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Abstract – An efficiently-decoupling method for
multiple-input multiple-output (MIMO) antenna systems
is proposed in this paper. A planar-modified monopole
antenna operating at the WLAN band is chosen as the an-
tenna unit. The antenna structure is based on the printed
circuit board technique. By observing and analyzing the
ground plane’s field distribution generated by high-order
modes, it is found that several stable minimum current
points can be excited along the edges of the ground
plane. In doing so, a high isolation can be obtained if the
other antenna is placed at one of these points. The mea-
sured results and simulated results have a good agree-
ment with each other, which well validates the proposed
design concept. In addition, compared with the tradi-
tional decoupling technology, this method can improve
the isolation between antennas without adding additional
structures, which has excellent practicality in wireless
communication system applications.

Index Terms – decoupling, MIMO, wireless communi-
cation system, WLAN.

I. INTRODUCTION
Nowadays, multiple-input multiple-output technol-

ogy (MIMO) has been widely applied to modern wire-
less communication systems [1, 2]. However, as limited
by internal space in some specific terminal devices, the
mutual coupling of MIMO antennas will inevitably incur
in these devices [3]. If the mutual coupling problem is
not resolved properly, the antenna’s radiation efficiency
will be significantly influenced, which will largely dete-
riorate the communication performance.

To reduce the mutual coupling between adjacent an-
tennas, a lot of decoupling methods have been proposed
[4–10] and one of the effective methods is to place a
defective ground structure (DGS) between two adjacent
antennas [11]. To further reduce the degree of mutual
coupling, parasitic loading is introduced to generate con-
trary coupling, while [12] has proposed the technique of
embedding non-radiating elements between antenna ele-
ments to alter the current distribution that results in af-
fecting the antenna radiation and achieves the purpose
of reducing the mutual coupling. However, the above
methods [11, 12] usually require enough spacing among
antenna units, increasing the whole size of the antenna
system. Thus, to reduce the size and simplify the de-
coupling network, another effective technique to achieve
good mutual decoupling is introducing a decoupling net-
work using reactive lumped elements [13]. Although this
method can obtain good impedance matching, as well as
high port-to-port isolation of the entire antenna system,
the introduction of the reactive lumped components will
produce parasitic effects, and the antenna efficiency will
not be very high.

Even though all the aforementioned methods can
achieve good mutual decoupling between adjacent an-
tennas, they also have some limitations and compli-
cations. For example, if the ground size of the two-
antenna MIMO system is relatively small, it will be
very challenging for the antenna engineer to select the
optimized positions that can yield the best isolation
level between the antennas. Thus, it is imperative to
seek a method with a lesser complex design, appli-
cable to smaller ground plane sizes, and not involve
any additional decoupling network. This paper proposes
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a method of achieving good mutual decoupling between
two adjacent monopole antennas without the need to
load any additional complicated decoupling network.
The monopole antennas are placed at the selected min-
imum points generated by one of MIMO antenna while
observing along the edges of the ground plane, and a high
isolation between the two adjacent monopole antennas
can be obtained in a small space (or ground size), which
can achieve a compact size of the WLAN terminals (like
routers), as well as a high radiation efficiency.

II. ANTENNA STRUCTURE
For easy illustration, the MIMO antenna system is

simplified, as shown in Fig. 1. It is mainly composed of
the ground plane and the monopole antennas, which are
placed perpendicularly to the ground plane. To form a
dual-antenna MIMO system with the proposed decou-
pling technique, after Antenna 1 (Ant. 1) is fixed on the
ground plane, Antenna 2 (Ant. 2) can be freely placed on
the platform. In particular, Ant. 2 is sequentially moved
from points 1 to 6 on the ground plane during the de-
sign investigation. The points’ positions are the same as
those shown in Fig. 2 (a). According to the dimensions
marked in Fig. 3 (b), the size of the ground plane is: L
= 170 mm and W = 80 mm, and the dimensions of the

(a)

(b)

Fig. 1. Physical structure of the proposed MIMO an-
tenna. (a) 3-D view of the whole antenna. (b) The de-
tailed structure of the two antennas.

(a) (b)

Fig. 2. Configuration of the proposed MIMO an-
tenna system. (a) Positions of Ant. 2. (b) Dimensional
parameters.

Fig. 3. Simulated E-field distribution on the ground plane
at different phases. (a) 0◦. (b) 45◦. (c) 90◦. (d) 135°.

monopole antenna are L1 = 50 mm and W1 = 13 mm.
The physical dimension of Ant. 1 and Ant. 2 are iden-
tical. The dimensions are L4 = 66 mm, W2 = 64 mm,
and L5 = 66 mm when Ant. 2 is placed at points 1 - 3 .
In the case that Ant. 2 is located at points 4 - 6 , the
dimensions are L6 = 74 mm, W3 = 50 mm, and L7 =
73 mm. The monopole antenna is designed using FR-4
PCB board with a thickness of 1.0 mm (εr = 4.4, tanδ =
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0.02). In addition, the ground plane is also made up of
an FR-4 substrate with 1.6 mm thickness. Table 1 tabu-
lates the optimized dimensions of the proposed MIMO
antenna system.

