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A Novel Dual-Frequency Omnidirectional Antenna with
Transmission Line Resonators Loading

Honglin Zhang!, Dong Chen® *, Ying Yu!, and Chunlan Zhao?

Abstract—A novel dual-frequency antenna with horizontally polarized (HP) omnidirectional radiation
is presented in this paper. The antenna consists of four printed arched dipoles, four planar baluns, and a
four-way power splitter. The balun as well as the power splitter works as the feed network. By loading
a transmission line resonator (TLR) as the near-field coupling parasitic element, the dual-frequency
characteristics can be realized. After the design principle is stated, a sample antenna is manufactured
and measured to prove the predicted performance of the proposed antenna. The measured results agree
well with the predicted ones.

1. INTRODUCTION

The horizontal polarization (HP) omnidirectional antenna is widely used in mobile terminals or base
station, which can uniformly transmit or receive HP wireless signals from any directions on the azimuth
plane to improve the coverage of the space. With the rapid development of wireless communication
system, HP omnidirectional antenna plays an increasingly important role in communication systems.

In theory, a magnetic dipole has HP omnidirectional radiation; however, the magnetic dipole is
unavailable in reality. A loop antenna with a uniform current distribution has an omnidirectional
pattern, and the wire-structure Alford loop is initially reported to realize the omnidirectional pattern
with HP [1]. From then on, several similar Alford loop antennas have been extensively studied [2-5].
Recently, some novel loop antennas have been introduced in [6,7]. However, a loop antenna has the
disadvantages of small radiation resistance and high reactance, which lead to poor impedance matching
and narrow bandwidth [8]. Moreover, HP omnidirectional pattern can also be realized by antenna arrays
[9]. Many HP omnidirectional antennas based on the rotational dipole arrays are proposed in [10-16];
however, such proposed antennas work at single-frequency.

In this paper, a dual-frequency HP omnidirectional antenna is proposed, which consists of a
rotational dipole array and an integrated planar balun working as the feeding network. Four printed
dipole antennas are placed vertically to each other on the substrate to realize HP omnidirectional
radiation. To obtain better omnidirectional radiation performance, each printed dipole is designed
to be arched along the boundary of the disk-shaped substrate. Based on the principle of near-field
coupled parasitic element [17], dual-frequency performance can be achieved by loading a transmission
line resonator (TLR). After the design method is analyzed, a sample antenna is fabricated and measured.
The measurement is in good agreement with the predicted results, which verifies our design method.
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2. ANTENNA AND ITS EQUIVALENT CIRCUIT

Figure 1 depicts the structure of the proposed antenna. Because of the flexible characteristic and low
loss factor over a wide frequency range [18], polyimide (PI) is chosen as the substrate in our design.
The proposed antenna is implemented on a PI substrate with a thickness 0.065 mm, dielectric constant
gr = 3.5, and loss tangent § = 0.0027, respectively. The feed matching network is constructed by four
planar baluns and a four-way power splitter. The four arched printed dipole elements are etched on one
side of the substrate, while the baluns as well as the power splitter is built on the other side.
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Figure 1. Configuration of the proposed HP omnidirectional antenna: (a) Side view; (b) Top view; (c)
Bottom view.

Since the HP omnidirectional antenna is composed of four identical arched dipoles, a quarter of this
antenna and its equivalent circuit are illustrated in Figs. 2(a) and (b), respectively [19]. The printed
dipole is fed by a slot line (i.e., slot line in Fig. 2(a)).

The input impedance of the printed dipole is denoted by Z,.,. The impedance looking into the
slot line (the characteristic impedance is Z4, and the length of the slot line is Iy, respectively) is Z,.
Z. is the impedance looking into the loaded TLR. Impedance Z; is obtained by connecting impedance
Z. in parallel with the shorted stub (the characteristic impedance is Z3, and the length of the slot
line is I3, respectively). The coupling between slot line and microstrip line can be expressed as an ideal
transformer with turn ratio n [20]. By the transformer, impedance Zj, is converted to Z,. Z;, is obtained
by considering the open stub (the characteristic impedance is Zs, and the length of the microstrip line
is [y, respectively). Ultimately, the input impedance looking into the microstrip line (the characteristic
impedance is Z;, and the length of the slot line is /;, respectively) at the feed point is Z,,.

