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antenna array using strip-loaded dielectric A bidirectional dielectric resonator (DR) antenna array using back-to-back quasi-Yagi
resonator operating in TEzs; mode. antenna configuration is proposed and implemented for the first time. The DR operating at
International Journal of Microwave and Wireless higher-order TE;5 mode is used as a magnetic dipole, applying for the driver of quasi-
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10.1017/S1759078720000306 Yagi antenna. Due to the high-order mode employment, the antenna gain can be enhanced.

By partially loading the metallic strip on the side wall of the DR, the gain can be further
Received: 13 November 2019 enhanced. In addition, a simple dual Marchand balun is constructed for feeding the two
Revised: 12 March 2020 quasi-Yagi antennas directly for bidirectional radiation. To verify the design concept, a proto-
/;icé:‘ptjgii slhze:j/l?)rrfl?ni(-)zfA 1 2020 type operating at the X-band is fabricated and measured. Good agreement between the simu-
P Shaen lated and measured results can be observed.
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As the development of the long-distance wireless communication systems (such as long-street,
Author for correspondence: long bridges, tunnels, highways, and railways), bidirectional antenna array has received ever-
Jian-Xin Chen, increasing attention due to its special opposite converge radiation pattern and high gain char-

E-mail: jixchen@hotmail.com acteristics. In the past decades, a lot of researches have been done to design the bidirectional

antennas [1-6]. In [1], a bidirectional end-fire antenna array with six parasitic elements is
developed for coal mine or tunnel communication. A novel design of the bidirectional antenna
based on spoof surface plasmon has been successfully implemented with good performance in
[2]. Meanwhile, a number of the circularly polarized (CP) or the polarization reconfigurability
bidirectional antenna array has been designed [7-10]. In [7], a slot antenna with a broadband
CP bidirectional radiation pattern is proposed for the X-band applications. However, the afore-
mentioned designs, which are all based on the metal, usually suffer from the conductor loss of
the metal as the operation frequency arises.

Dielectric resonator (DR) antenna, for its near-zero conductor loss, more degrees of design
freedom, small size, light weight, and ease of excitation, becomes more attractive [11-15]. In
[13], a bidirectional diversity antenna using stacked DRs is designed. However, its high profile
would become an obstacle in some applications that have limited space.

In this paper, the DR antenna array with bidirectional radiation is proposed for the first
time. The strip-loaded DR operating at the higher-order TE;5 mode is used as a magnetic
dipole to design a high-gain quasi-Yagi antenna without extra directors. By placing the two
quasi-Yagi antennas back-to-back, which are fed by a new dual Marchand balun, an
antenna array comes into being, achieving a bidirectional radiation pattern. The simulated
and measured results with good consistency are presented, which effectively verifies the pro-
posed idea.

Antenna design

The geometry of the proposed bidirectional DR antenna array is shown in Fig. 1, which is inte-
grated on a RO4003C substrate (€,; =3.55 and tand; =0.0027). The ground plane is on the
bottom of the substrate. As depicted in Fig. 1, the antenna array is composed of two
quasi-Yagi antenna elements. A dual Marchand balun, which can be seen as two traditional
Marchand baluns placed back-to-back [16, 17], is employed to excite the antenna array.

© Cambridge University Press and the . .
European Microwave Association 2020 Quas:-Yagl antenna element
Figure 2 illustrates the configuration of the proposed quasi-Yagi antenna element, which is
composed of a rectangular DR partially printed with a metal strip, one layer of the substrate,
CAMB RIDGE a transition of differential microstrip line pair to groundless balanced coplanar strip line (CPS)
UNIVERSITY PRESS for differential excitation of the DR, and ground plane (used as a reflector) on the bottom of
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Fig. 1. Geometry of the bidirectional DR antenna
array. (a) 3D view. (b) Top view. (Design para-
meters: Ls=69.8, Ws=325, L,=6.5, W,=13.6,
L4=16.9, L,=8, W=56, Wy=12, W,=12, Ws=
0.35, W,=0.7, Ws=0.9, L,=4.5, d;=1.2, d,=8.2,
5,=0.8, 5,=0.8, 53=0.15, h=1, and t=0.508.
Units: mm.)

