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A multi-band antenna array for multiple wireless
communication systems
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Abstract

In this project a new wideband array antenna
system for multiple wireless applications is
developed. It is composed of two equispaced
four-element arrays, phase shifters, diplexers,
and power dividers. The two arrays are
interleaved and connected to diplexers and
power dividers. The proposed antenna system
associated with feeding network and antenna
elements can be integrated on a single substrate.
Consequently, such a design is with low
fabrication and assembly cost and compact size.
A wideband antenna array with bandwidth from
2.0GHz to 6.0GHz and main beam pointing to
20 degrees is designed and measured as an
example. The radiation patterns below 3.0GHz
deforms drastically, suffering from mutual
couplings between antenna elements. The
performance for other frequencies seems to
agree with our design.

Keywords: array antenna.

9% 7 31

I. Introduction

Recently wireless communication products
emerge in large number and gradually become
living essentials. The demand of various base
stations and access points for different
communication standards increases in order to
pursue better service quality. As the number of
base stations and access points goes up, the
number of antennas increases dramatically.
Technically, it results in serious couplings
between antennas of different communication
systems and occupies a large space. For the
public, it arouses concerns about their excessive
electromagnetic radiation. Thus, a compact
multifunctional array antenna to provide a wide
variety of wireless services is highly desired.

Consider an equispaced array of 4 elements, a
uniform progressive phase factor & can be
introduced to position the main beam to angles
0y and w0, [1]. If & is a linear function of
frequency, the direction of main beam still points
at 0y and m-0,, but the main beam deforms and
the level of side lobe degrades as frequency
sweeps. The digital signal processing technique,
digital ~ beamforming, can provide a
frequency-invariant beam pattern over an
arbitrary bandwidth [2]. This approach is very
powerful, but for an n-element array each
antenna requires an RF transceiver and A/D
converter, resulting in high fabrication cost.
Consequently, designing an array with lower
cost and beam pattern not sensitive to frequency
sweeping is in great demand for future wireless
applications.

Here we propose a new wideband array
antenna system which is composed of two
equispaced four-element arrays, phase shifters,
diplexers and power dividers. The two arrays are
interleaved and connected to diplexers and
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Fig. 2. Specification of the diplexer.

power dividers. The proposed antenna system
associated with feeding network and antenna
elements can be integrated on a single substrate,
offering lower fabrication and assembly cost and
more compact size than the conventional
solutions. A wideband antenna array with
bandwidth from 2.0 GHz to 6.0 GHz and main
beam pointing to 20 degrees is designed and
measured as an example.

I1. Design Concept

The structure of the proposed system is
depicted in Fig. 1. The phase shifters are
designed to position the main beam to a specific
direction. The use of the diplexers is to switch
the two arrays as frequency sweeps. Assume that
f; and f; are the lowest and the highest
frequencies of the desired band, choose
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Such a choice makes the low- and high-bands
of the diplexer have the same fractional
bandwidth. The frequency response of the
diplexer is plotted in Fig. 2. The delay lines in
Fig.l are designed so that the outputs of the

diplexer are with the same phase at f.. Finally,
the diplexers are fed using wideband power
dividers.

The array factor of the proposed system can
be expressed in the form

4
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where
ko wave number in free space;
dand s half-wavelengths in free space at
frequencies f; and fu, respectively;
Croand Cy;  frequency responses of the low-band
and the high-band of the diplexer,
respectively;
0 system progressive phase factor, a
constant;

Jr0 and dy; progressive phase factors of array
with spacing d and s, respectively.

Cro and Cyy are similar to the responses of
bandpass filters with center frequencies at fio
and fy, respectively. The array with spacing d
works as frequency being around f;o, and the
array with spacing s works as frequency being
around fy; . By introducing the diplexers, the
deformation of the main beam due to frequency
sweep can be relieved.