Next, a mathematical derivation of the equivalent circuit in Fig. 2 is performed. Based on the
discussion above, the input impedance Z,., of the printed dipole can be obtained by CST EM simulation
software. From the impedance equation of the transmission line, impedance Z, can be established

Zy + jZrq tan Byly
where using the empirical formula [21], parameters Z, and (4 (phase constant of the slot line) can be

calculated.
As can be seen from Fig. 2, impedance Z, of the antenna can be established

11 1
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Figure 2. Evolution of the proposed antenna: (a) The quarter section of the proposed antenna; (b)
The equivalent circuit (ll =Ls+Ly+ Ls,ls =Lg+ Ly, l3=Hoy, Iy = Hl)

where L and C can be calculated by the empirical formulas in [22, 23]. Thus, impedance Z;, can also be

established
JZcZ3 tan Byls
y =

= 3
Ze + ng tan ﬁ4l3 ( )

Similarly, impedance Z3 can be calculated by empirical formulas [21]. After passing through the
transformer, impedance Z, is transformed to Z.

Zy =12, (4)
Considering the open stub, Z;, can be obtained
Zin = Za — ]ZQ cot 52l2 (5)

where 35 is the phase constant of the microstrip line.
Ultimately, the input impedance can be obtained

Zin + jZ1 tan Baly
Y20+ jZip tan Boly
Then, Z;, in the equation can be derived as

AR VAR l
Zi = 222110 ol
Zl _jZin tanﬂgll

Zin =2 (6)

(7)

However, Z! is extracted by CST EM simulation software. Therefore, impedance Z;, can be
determined from Equation (7).

So far, the equivalent circuit has been deduced, and full-wave simulation will be used to analyze
our design.
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An investigation about the effect on the resonant frequency of the antenna caused by different
arc lengths Lo is carried out by CST 3D EM simulation software. Under simulation, the other size
parameters are set as follows: Ly = 11.0mm, L3 = 2.2mm, Ly = 6.9mm, Ls = 1.6 mm, Lg = 4.2 mm,
L7 =23mm, W; = 04mm, Wy = 1.9mm, W3 = 3.0mm, Wy = 4.6 mm, W5 = 0.5 mm, W = 1.5 mm,
H=129mm, H; = 1.4mm, S = 0.4mm and Hy = 3.5mm.

Simulated S-parameters of the proposed antenna with different Ly as well as that of a conventional
printed dipole without TLR are simultaneously plotted in Fig. 3. As can be seen from Fig. 3, dual-
frequency characteristics can be observed by loading a TLR, and the second resonant frequency
continuously moves to the lower frequency band with the increase of Ls, while the first resonant
frequency keeps almost the same, which means that the two resonant frequencies can be adjusted
independently.
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Figure 3. The simulated S7; varies with Ls.

3. MEASURED RESULTS

To verify our design, a sample antenna is fabricated and measured. The size parameters of the
sample antenna are optimized as follows: L1 = 11.0mm, Lo = 4.4mm, L3 = 2.2mm, Ly = 6.9 mm,
Ls =1.6mm, Lg = 4.2mm, L7 = 2.3mm, W; = 0.4mm, Wy = 1.9mm, W3 = 3.0mm, W, = 4.6 mm,
W5 =0.5mm, W = 1.5mm, H = 12.9mm, H; = 1.4mm, S = 0.4mm and Hs = 3.5 mm. A photograph
of the fabricated antenna is shown in Fig. 4. The return loss and radiation pattern have been measured
by Kegsight E5071C vector network analyzer and SATIMO near-field antenna measurement system,
respectively.

The simulated and measured S-parameters are both shown in Fig. 5. There are some deviation
between the simulation and measurement, which might be caused by the fabrication tolerance. However,
the dual-frequency resonant characteristics of this antenna can be observed obviously.

The measured and simulated radiation patters on E-plane and H-plane at 3.8 GHz and 5.3 GHz
are plotted in Fig. 6 and Fig. 7, respectively.

From Fig. 6 and Fig. 7, it can be seen that the horizontal radiation pattern is omnidirectional, and
the cross-polarization level is less than —23 dB. There are some deviation between the simulation and
measurement, which might be caused by SMA welding precision and dielectric constant variation of the
substrate.