Table 1: Dimensions of the antenna system
Parameter Value Parameter Value
L 170 mm L5 66 mm
W 80 mm L6 74 mm
L1 50 mm L7 73 mm
W1 13 mm W2 64 mm
L2 24 mm W3 50 mm
L3 23 mm H1 1.0 mm
L4 66 mm H2 1.6 mm

III. WORKING MECHANISM OF THE
PROPOSED DESIGN

A. Minimum point of field distribution on ground
As is well known, a monopole antenna can excite

two traveling waves on the ground plane, which prop-
agate in opposite directions along the edges [14], [15].
When these two traveling waves overlap with each other
at the edges of the ground plane, an extra standing wave
region can appear between the two traveling wave re-
gions. The standing wave region contains a stable mini-
mum point, while the traveling wave one contains a prop-
agation minimum point.

The simulated electric field (E-field) distribution on
the ground plane at 2.4 GHz at four different phases is
shown in Fig. 3. It can be observed that six field ampli-
tude minima are found on the ground plane marked by
1 , 2 , 3 , 4 , 5 , and 6 , respectively. Black color

numbers refer to stable minimum points under the con-
ditions of different phases, while the red ones refer to
the unstable minimum points, which move along with
the phases. Besides, the direction of the minimum trav-
eling points is represented by the red arrows. While the
black ones show the area covering the stable minimum
points. The minimum points 1 and 3 are placed at the
left edge of the ground plane, and they propagate along
the edge from the bottom to the top when the phase of
the E-field changes. The minimum point 2 is placed at
the bottom edge of the ground plane and moves from left
to right along the bottom edge of the ground plane. The
minimum point 5 is placed at the upper edge of the
ground plane and moves from left to right along it. On
the contrary, the minimum points 4 and 6 are placed
at the right edge of the ground plane, these points remain
unchanged with the variation of the phase of the E-field.

B. Performance of MIMO antenna system
The configuration of the proposed MIMO antenna

system is provided in Fig. 2. Two monopole antennas op-

erating at 2.4 GHz, i.e., Ant. 1 and Ant. 2, are utilized in
this system. The E-field distribution on the ground plane
is influenced by following factors: the antenna’s size, the
antenna’s position, the shape of the ground plane, and the
size of the ground plane. To obtain better isolation in the
MIMO antenna system while Ant. 2 is placed at different
minimum points, the size of the antenna and its ground
plane should be slightly modified.

Figure 4 shows the simulated E-field when Ant. 2
is placed at the minimum points 1 - 6 , which indicates
that both Ant. 1 and Ant. 2 are located at the minimum
points excited by the other antenna.

The simulated S-parameters in this case are shown in
Fig. 5. S11 and S22 at 2.4 GHz at each minimum point are
below -18 dB, but the isolation level is different. When
Ant. 2 is placed at the points 1 , 2 , and 3 , the iso-
lation is approximately 12.5 dB, 15 dB, and 15 dB, re-
spectively. Therefore, one can conclude that when Ant. 2
is placed at the traveling minimum point, the E-field ex-
cited by Ant. 1 is nearly zero in some particular phases
around Ant. 2. Ant. 2 can still be coupled via the E-field,
and energy is still transmitted between the MIMO an-
tennas, so the isolation is not well. As can be seen in
Fig. 5 (b), when Ant. 2 is placed at the stable minimum
point, the isolation of the dual-monopole MIMO antenna
system has a better isolation level at around 2.4 GHz.
Specifically, when Ant. 2 is placed at points 4 and 6 ,
the isolation is better than 22.5 dB and 25 dB respec-
tively. In addition, when the antenna is at minimum point
5 , the isolation is approximately 25 dB. When Ant. 2 is

placed at these positions, the E-field around Ant. 2 is al-
ways close to zero. In this case, the energy transferred
between the antennas is very weak, so the isolation is
largely improved. Hence, a significant improvement can
be obtained by optimizing the positional isolation of the
MIMO antennas.

Fig. 4. Simulated E-field distribution when Ant.2 is
placed at different points. (a) point 1 . (b) point 2 . (c)
point 3 . (d) point 4 . (e) point 5 . (f) point 6 .
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Fig. 5. Simulated S-parameters: Ant. 2 placed at the min-
imum points. (a) points 1 - 3 . (b) points 4 - 6 .

The simulated 3-D radiation patterns when Ant. 2 is
placed at different minimum points are shown in Fig. 6,
from which it can be observed that the radiations are not
very stable when Ant. 2 is placed at the minimum points
1 , 2 , and 3 . However, if Ant. 2 is placed at the points
4 , 5 , and 6 , the radiation pattern is approximatively

omnidirectional.