I11. Simulation and M easurement Results

A. Simulation Results

A 2.0 GHz to 6.0 GHz wideband antenna
array with mainbeam pointing to 20 degrees is
designed to validate the proposed concept.
According to the equations in Section I, & =61
degrees, f.=3.46 GHz, f,,=2.73 GHz and
fur=4.73 GHz. The spacings d and s are 54.9 mm
and 31.7 mm, respectively. The minimal spacing
between two antenna elements is 11.6 mm,
corresponding to 0.134, at f.. Assume that the
mutual couplings between antenna elements can
be neglected, the simulated array factors are
plotted in Fig. 3, and the side lobe level against
frequency and the 3dB beamwidth against
frequency are shown in Fig. 4. It is seen that the
main beam points to 20 degrees over 2.0 GHz to
6.0 GHz, the 3dB beamwidth is between 22° and
38° and the side lobe level is larger than 10 dB
from 2.0 GHz to 5.7 GHz.

B. Components Design
The substrate used is an RO4003 with
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Fig.3. Simulated array factors of the proposed array

system.
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Fig.4. Side lobe level and 3dB beamwidth against

frequency.

thickness 0.508 mm and relative dielectric
constant 3.38. As discussed previously, the
minimal spacing between two antennas is 11.6
mm. As a result, an antenna element with a
width smaller than 11.6 mm is needed. However,
the design of such a planar antenna with a
bandwidth from 2.0 GHz to 6.0 GHz presents
many difficulties. One of possible solutions is a
loaded monopole antenna, offering a compact
size and excellent pattern characteristics over a
wide bandwidth. The resultant antenna element
is shown in Fig. 5. The antenna gain between
2.0GHz to 6.0 GHz is 1.0dBi in average. Figure
6 presents the couplings between antenna
elements, showing that the maximum coupling is
-6 dB.

For the diplexer, we connect two broadband
bandpass filters based on stub-line filters [3]-[7]
together to form the desired diplexer;
nevertheless, some unwanted interactions
between the filters cause serious performance
degradation. As a result, we develop a Matlab
program based on fmins subroutine to optimize
the designed parameters to meet the desired
specifications. Figure 7 presents the layout and
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Fig.6. Couplings between antenna elements.
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Fig.7. Frequency responses of the diplexer used in the
array system.

scattering parameters of the designed diplexer.
The losses at 2.0 GHz and 6.0 GHz are 0.3 dB
and 0.8 dB, respectively. The measured cutoff
frequency is at 3.45 GHz, which is almost
identical to the simulated one. The measured and
simulated phase differences at 3.45 GHz is 32
and 20.7 degrees, respectively. The discrepancy
is contributed by the imperfection of the
manually soldered SMA connectors at the output
ports.

C. Feeding Network

The layout of the feeding network is shown
in Fig. 8. Its size is 200 mm by 90mm. The
4-way power divider [8] and the four diplexers
are connected together. The delay lines are used
to make the outputs of the diplexers have the
same phase at the cutoff frequency. The
serpentine lines are designed to implement the
phase shifters, making the differences between
Ports L; and L;.; at 2.73 GHz and between Ports
H; and H;.; at 473 GHz be 61 degrees,
respectively. Figure 9 presents the measured
reflection coefficients and the insertion losses at
output ports of the feed network. Ideally, the



Fig.9. Measured reflection coefficient and the insertion
losses at the output ports of the feeding network.
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Fig.10. Measured radiation patterns of the designed
antenna array.

insertion losses at the output ports are -6dB. The
additional losses at 2.0 GHz and 6.0GHz are 0.5
dB and 1.5dB, respectively, which are
contributed by the 4-Way power divider and
diplexers.

Table I summaries the measured phases at the
output ports and phase differences between
output ports at frequencies 2.73 GHz, 3.45 GHz,
and 4.73 GHz. The numbers in brackets
represent the ideal value. At the column of 3.45
GHz, the ideal phase shift between Ports L; and
H; can be determined by Eq. (7). It can be seen
that the measured phase shifts agree well with
the designed ones.
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D. Antenna Array

Figure 10 shows the radiation patterns in the
xy-plane at different frequencies. The radiation
patterns below 3.0 GHz deform dramatically,

TABLE I. Measured phases at the output ports
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suffering from mutual couplings between

antenna elements.

V. Conclusions

A new wideband planar antenna array has
been proposed in this paper. This antenna system
associated with feeding network and antenna
elements can be integrated in a single substrate.
Consequently, such a design is with low
fabrication and assembly cost and compact size.
So far, the prototype of the array antenna has
been completed. Suffering from the strong
mutual coupling between antenna elements, the
radiation patterns below 3 GHz deform
dramatically. The overall system will be
improved in the future.
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