Simultaneously, Fig. 8 depicts measured radiation efficiency and gain of the proposed antenna over
the operating frequency range. As can be seen from Fig. 8(a), there are two peaks on the measured
radiation efficiency curve, 91% and 78%, respectively. Similarly, in Fig. 8(b), there are two gain peaks,
1.69dBi and 1.02dBi, respectively. It should be noted that the radiation efficiency and gain tend to
be lower at the high frequency. This may be due to the increase of metal loss at the higher frequency
band. Likewise, the slight deviation between the simulation and measurement may also be caused by
SMA welding precision and dielectric constant variation of the substrate.
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Figure 4.
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Figure 5. Simulated and measured return loss of
the proposed HP omnidirectional antenna.

——H-plane co-polar measurement
— - H-plane co-polar simulation

—— H-plane cross-polar measurement
== H-plane cross-polar simulation

80
40
= L
z )|
e {s0
K o
& |
-40
7120

Figure 6. Simulated and measured radiation patterns of the proposed HP omnidirectional antenna at

3.8 GHz: (a) E-plane; (b) H-plane.
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Figure 7. Simulated and measured radiation patterns of the proposed HP omnidirectional antenna at

5.3 GHz: (a) E-plane; (b) H-plane.



48 Zhang et al.

120
— - = Simulation
—— Measureme
100 Ieasurement
= b ,r'\.
£ 80 i\ £ =
s il \ } £
z Y \ =
5 604 o\ / ' B
£ i X X &
2 40 j s p \
‘.f \- -15 4 =+ =Simulation
204 X/ N —— Measurement
y ~
0 : : ; . r -20 T T T T T
3.0 3.5 4.0 45 50 55 6.0 3.0 35 4.0 45 50 55 6.0
Frequency (GHz) Frequency (GHz)
(a) (b)

Figure 8. Measured radiation efficiency and gain of the proposed HP omnidirectional antenna: (a)
Radiation efficiency; (b) Gain.

The proposed HP omnidirectional antenna is also compared with the other published references in
recent years in Table 1.

Table 1. Comparison of various dual-frequency HP omnidirectional antennas.

Ref
S e%ence Operating Freq. (GHz) Substrate e, Antenna size (mm?) Gain variation (dB) X-pol (dB)
esigns

0.5 @242GHz &
[24] 248 GHz & 5.43 GHz Not mentioned  Not mentioned . ’ —18
Not mentioned @ 5.43 GHz

1.7@245GHz &

[25] 2.45 GHz & 3.9 GHz 2.2 47 x 47 x 1.57 —20
1.2 @ 3.9 GHz
24GH
[26] 24GHz & 5.6 GHz  Not mentioned 20 x 25 x 16 0@24GHz & —11.3
0.6 @ 5.6 GHz
[27] 0.89 GHz & 1.84 GHz 44 94 x 94 x 1 0.65 @ 0.89 GHz & —920
3.95 @ 1.84 GHz
Proposed 1.5 @ 3.8 GHz &
ropose 3.8 GHz & 5.3 GHz 3.5 30 x 30 x 0.065 g _923
Antenna 0.8 @ 5.3 GHz

X-pol: Cross polarization

As can be seen from Table 1, the proposed antenna provides dual-frequency operation with a
relatively reduced size. In addition, the proposed antenna has a better cross-polarization level and
good gain variation. Compared with the planar structure of the proposed antenna, space installation
is adopted in [24] and [26]; therefore, they are not compact. On the other hand, the proposed
antenna is more compact than [25] by using a low-profile and a relatively high dielectric constant
substrate. Therefore, the proposed antenna with compact structure has dual-frequency and good
radiation characteristics.

4. CONCLUSION

In this paper, a novel dual-frequency HP omnidirectional antenna is presented. The dual-frequency
characteristic is realized by loading a TLR which works as a near-field coupling parasitic element. To
realize the HP omnidirectional radiation pattern, four identical arched dipole antennas are arranged
along the circumference of the substrate to form a circular array. A prototype antenna has been
fabricated and measured. The measurements agree well with the simulations. HP omnidirectional
radiation pattern is realized at both working frequencies, which provide a good verification for our
proposed design method.
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