C. Parametric study
To in order to achieve the desired MIMO antenna

system, the dimensions of the antenna radiator and the
ground plane can be slightly modified to reach better iso-

Fig. 6. The 3-D radiation patterns when Ant. 2 is placed
at the minimum points 1 - 6 .

lation when Ant. 2 is moved to different minimum points.
This paper performs a parametric study to find

the optimum antenna position with the best isolation.
Figure 7 shows the simulated reflection coefficient and
isolation at different ground plane lengths (L). As the
length increases, the isolation first increases and then
decreases. When L = 170 mm, the entire working fre-
quency band has the best isolation. In contrast, the re-
flection coefficient of the two antennas has only a slight
change, which shows that the length of the ground plane
will only have a certain impact on the isolation. Figure 8
shows the simulated S-parameters of the different an-
tenna spacings (L6). With the increase of L6, the re-
flection coefficient of the MIMO antennas basically does
not change, but the isolation becomes worse. This shows
that better isolation can be obtained only when Ant. 2 is
placed at a proper position.

According to the previous analysis, it can be con-
cluded that by changing the ground plane length, an-
tenna spacing and other parameters, the reflection coeffi-
cient of the two antennas would not change significantly,

Fig. 7. Simulated S-parameters with different ground
lengths (L).
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Fig. 8. Simulated S-parameters with different antenna
spacings (L6).

and their isolation could be affected to a certain extent.
Therefore, it is necessary to select proper design parame-
ters and ensure that there is the best isolation at 2.4 GHz
to get the most compliant MIMO antenna system.

IV. RESULTS ANALYSIS
Figure 9 shows three prototypes of the proposed

MIMO antennas for WLAN terminal application. The
size of the prototypes is similar to a typical Wi-Fi router
in the commercial market. The antennas’ location corre-
sponds to Ant. 2 placed at the minimum point 3 , point
4 , and point 6 . As shown in Fig. 9, the two monopole

antennas are printed on the FR-4 dielectric substrate and
fed with SMA connectors. To verify the operational char-
acteristics, the proposed MIMO antennas are fabricated
and measured.

As shown by the comparison chart in Fig. 10, there
is a good agreement between measured and simulated
results. It can be seen from Fig. 10 (a) that if Ant. 2 is
placed at the point 3 , S11 and S22 are both greater than
-10 dB, and the port-to-port isolation is better than 15
dB at the operating frequency. Figures 10 (b) and 10 (c)
show that when Ant. 2 is placed at stable minimum point
4 and point 6 , S11 and S22 are also both below -10

dB, while the isolation can be improved to 20 dB. Com-
pared with Fig. 10 (a), S11 and S22 are almost identi-
cal, but the isolation is improved. Generally, a larger dis-
tance between the monopole antennas will result in a bet-
ter isolation. However, in the proposed MIMO antenna
system, compared with Ant. 2 placed at the point 3 ,
the spacing between the antennas is obviously shorter
when Ant. 2 is at minimum point 4 , but its isolation is
increasing.

Fig. 9. Prototypes of the proposed MIMO antenna (three
prototypes placed next to each other).

Figure 11 shows the comparison of the simulated
and measured radiation pattern of proposed MIMO an-
tennas in E-plane (xoz) and H-plane (you) at 2.4 GHz.
It can be seen that the measurement result is approach-
ing the simulation result. The results show that the peak
achieved gain of Ant. 1 and Ant. 2 are both greater than
2.7 dBi.

To verify the diversity performance of the designed
MIMO antenna system, Table 2 shows the envelope cor-
relation coefficients (ECC) when Ant. 2 is placed at min-
imum point 3 , point 4 , and point 6 . ECC describes
the level of channel independence, which is frequently
used to evaluate the performance of the MIMO antenna
system. The larger mode diversity of different antenna el-
ements will produce lower ECC values, so for the MIMO
antenna system, the smaller the value of ECC is, the
weaker the coupling between antennas would be. It can
be seen from the table that when Ant. 2 is at minimum
point 3 , the ECC increases; on the contrary, when it is
at stable minimum point 4 and 6 , the ECC decreases,
which means the coupling between antennas is weaker.
This further verifies that Ant. 2 has better radiation per-
formance when it is at the stable minimum point.

V. CONCLUSION
This paper proposes a method for efficiently decou-

pling the monopole antennas from the ground plane un-
der the operation of high-order modes, which is suitable
for WLAN MIMO platform applications. The monopole

Table 2: ECCs of the proposed MIMO antenna
Minimum
Point 3

Minimum
Point 4

Minimum
Point 6

ECC 0.057 0.024 0.018
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(a)

(b)

(c)

Fig. 10. S-parameters of measurement and simulation
when Ant. 2 is placed at different points. (a) point 3 .
(b) point 4 . (c) point 6 .

(a)

(b)

(c)

Fig. 11. The 2-D radiation patterns of measurement and
simulation when Ant. 2 is placed at different points. (a)
point 3 . (b) point 4 . (c) point 6 .

antenna will generate a particular electric field dis-
tribution on the ground plane under the operation of
high-order modes. These high-order modes will pro-
duce some stable E-field points. Then, by placing the
other monopole antenna at these points, high isolation
can be obtained between these two antennas without af-
fecting their operation. This attractive method can real-
ize the decoupling between antennas without utilizing
extra elements or another decoupling network, which
can make the decoupling mechanism simpler and also
has a higher isolation value.
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