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1. Introduction

In recent years, a wide range of frequency bands, in-
cluding 800 MHz, 1.5 GHz and 2.0 GHz, are used for mo-
bile communication. Antennas for mobile communication
base stations need to support multi-band transmission and
reception, as well as to respond to polarization diversity.
They are also required to be reduced in size so that the in-
stallation work is simplified, load to antenna towers is re-
duced, and the scenery is not spoiled. Thus far, multi-band
antennas(1)-(3) and dual polarized multiband antennas(4)-(10)

have been reported. This report proposes a newly devel-
oped small-sized triple-band dual polarized antenna com-
posed of loop elements and bent dipole elements.

2. Antenna Element

The target frequency bands of the developed antenna
are 800 MHz, 1.5 GHz and 2.0 GHz.

Figures 1 and 2 show conventional triple-band dual po-
larized antenna structures. Figure 1 shows a triple-band
dual polarized antenna composed of conventional dipole
elements. Each dipole element resonates at each frequency
and has each power feed line. The antenna size is 0.5λ 800 ×
0.5λ800 (λ800: wavelength of the center frequency of the 800
MHz band), which is determined by the 800 MHz dipole
element size.

Figure 2 shows a triple-band dual polarized antenna
composed of dipole elements. Each dipole element res-
onates at each frequency and has a common power feed
line. The antenna size is also 0.5λ800 × 0.5λ800, which is de-
termined by the 800 MHz dipole element as the antenna
shown in Fig. 1.

For downsizing, we built the triple-band antenna with
loop elements and bent dipole elements. Figure 3 shows
the newly developed vertical polarized triple-band antenna
structure. This antenna is composed by 800 MHz dipole el-
ements, 1.5 GHz dipole elements, and 2.0 GHz loop ele-
ments. These dipole elements are bent in to reduce the
size. A part of the 2.0 GHz loop element is used for the bal-

anced line of the 800 MHz and 1.5 GHz bent dipole ele-
ments to simplify the triple-band antenna structure. To im-
prove the return loss characteristics of the 1.5 GHz and 2.0
GHz bands, a parasitic element is placed above the verti-
cally polarized antenna, and the gap between the balanced
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Fig. 1.  Conventional antenna structure (Dipole, individual power feed)
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Fig. 2.  Conventional antenna structure (Dipole, common power feed)



lines is widened from the feeding point of the 1.5 GHz di-
pole element to that of the 2.0 GHz dipole element.

The developed dual polarized antenna is composed of
a vertical polarized antenna and a horizontal polarized an-
tenna. The structure of the horizontal polarized antenna
is similar to that of the vertical polarized antenna rotated
90 degrees around the Z-axis. The horizontal polarized an-
tenna is placed above the vertical polarized antenna. A sub
refrector is placed between the main refletor and the hor-
izontal polarized antenna to improve the  vertical polarized
antenna radiation pattern. The dimension of each antenna
element is shown in Table 1.

Figure 4 shows a prototype model of the vertical po-
larized antenna and the dual polarized antenna. Figure 5
shows the measured return loss characteristics of a proto-
type dual polarized antenna. In this figure, the solid line
shows the return loss of the vertical polarizazion antenna
and the dotted line shows that of the horizontal polarized
antenna. The return loss is less than -10 dB at the 800 MHz,
1.5 GHz and 2.0 GHz bands. Figure 6 shows the measured
isolation characteristics of the prototype model. In this fig-
ure, isolation is less than -25 dB at each frequency band. 

Figures 7 and 8 show the measured radiation pattern
in the horizontal plane of the vertical polarized antenna
and that of the horizontal polarized antenna, respectively.
In Fig. 7, the 3 dB beam width is about 60-90 degrees and
the gain of the antenna is over 7 dBi at each frequency
band. In Fig. 8, the 3 dB beam width is about 60-80 degrees
and the gain of the antenna is over 7 dBi at each frequency
band. Table 2 shows the characteristics of the prototype
model.

The newly developed antenna element is 0.35λ 800 ×
0.25λ 800 (Y-axis size × X-axis size), which is about 60%
smaller than the conventional dipole antenna shown in
Figs. 1 and 2.
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Fig. 3.  Vertical polarized antenna
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Fig. 4.  Perspective picture of prototype model
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Fig. 5.  Return loss (antenna element)
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Fig. 6.  Isolation (antenna element)

Table 1.  Dimensions of antenna elements

H-pol. V-pol.

