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Abstract

In this paper, a novel decoupling technique for closely spaced E-plane patch antennas using
defect ground structure (DGS) is proposed. The electric field coupling between the antennas is
suppressed by etching DGS which consists of a pair of rectangular slots and four stubs on the
ground plane. Moreover, unlike the other methods, the DGS is not etched in the middle of the
antennas but loaded along the outer edge of the radiated patch. Thus, through the adopted
technology the distance between the antenna elements is reduced and the isolation is
increased. To validate the improvements by adopting the proposed technology, the array
with DGS loading has been fabricated and then measured. The measurement results show
that designed antennas have 95 MHz 10-dB impedance bandwidth, which is 25 MHz higher
than that of the antenna without DGS. More importantly, isolation improvements have been
increased from 8.5 to 31.3 dB by using the decoupling technique when the antennas are placed
with a 0.032 A, edge-to-edge distance, where A, is the free-space wavelength. Therefore, this
technique can be widely applied to improve isolation in a compact and low profile antenna
system.

Introduction

Microstrip antenna has the advantages of low profile, lightweight, and easy processing, so they
are widely used in wireless communication systems. In multiple-input multiple-output
(MIMO) system, two closely placed antenna elements get mutually coupled due to electromag-
netic interactions. The high mutual coupling leads to the deterioration of antenna perform-
ance, including mismatching impedance and degrading radiation efficiency. So it is
especially important to reduce the mutual coupling between antenna elements in the
MIMO wireless communication system.

In recently published literature, several approaches were proposed to reduce the mutual
coupling between two antenna elements. In [1-3], by placing a decoupling surface above
the antenna array, the reflected wave is used to cancel the coupling between the antenna ele-
ments, thereby achieving the purpose of improving the isolation. However, the decoupling sur-
face typically has a distance of 0.5 A, from the antenna array, increasing the profile of the
antenna. In [4], Z. Y. Wang places the meta-surface on the antenna array and reduces the
coupling using the band-stop characteristic of the square split ring resonators. Although
the profile is reduced compared with the decoupling surface, the matching of antennas
needs to be readjusted because the medium parameters are changed. In [5], the polarization
conversion isolator is loaded in the 1Xx2 microstrip antenna array and the isolation is
improved 19.6 dB through controlling the polarization of the coupling field. Nevertheless,
after the isolator is loaded between the two antennas, the distance between the antenna ele-
ments is increased.

In MIMO systems, the spacing of antenna elements is a critical part of the design. Multiple
antennas are difficult to integrate into a limited space, so the distance between the antennas
needs to be as small as possible. Defect ground structure (DGS) is usually etched on the
ground plate of the antenna to change the distribution of effective dielectric constant of the
substrate, to change the distributed inductance and capacitance of microstrip line based on
dielectric so that such transmission lines have band-gap and slow wave characteristics in [6, 7].
Previous papers [8-20] have documented the use of DGS to improve the performance of the
antenna. In [13], the isolation of the antenna is improved by etching two 2C-shaped defective
structures between the antennas, so that the port isolation exceeds 20 dB in the operating
band. The S-shaped periodic defected ground structure is etched between the antenna elements
to reduce mutual coupling in [14]. Through observation, we can find that the distance between
the two antennas in the [13] and [14] is 0.31 Ay and 0.24 A, respectively. It is concluded that the
conventional practice which etching the defective structure on the ground plate between the
antennas undoubtedly increases the distance between the antennas. In [20], the DGS is placed
along the edge of the radiation patch to improve radiation properties. Through summarizing
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Fig. 1. Evolution of the proposed DGS design. (a) Stage 1: The DGS only consists of a
pair of rectangular grooves. (b) Stage 2: the DGS with a pair of rectangular grooves
and two stubs. (c)Stage 3: The DGS consists of a pair of rectangular grooves and
four stubs.

the electric field distribution in the substrate, the decoupling mech-
anism can be easily demonstrated.

In this paper, a pair of rectangular grooves with four stubs is
etched along the outer edge of the 1 x 2 E-plane microstrip anten-
nas. In this way, the problem of excessive spacing caused by con-
ventional etching of the DGS between the antennas is avoided.
After simulation and measurement, the isolation between the
antennas is improved by 22.8 dB when the antennas are placed
with a 0.032 4, edge-to-edge distance, achieving a good decoup-
ling purpose.

Antenna design

Three different DGS structures are shown in Fig. 1 to expound the
design process of DGS. In order to avoid the problem of spaces
increasing caused by slot etched in the ground plane between
the antennas, we placed the DGS along the outer edge of the
E-plane microstrip antenna array.

