
and exponential expansion parameters, respectively. Chopped replicas of two opposing petals of the
antenna are printed at the top-side of the substrate. The chopped edge of these petals is an arc of
the circumference which creates a bowtie-shaped radiation stub. The feeding point of the antenna
is extended among the stub pairs. The CST software is used to investigate the properties designed
antenna [29]. More details of design characteristics for this type of antennas can be found in [30, 31].
The values of the antenna design parameters (in mm) are as follows: W = 37.65, R = 30, L = 31.25,
W1 = 2.15, L1 = 2.7, W2 = 48.4, r = 13.5, x = 0.5.

(b)(a)

Figure 1. (a) Front and (b) back views of the designed antenna.

3. CHARACTERISTICS AND RADIATION BEHAVIOR OF THE ANTENNA

The motive behind the proposed antenna design is to achieve a broad impedance bandwidth with
multi-resonance function and capability of supporting several frequency bands. This has been obtained
by a new antenna design method called crossed exponentially tapered slot antennas. The return loss
characteristic of the antenna is shown in Fig. 2(a). As shown, the proposed antenna covers a wide
impedance bandwidth at the frequency range of 1.8–4.3 GHz with an extra resonance at 5.5 GHz.
Besides, as illustrated, for S11 ≤ −6, the antenna operation band is from 1.7 to 5.9 GHz supporting
1.9 GHz, 2.1 GHz, 2.3 GHz, and 2.5 GHz 4G bands, 2.6 GHz 4G LTE, 3.5 GHz, 3.7 GHz, and 4GHz of
sub 6 GHz, and 5.5 GHz of WiMAX systems [32–34]. The antenna resonates mainly at 1.9 GHz, 4 GHz,
and 5.5 GHz, as can be clearly seen from the reflected phase of the design, shown in Fig. 2(b).

To justify the tri-resonance function of the design, the simulated electric field distributions for the
proposed antenna at different resonance frequencies are presented in Fig. 3. It is worth mentioning that
the maximum scaling for all figures is the same. At the first resonant frequency (1.9 GHz), the maximum
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Figure 2. (a) Return loss and (b) reflected phase of the proposed antenna.

(b)(a) (c)

Figure 3. Electric field distributions of the proposed antenna at (a) 1.9, (b) 4, and (c) 5.5 GHz.

(b)(a) (c)

Figure 4. 3D transparent radiation patterns at (a) 1.9, (b) 4, and (c) 5.5 GHz.

E-filed distributions are discovered at the outside of the crossed exponentially tapered slot [35]. It is
evident from Fig. 3(b) that at the second resonance (4 GHz) the star-shaped slot appears very active.
As shown in Fig. 3(c), at 5.5 GHz, the electric field distributions are almost equal around different edges
of the crossed exponentially tapered slots. Nevertheless, some coupling and interactions between the
main slot resonator and the bowtie-shaped radiation stub in the top layer can be discovered which could
affect the frequency response of the antenna [36, 37].

The transparent views of the design radiations at different resonance frequencies, including 1.9, 4,
and 5.5 GHz, are illustrated in Fig. 4. Clearly, the antenna exhibits highly symmetric radiation patterns
covering the different sides of the substrate with sufficient gain values [38, 39]. It should be noted that
by moving to the higher frequencies, the shapes of the radiation patterns are changed slightly. Fig. 5(a)
plots the simulated radiation and total efficiencies of the antenna. As can be observed from the figure,
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Figure 5. (a) Antenna efficiencies (radiation & total) and (b) its maximum gain/diversity
characteristics.

better than 95% radiation efficiency is achieved versus the antenna frequency band. Furthermore, it
is shown that the designed antenna offers quite good total efficiency with the level of 80% ∼ 95%
and with the maximum values at the middle frequencies [40–42]. This is mainly due to the good
impedance matching and also well-defined characteristics of the employed Rogers 5870 dielectric which
is not lossy in comparison with conventional substrates such as FR-4. It should also be noted that the
mismatch loss of the antenna is included in the total efficiency characteristic. Therefore, as expected,
the total efficiency values are less than the radiation efficiency results. Fig. 5(b) plots the directivity and
maximum gain properties of the designed slot antenna versus the desired frequency band. It is found
that although the gain changes with the frequency, its level is still better than 3 dBi over the antenna
frequency band. The small difference among the maximum gain and directivity characteristics is mainly
due to the high-efficiency results at different frequencies [43]. Also, the variation of the directivity and
gain is less than 3 dBi which is a good feature for wideband and multi-resonance system applications.

Figure 6(a) illustrates the antenna fabricated prototype and its feeding mechanism. As shown,
in the measurements, the inner conductor of a coaxial cable is extended among the stub pairs of the
antenna. However, in simulations, a discrete feeding port is extended among the antenna radiation stub
pairs [44]. The measured and simulated return loss results of the fabricated sample are compared and
represented in Fig. 6(b). It is observed that the fabricated sample of the antenna works properly and
exhibits an acceptable agreement with the simulation results. However, a slight variation in the measured
return loss is discovered which is due to the feeding setup and the large length of the coaxial cables. As
illustrated, a good frequency band (S11 ≤ −6 dB) of 1.7–5.9 GHz is achieved for the fabricated antenna.
Also, the 2D radiation patterns are studied for the proposed slot antenna design. The co/cross-pol
radiation patterns of the target resonance frequencies, including 1.9, 4, and 5.5 GHz, are represented in
Fig. 7. These frequencies are chosen as the lower, middle, and upper resonances, respectively. As seen,
the antenna can give dumbbell-like radiations in E-plane while omnidirectional radiations are discovered

(b)(a)

Figure 6. The fabricated prototype and the feeding mechanism and (b) measured/simulated return
loss results.
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Figure 7. Co-pol (solid line) and cross-pol (dashed line) radiation patterns at (a) 1.9 GHz, (b) 4 GHz,
and (c) 5.5 GHz.

in H-plane. With increasing the operation frequency, the antenna radiations are slightly deteriorated.
In addition, the cross-polarizations of the antenna radiation can be deteriorated due to the horizontal
surface currents. However, as clearly shown, the antenna provides good cross-polarization radiation
patterns with low levels at different frequencies [45–48].

In the following, the mutual coupling characteristics between the antenna pairs for three different
MIMO configurations are investigated. In this investigation, the closely-spaced antennas are arranged on
a common dielectric with a minimum distance. The results are compared and illustrated in Fig. 8. As can
be observed, the crossed arrangement (configuration 3) provides the best mutual coupling and isolation.
This is mainly due to the independent orthogonal polarization modes of the antenna elements which
have been arranged with a 90◦ difference [49, 50]. However, configuration 2 is also quite satisfactory
with the mutual coupling less than −20.

(b)(a)

Figure 8. (a) Different arrangements and (b) mutual coupling results of the double-antenna.
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4. CONCLUSION

The design and characteristics of a new multi-resonance crossed exponentially tapered slot antenna is
successfully investigated in this paper. The structure of the designed antenna contains two crossed
exponentially tapered slots in the ground plane and a bowtie-shaped radiation stub with a discrete
feeding point extended among the stub parts. The antenna supports a wide operation band at 1.8–
4.3 GHz with an extra resonance at 5.5 GHz. The fabricated prototype sample of the design works
properly and exhibits an acceptable agreement with the simulation results. It exhibits good properties
in terms of the fundamental radiation characteristics and could be used in future wireless systems.
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