Ground
(Reflector)

Fig. 2. Geometry of the proposed quasi-Yagi DR
antenna element. (a) 3D view. (b) Top view. (Design
parameters: W,=1.1, Ws=1.2, d,=8, L,=20, and s; =
1.5. Units: mm.)

the substrate. The quasi-Yagi antenna element based on the dom-
inate TE;5; mode DR is proposed in [18] and the antenna gain
can be improved as compared with the traditional quasi-Yagi
antenna using metal strips. However, the gain improvement is
still limited and can be further enhanced. Since the DR owns mul-
tiple higher-order mode characteristic, they can be excited to
achieve gain enhancement [19-22]. In this design, the rectangular
DR operating at higher-order TE;5 mode is used as a magnetic-
dipole driver, which implies higher gain can be achieved. Table 1
gives the performance comparison of the proposed antenna using
the higher-order TE;5 mode (without loading strip here) with the
previous quasi-Yagi antenna element in [18]. The antenna gain is
about 2.46 dBi higher than that of the design in [18]. According to
the TEs5 mode E-field distribution in Fig. 3(a), the CPS feeding
line should be symmetric with respect to the central line of the
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Table 1. Performance comparison with the previous antenna element in [18].

Ref Driver Operating mode Gain (dBi)
[18] DR TE151 6.38
This work DR TEss1 8.84

DR so that the E-field directions of the CPS and TE;5; mode of
the DR are consistent. Meanwhile, the strip width W, the spacing
s1 between the two strips, and the inset length d; of the CPS can
be optimized to obtain good impedance matching for the
quasi-Yagi antenna element. As can be seen from Fig. 3(a), the
TE35 mode has three E-field circles tangential to the x-z plane,
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Fig. 3. The TEzs; mode E-field distributions of the
(a) (b) DR. (a) Without loading strip. (b) With loading strip.
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E_p]ane H-plane Fig. 4. The simulated radiation patterns for the
quasi-Yagi antenna element with/without loading
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and it is undesirable that the E-field direction along the right-side
wall (x-axis direction) of the middle circle is opposite to those of
its both sides. To overcome this, a metal strip with a length of 10.0 4
about 1/3W, is printed on the side wall of the DR for compressing
the middle E-field, as shown in Fig. 3(b), so that the antenna gain
can be enhanced. Figure 4 shows the simulated radiation pattern
for the quasi-Yagi antenna element with/without loading strip. It
can be found that the back lobe of the radiation pattern of the
antenna with a loading strip is compressed and therefore both
end-fire gain and front-to-back ratio are improved. Figure 5
shows the simulated peak gain of the antenna element with/with-
out strip under different extension length L, of the substrate. It ==~
can be found that the gain of the antenna can also be enhanced
by increasing L. Thanks to the employment of high-order 0 8 16 24 32 40 48
TE;s; mode and loading strip, the antenna gain can reach up to L, (mm)

9.4 dBi without director when L, =20 mm. Accordingly, the opti-

mization for the directors in the traditional Yagi antenna can be  rig, 5, Effects of the substrate loading on the quasi-Yagi DR antenna element with/
avoided. without loading strip.

Loading strip

Realized Gain (dB)

- ——— with loading strip

= = without loading strip
8.0 — 777
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Fig. 7. The simulated results of the proposed dual Frequency (GHz) Frequency(GHz)

Marchand balun. (a) S-parameters. (b) Phase differences. (a) (b)

Figure 6(a) shows the simulated reflection coefficient (|S;;|)  GHz). Figure 6(b) depicts the simulated radiation patterns in
of the proposed antenna element. The simulated impedance both E- and H-planes at about 10.5 GHz, respectively. As
bandwidths for |[S;;|<—10dB are 100 MHz (10.45-10.55 can be seen, the front to back ratio is about 18 dB, which
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Fig. 8. Photograph of the fabricated bidirectional antenna array prototype.

indicates that the antenna element owns good end-fire radi-
ation patterns. Due to the adoption of the differential-fed
scheme in this design, the proposed antenna has lower
cross-polarization.