The principle and process of the design can be explained by
analyzing the electric field in the substrate. As can be seen from
Fig.2(a), the electric field in the dielectric substrate is coupled
from the antennal to the antenna2. After etching a pair of rect-
angular slots on the floor, part of the electric field in the substrate
is bound to the slots in Fig. 2(b). This phenomenon indicates that
the proposed way of loading DGS can effectively change the dis-
tributed capacitance of the ground plane, thus preventing electric
field coupling. In order to avoid resonant effect and strengthen
the ability of DGS to restrain energy coupling, stubs are added
into the rectangular slots. Adding a stub in the rectangular slot
respectively, most of the electric field is suppressed around the
stubs. It can be seen from Fig. 2(c) that the electric field is reduced
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Fig. 3. (a) Schematic diagram of the two-element microstrip antenna array without
DGS; (b) Schematic diagram of the antenna array with DGS.

at the outer edge of the antenna2 compared to Figs 2(a) and (b).
To maintain the matching of antennas and guarantee the sym-
metry of the decoupling structure, two stubs are added in the rect-
angular groove in Fig.2(d). The electric field coupled to antenna2
by antennal is almost entirely bound around the reformative
DGS, and the outer edge of antenna2 has almost no electric fields
coupled to it.

The antenna array without DGS and with DGS geometry is
shown in Figs 3(a) and (b), respectively. As shown in Fig. 3(b),
the DGS is etched along the outer edge of the patch. The antenna
array is printed on a 1 mm thick substrate with dielectric constant
2.65 and loss tangent 0.001. And the antennas are excited by a
coaxial connector with 50 Q impedance. After loading DGS, the
position of the feed point remains unchanged. Both of them
working in the same band (center frequency 4 GHz) are placed
with edge-to-edge distance d = 2.4 mm (0.032 A). The dimension
of the antenna array with DGS is: W, =22.2 mm, L, =26.5 mm,
We=45mm, Ry=12mm, d=24mm, W;=269mm, L=
Imm, W,=69mm, L,=04mm, Ly=1625mm, and W,;=
1.3 mm. The overall size of the array is 60.8 x 50.5 x 1 mm”.

The antenna array with and without DGS is numerically simu-
lated by HFSS 15.0. Figures 4(a) and (b) show the current distri-
butions on the ground plane with and without DGS, respectively.
When port 1 is excited, the DGS inhibits the propagation of most
coupling currents. Figure 5 shows the simulated reflection and
transmission coefficient of the microstrip antenna array with
and without DGS. As can be seen in Fig. 5, the 10-dB impedance
bandwidth of the antenna array with DGS (3.93-4.03 GHz) is lar-
ger than that of antenna array without DGS (3.99-4.04 GHz), and
the antenna matching is better, although the center frequency is
slightly offset. It can be concluded from Fig. 5 that the isolation
between antenna elements at the center frequency is only
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Fig. 2. Simulated substrate electric-filed contours (a) without DGS; (b) stagel; (c) stage2, and (d) stage3.
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Fig. 4. Current distributions on the ground plane (a) with DGS and (b) without DGS.
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Fig. 5. Simulated S-parameters for stage 1-3 and array without DGS.
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8.9 dB, this is because the spacing between the antennas is very
small (only 0.032 A,). After the DGS is craved on the ground
plane, the isolation of the antenna array at the center frequency
increases to 27 dB (improved by 18.1 dB).

The reflection and transmission characteristics of the micro-
strip antenna array with the DGS during various stages of evolu-
tion are shown in Fig. 5. It can be seen that with the increase of
the number of stubs loaded in the rectangular grooves, the central
frequency is not only offset, but also matching becomes better and
better. More importantly, the isolation between antennas is also
getting higher and higher. Compared with the array without
DGS, the center frequency of the antenna is slightly offset, but
it can be seen that the isolation and antenna matching have
been greatly improved.

Parameters analysis

Figures 6(a) and (b) show the trend of S;; and S,; with the length
of rectangular slot-W;. With the increase of the W, the distribu-
tion inductance increases, which leads to the maximum isolation
to lower frequency. However, when it is reduced to a certain
length, the maximum isolation within the working bandwidth
disappears, and the decoupling effect of the DGS is lost. By opti-
mization, the matching of antennas and the isolation between ele-
ments can be achieved with satisfactory results. The length of the
stub-W, has little effect on the reflection coefficient, as can be
seen in Fig. 6(c). However, since adding a pair of stubs will
increase the distribution inductance, we can see in Fig. 6(d) that
the change of W, will cause the change of the maximal isolation.
The distance between the rectangular slot and the center of the
antenna is particularly important to suppress the propagation of
the coupled electric field at the radiation edge. Since the DGS
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Fig. 6. Simulated S-parameters of the antenna array with DGS respect to different parameters: (a) S;; of the length of rectangular - Wy; (b) S,; of the length of
rectangular - Ws; (c) Sy, of the length of stub - IW5; (d) S, of the length of stub - W,; () S;; of the distance between the rectangular slot and the center of antenna -
Ls; (f) Sy of the distance between the rectangular slot and the center of antenna - L,
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Fig. 7. Fabricated microstrip antenna array with

