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Mutual Coupling Reduction between Printed Dual-Frequency
Antenna Arrays
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Abstract—A new defected ground structure (DGS) is designed to reduce the mutual coupling of a
dual-frequency printed monopole array. The designed dual-frequency DGS consists of two concentric
split ring slots. Each split ring slot produces band rejection characteristics at one resonant frequency
of the antennas. An effective equivalent circuit model of the DGS section is proposed with the circuit
parameters successfully extracted. Good agreement exists among the circuit simulation, EM simulation
and experimental results. With the inclusion of the DGS, the measured mutual coupling of the dual-
band array has been effectively reduced by 10dB and 20dB at two resonant frequencies, respectively.

1. INTRODUCTION

A multi-port antenna array has become a crucial part in new generation of wireless communication
systems because it can provide higher data rates and increase system capacity by adding extra
information channels. However, the space for multiple antennas in a mobile device is usually very
limited, which results in a compact antenna array. The mutual coupling effect between closely spaced
array elements becomes severe and may dramatically degrade the radiation characteristics of the antenna
system. Various techniques to reduce the mutual coupling of antenna arrays have been reported. The
decoupling networks using reactive components [1], microstrip sections [2] or hybrid couplers [3,4] can
be added to the feeding ports of the array to reduce mutual coupling. In signal processing, the coupling
matrices using receiving mutual impedance [5-7] can be applied to compensate for the mutual coupling
in the received signal vectors. For printed antennas, electromagnetic band-gap (EBG) structures using
the mushroom-like topology [8] can be used, but the involving of vias increases the circuit complexity
and design cost. Defected ground structures (DGS) are widely used in microwave circuit and antenna
design due to its band rejection characteristics similar to EBG structures but with a more compact
size [9-11]. However, most of the work is for arrays with single operating frequency. While with
the rapid development of wireless communications, dual-band or multi-band antennas are increasingly
demanded. A dual-band decoupling network using synthesized microstrip lines is described in [12].
The port isolation of dual-frequency array for mobile terminals has been enhanced by implementing
a defected ground structure and microstrip matching network [13]. However, these designs are a bit
complicated.

In this paper, mutual coupling reduction in a printed dual-frequency monopole array using simple
defected ground structures is presented. The proposed dual-frequency DGS consists of two concentric
split ring slots. An effective equivalent circuit model of the DGS section is proposed. The theory is
validated by measurements on fabricated prototypes.
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2. CHARACTERISTICS OF DUAL-BAND DGS

2.1. Design of the Dual-Band DGS

Figure 1 shows a typical planar microstrip structure with the proposed DGS. The white concentric
split ring slots represent the defects and are etched off the ground plane, which is the dark region in
the schematic diagram. A pair of dashed lines represents a microstrip line on the reverse side of the
substrate. An FR4 substrate with a relative permittivity &, of 4.4, thickness of 1.6 mm and loss tangent
of 0.02 is used for all the designs in this paper. The 50 () microstrip line has a width of Wy = 3mm.
In order to investigate its frequency characteristics, the DGS section is simulated by using the EM
simulator, Ansoft HFSS. Figures 2 and 3 show the simulated Ss; for different r; and r3, where r; is the
outer radius of the larger split ring slot and r3 the outer radius of the smaller one, respectively. The
simulation results show that the proposed DGS has two stop bands. As rj increases, the lower stop
band frequency decreases while the upper stop band frequency remains stable. Similarly, the variation
of r3 mostly affects the upper stop band frequency. It is observed that the larger the center radius of
the split ring slot, the lower the corresponding stop band frequency. That is, the length of the split
ring slot plays the most important role in determining its resonant frequency. By properly tuning the
dimensions of the DGS section, the desired band rejection characteristics can be achieved.
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Figure 2. The transmission coefficient of the Figure 3. The transmission coefficient of the
DGS section with variation of rq. DGS section with variation of rs.
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2.2. Circuit Model of the Dual-Band DGS

To get a clear insight into the coupling mechanism between the microstrip line and DGS section, a
simple and accurate equivalent circuit model for the proposed DGS section is derived.

The coupling between the microstrip line and each slot is due to magnetic field coupling and can
be modeled by an ideal transformer with a turn ratio given by [14]
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where Z3"" and Z§l°* are the characteristic impedances of the microstrip line and the slot line,
respectively and can be easily determined by [15]. Since the performance of the DGS seems like two
one-pole bandstop filters operating at two different frequencies, the parallel equivalent circuit shown in
Figure 4 can be used to model the proposed DGS section. For a more accurate and reliable model, a lossy
characteristics of the coupling of microstrip line and DGS is considered. Instead of using the prototype
low-pass filter characteristics in [16], the equivalent parameters in the circuit model are extracted from
the physical structure. Firstly, the input admittance of the slot, Yiff(’t, is determined by [17]
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where « is the attenuation constant and S the phase constant, which can be calculated according to
the microstrip line theory, and [ is the electrical resonant length of the slot [18]. YiifOt can be seen as
a load of microstrip line, Y7 and then following the procedures in [19], the resistance, capacitance and
inductance in the equivalent circuit can be obtained by

R = 1/Re <Y;;t> (3)
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where fo is the frequency of the attenuation pole location and f. the 3dB cut-off frequency of a band-
reject response.