800MHz element approx. 0.35λ800 approx. 0.25λ800

1.5GHz element approx. 0.3λ1.5 approx. 0.3λ1.5

2.0GHz element approx. 0.35λ2.0 × 0.2λ2.0 approx. 0.4λ2.0 × 0.15λ2.0

Prasitic element approx. 0.25λ1.5 approx. 0.25λ1.5

Sub Reflector approx. 0.5λ1.5 –

Distane from
Reflector approx. 0.25λ800 approx. 0.18λ800

(λ800: wavelength of 800 MHz band, λ1.5: wavelength of 1.5 GHz band, λ2.0: wavelength
of 2.0 GHz band)



3. Array Antenna

The size of the conventional dipole antenna element
is 0.5λ 800 × 0.5λ 800. Therefore, the spacing between the ad-
jacent array elements (array pitch) is longer than 0.5λ 800.
It means that the array pitch is longer than 1.2λ at the cen-

ter frequency of the 2.0 GHz band, which causes grating
lobes and thus the gain of the antenna is decreased.

The size of our new antenna element is 0.35λ 800 ×
0.25λ 800 (Y-axis size × X-axis size). Therefore, the array
pitch can be reduced to 0.4λ800. In this case, the array pitch
is about 0.95λ at the center frequency of the 2.0 GHz band,
and grating lobes can be eliminated.

The performance of the prototype model of the three-
element array antenna was measured in an anechoic cham-
ber. Table 3 shows the characteristics of the prototype
model. Figure 9 shows the measured radiation pattern in
the vertical plane of the vertical polarized antenna, and
Fig. 10 shows that of the horizontal polarized antenna. The
solid line, the dashed line and the dotted line show the ra-
diation patterns of the 800 MHz, 1.5 GHz and 2.0 GHz
bands, respectively. Grating lobes are eliminated at the 2.0
GHz band.

92 ·  Triple-Band Polarization Diversity Antenna with Loop Element

800 MHz Band
1.5 GHz Band
2.0 GHz Band

5 dBi5 dBi5 dBi

-5 dBi-5 dBi-5 dBi

15 dBi15 dBi15 dBi

Fig. 7.  Radiation pattern of antenna element (V-pol., Horizontal plane)
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Fig. 9.  Radiation pattern of three-element array
                                (V-pol., Vertical plane)
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Fig. 8.  Radiation pattern of antenna element (H-pol., Horizontal plane)

Table 2.  Prototype model characteristics (Antenna element)

Table 3.  Prototype model characteristics (Three-element array)

Measured Data

Frequency 800 MHz, 1.5 GHz, 2.0 GHz

Gain V-Pol. : > 7 dBi
H-Pol. : > 7 dBi

Return Loss < -10 dB

Beam width
(Horizontal plane)

V-Pol. : 60-90 deg.
H-Pol. : 60-80 deg.

Isolation < -25 dB

Element size 0.35λ800 × 0.25λ800

Measured Data

Frequency 800MHz, 1.5GHz, 2.0GHz

Gain
800MHz : > 8 dBi
1.5GHz : > 10 dBi
2.0GHz : > 10 dBi

Return Loss < -10 dB

Beam width
(Horizontal plane)

V-Pol. : 60-90 deg.
H-Pol. : 60-80 deg.

Beam width
(Vertical plane)

800MHz : 45 deg.
1.5GHz : 30 deg.
2.0GHz : 20 deg.

Isolation < -25 dB

Dimensions ø200 × 500 mm

Weight 4 kg

Input connector N-J



4. Conclusion

This paper presented a new dual polarized triple-band
(800 MHz, 1.5 GHz and 2.0 GHz) antenna composed of
loop elements and bent dipole elements. The antenna size
was reduced by about 60% compared with the conven-
tional dipole antenna. 

We will continue our efforts for the development of a
four-band antenna that responds to the 700 MHz band,
which has been newly assigned for mobile communication.
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Fig. 10.  Radiation pattern of three-element array
                                  (H-pol., Vertical plane)