DGS; (a) top view (b) bottom view. (a)

changes the electric field distribution in the substrate, the elec-
trical length of the radiation patch is changed, and the center fre-
quency of the antenna tends to be high frequency as the L;
increases in Fig. 6(e). When Ls is small, the electric field bound
by DGS interacts with the electric field generated by the radiation
patch, which affects the antenna matching and the ability of the
DGS to restrain the propagation of coupling electric fields.
Figure 6(f) shows the change of the transmission coefficient of
the antenna with L; and through optimization, it is learned
that the transmission coefficient obtains the minimum value at
the Ls=15.25mm, but at this time the resonant frequency of
the antenna deviates from 4 GHz. Therefore, through comprehen-
sive analysis, it is learned that when L; = 16.25 mm, the antenna
has excellent isolation at the central frequency.

Simulation and measurement results

The proposed antenna array with DGS is designed, constructed,
and measured based on optimized parameter values. When the
reflection coefficient was measured, the antenna 1 is excited,
while the other is terminated with a 50 Q load. Figure 7 shows
the object of the designed microstrip antennas with DGS. Both
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Fig. 8. Simulated S-parameter characteristics of the with and without DGS antenna
array.
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(b)

the antennal and antenna2 are designed to work at 4 GHz fre-
quency, and they are placed with edge-to-edge distance 0.032
Ao, where A is the free-space wavelength at 4 GHz. The reflection
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Fig. 9. Simulated and measured radiation pattern for the arrays at 4 GHz with and
without DGS (antenna 1 excited and antenna 2 terminated by 50 Q); (a) xoz-plane
and (b) yoz-plane.
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Fig. 10. Simulated radiation efficiency of the array with and without DGS.

Table 1. Performance comparison of the proposed DGS and other decoupling
techniques used in recent published literature

Edge to Maximum
edge isolation
Decoupling fo spacing improvement
Papers technique (GHz) (Ao) (dB)
[14] DGS 2.57 0.24 40
[21] Resonator 5.25 0.50 44
[22] UC-EBG 5.05 0.22 16
[23] PCR 3.5 0.07 26.2
Proposed DGS 4 0.032 22.8

Bold italics significance is to emphasize the difference between the decoupling method
proposed in this paper and other literatures.

coefficient and the transmission coefficient of the manufactured
antenna are measured for a frequency range from 3.5 to
4.5 GHz. Figure 8 shows the simulated and measured S para-
meters of the microstrip antennas with and without DGS. On
the whole, the changing trend of S parameters is the same as
that of simulation results. According to Fig. 8, the measurement
results show that the 10-dB impedance bandwidth of the antenna
at 4 GHz is 95 MHz (3.950-4.045 GHz), which increases the
bandwidth of the antenna by 20 MHZ compared to the non-
loaded DGS. Nevertheless, due to the processing errors, the mea-
sured reflection coefficient is slightly different from the simulation
results. In addition, after etching the DGS, the isolation between
the antennas reached more than 20.1 dB within the —10 dB work-
ing bandwidth, with a maximum value of 31.3 dB: an increase of
22.8 dB is observed (from 8.5 to 31.3 dB).

The measured and simulated radiation patterns of the arrays
are shown in Figs 9(a) and (b). According to Fig. 9, we can see
that the measurement results are in good agreement with the
simulation results. In addition, by comparing with the array with-
out DGS, the main lobe direction of the antenna is not offset.
Unfortunately, for the decoupling method of etching slots in
the ground plate, the back lobe of the antenna will inevitably
increase. As can be seen from Fig. 10, within the 10-dB imped-
ance bandwidth, radiation efficiency of the antenna with DGS is
only 0.1 lower than that without loading the DGS.
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Tablel compares the proposed DGS in this paper with other
decoupling techniques presented in the literature. Compared with
the same mechanism of loading DGS, the proposed loading
LDGS along the outer edge of the radiation patch effectively reduces
the edge-to-edge distance. In contrast to other decoupling techni-
ques, the proposed decoupling technique can achieve high isolation
between antennas in the case of close antenna spacing. Through
comparison, it can be concluded that this decoupling technique
can be applied to the closely spaced microstrip antenna array.

Conclusion

In this paper, a novel DGS is proposed to enhance isolation
between microstrip antenna elements. The DGS effectively inhi-
bits the propagation of the electric fields to reduce mutual coup-
ling. Moreover, the structure is etched along the outer edge of the
radiation patch to reduce the spacing of the array. Through the
simulations and measurements, the proposed DGS provides a
maximum isolation enhancement of 22.8 dB with respect to the
isolation passes from 8.5 to 33.1 dB within working bandwidth
and the impedance bandwidth is increased by 20 MHz when
the antennas are placed with a 0.032 4, edge-to-edge distance.
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