In order to verify the validity of this equivalent circuit, a sample of the DGS section in Figure 1
with parameters of r; = 6.1mm, ro = 5.2mm, r3 = 3.2mm, 74 = 2.5mm and w = 2mm was
studied, and the fabricated prototype is shown in Figure 5. It can be seen from Figure 6 that two
stop bands appear at 2.1 GHz and 5.4 GHz with attenuation levels of —29dB and —23 dB, respectively.
The circuit parameters extracted from the simulated S-parameters are Ry = 1.104kQ), C; = 1.912 pF,
L1 = 3.007TnH, Ry, = 1.058k(), Cy = 1.3pF, and Ls = 0.67nH. The results among the equivalent
circuit analysis, the full wave EM simulation and measurement are compared and demonstrated in
Figure 6. As shown in the figure, the result obtained from the proposed equivalent circuit analysis
has a good agreement with that from the EM simulation and measurement. In addition, the result
from the equivalent circuit analysis using the prototype low-pass filter characteristics (LPF) is also
shown in Figure 6 for comparison. It is obvious that the proposed equivalent circuit model has better
approximation to the EM simulation than that based on the prototype low-pass filter.
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Figure 4. The equivalent circuit model of the DGS section under a microstrip line.
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Figure 6. Frequency response of theoretical analysis (proposed circuit model and LPF circuit model),

EM simulation, and measurement.
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Figure 7. The structure of the printed monopole

array with DGS.

Figure 8.

The back view of the fabricated
printed array with DGS.
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Figure 9. The S-parameters of the printed

monopole array without DGS.
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Figure 10.
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The S-parameters of the printed

monopole array with DGS.
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Figure 11. Normalized radiation patterns. (a) 2.1 GHz w/o DGS; (b) 2.1 GHz with DGS; (c¢) 5.4 GHz

w/o DGS; (d) 5.4 GHz with DGS.
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3. MUTUAL COUPLING REDUCTION

The strong dual-band rejection characteristics observed for the concentric split ring slot DGS may be
exploited to reduce the mutual coupling of a compact dual-band antenna array. As an illustration, a
two-element 4-shaped dual-band monopole antenna array operating at 2.1 GHz and 5.4 GHz is designed,
as shown in Figure 7 and Figure 8. The dimensions of the antennas are W = 60mm, L = 50 mm,
Wi =2.7mm, L; = 3.3mm, Wy = 14.7mm, Ly = 25mm, W3 = 2mm, L3 = 23mm, Ly = 19.5mm,
Ls = 33mm, Lg = 9mm, Ly = 1.67mm, Lg = 15mm and the distance between the antennas is
d = 28 mm. The monopole array is printed on the same FR4 substrate used in the DGS section. As
shown in Figure 7, two units of the proposed DGS section are etched out from the extended ground
plane of the array. This configuration ensures the effective minimization of the mutual coupling between
the elements. The transmission coefficient between the two printed monopoles is determined to gauge
the mutual coupling effect.

Figures 9 and 10 show the simulated and measured S-parameters of the dual-frequency monopole
array with and without the DGS inclusions, respectively. It can be seen that the measured results agree
well with the simulated ones. Without the inclusion of DGS, the coupling coefficient of the array is
about —12.2dB at 2.1 GHz and —12.6 dB at 5.4 GHz. With the DGS etched out of the ground plane, the
reduction of about 10dB at 2.1 GHz and more than 20dB at 5.4 GHz in the mutual coupling between
the antennas is observed. The high port isolation of the monopole array makes it suitable for multiple
antenna communications. The radiation patterns of the array were computed by exciting one of the
antennas and loading the other with a 502 impedance. It is shown in Figure 11 that the radiation
patterns of the monopole array remain their general shapes before and after implementing the DGS
at both resonant frequencies, respectively. However, there are minor variations in the patterns mainly
existing in the lower semisphere due to the increased backward radiation.

4. CONCLUSION

The mutual coupling reduction of a printed dual-band monopole array by using compact DGS has been
described. The effective equivalent circuit model of the DGS section provides a physical understanding
of the problem of the DGS. Good agreement has been achieved among the circuit simulation, EM
simulation and experimental results. With the inclusion of the DGS, the mutual coupling of the array
has been effectively reduced at two resonant frequencies. Increased port isolation makes the array
suitable for applications in multi-antenna wireless communications.
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