Design of bidirectional antenna array

According to the above discussion, the DR quasi-Yagi antenna
with end-fire radiation is employed as an element for constructing
the bidirectional antenna array, which is fed by a dual Marchand
balun, as shown in Fig. 1. In this balun, a half-guided wavelength
(A¢/2) microstrip line in the middle is fed by port 1, which is used
as the input port of the array. Each side involves two A,/4 micro-
strip lines with one short-circuited end while two pairs of output
ports (i.e. ports 2 and 3, and ports 4 and 5) are used as balanced
outputs. Meanwhile, port 2 (3) and port 4 (5) are in-phase. By
optimizing the key parameters (W,, Ws, d; and d,), good per-
formance can be obtained, as shown in Fig. 7. The phase differ-
ence between ports 2 (4) and 3(5) is within 180+ 3° in the
frequency range of 10.2-10.5 GHz, meanwhile the in-phase char-
acteristics between ports 2 (3) and 4 (5) are also good. With two
pairs of differential signals, the antenna array can be well excited.
In the proposed bidirectional design, the back radiation of one
antenna element is the front main radiation of another.
Therefore, to obtain good bidirectional radiation performance,
the distance between the two DR drivers should be optimized
and the optimum length L, of the ground is determined as
16.9 mm.

Results and discussion

For verification, a bidirectional DR antenna array, which has a
volume of 2.4 19 x 1.12 14 % 0.05 A4 (4, represents the free-space
wavelength at the center frequency), is fabricated as shown in
Fig. 8. Figure 9(a) shows the simulated and measured reflection
coefficients (|S;,|) and realized gains of the proposed antenna
array. The simulated and measured impedance bandwidths for
[Si1|<—10dB are 70MHz (10.3-10.37 GHz) and 80 MHz
(10.3-10.38 GHz), respectively. The measured maximum gain
reaches up to 7.58 dBi, which is slightly lower than the simu-
lated value 7.78 dBi. It can be concluded that the gain of the
bidirectional array is improved by tuning L, as compared with
the quasi-Yagi antenna element mentioned above, and the
improvement is [(7.58 +3)-9.4] =1.18 dB. The measured and
simulated results of radiation patterns on E- and H-plane at
10.34 GHz are illustrated in Fig. 9(b). A slight discrepancy
between the simulated and measured results can be observed,
which mainly comes from fabrication tolerance and measure-
ment imperfection. Figure 9(c) gives the simulated and
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Fig. 9. Measured and simulated results of the proposed bidirectional antenna array.
(a) Reflection coefficients and realized gains. (b) Radiation pattern at 10.34 GHz. (c)
Radiation efficiency.

measured efficiencies of the proposed bidirectional antenna
array. It can be seen that the simulated and measured radiation
efficiencies are more than 88 and 81% in the operating band,
respectively.

The performance comparison of the proposed bidirectional
antenna array is summarized in Table 2. It can be found that
the proposed antenna without director has comparable radiation
gain to that of the design based on the SPP with four directors in
[2]. As a result, the overall electrical length of the proposed design
is shortened by about one 4. Benefitting from the gain enhance-
ment techniques using the high-order mode and loading strip, the
antenna gain is about 1.8 dB higher than that of the design with
two directors in [10]. Remarkably, it is much higher than that of
the design based on the stacked DRs without director [13]. In
addition, the proposed bidirectional antenna array using the
dual Marchand balun differential feeding structure has relatively
lower cross-polarization over the previous antenna in [2] and
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Table 2. Performance comparison with the previous bidirectional antenna arrays.

Ling-Ling Yang et al.

Ref [2] [10] [13] This work
Driver Metal strip Metal strip DR DR
£, (Resonator) - - 9.8 45
No. of directors 4 2 0 0
f, (GHz) 5.5 5.8 5.6 10.34
LxWxh (g% g% Ag) 3.33%0.72x0.02 2x1x0.06 0.56 x 0.56 x 0.25 2.4%1.12 % 0.05
Bandwidth (GHz) 0.4 0.8 0.6 0.07
X-pol (dB) -10 - -15 -20
Gain (dBi) 7.86 5.7 5] 7.58
Maximum efficiency (%) 92 68 - 95
[13]. Remarkably, the measured maximum radiation efficiency is 9. Hu J, Hao Z, Fan K and Guo Z (2019) A bidirectional same

up to 95%, even comparable to that of the design operating at 5.5
GHz in [2].

Conclusion

A bidirectional antenna array based on the DR has been presented
in this letter. The strip-loaded DR operating at the higher-order
TE;s; mode is employed to design a gain-enhanced quasi-Yagi
antenna element without extra directors. By using the dual
Marchand balun as a feeding network, the antenna array achieves
a bidirectional radiation pattern. To verify the design, a prototype
has been fabricated and measured. Good agreement between the
simulated and measured results can be observed. The high per-
formance of the proposed antenna array would make it attractive
in future communications.
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