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One efficient approach is introduced in this paper to reduce mutual coupling and correlation coefficient for two closely placed
PIFAs in a handheld device. The approach is based on one miniaturized structure which consists of two metallic layers, printed
on either side of one thin dielectric layer. Due to the small spacing between two conducting patches, high electromagnetic field is
induced within the dielectric layer. The geometry and position of this structure have been modified to decouple the PIFA array at
1.9 GHz and produce maximum miniaturization thereby occupying less space on a handheld device ground plane. By employing
the proposed structures, a 20 dB reduction in mutual coupling is achieved.The correlation coefficient also reduces to 0.007278.The
performance of the structure is validated by both simulated results andmeasured data obtained from several fabricated prototypes.

1. Introduction

Nowadays, the huge demands for data rate result in serious
technology challenges for a next generation wireless commu-
nication system. As one solution, Multiple-Input-Multiple-
Out (MIMO) has been proposed as an efficient method
to increase wireless channel capacity by using multiple
antenna elements without additional spectrum and power
[1]. Nonetheless, in a compact mobile terminal, the limited
interval will produce high mutual coupling and correlation
coefficient between adjacent antenna ports and eventually
degrade the system performance [2]. As such, in recent
years, some researches have been presented to reduce mutual
coupling effects and correlation coefficient, especially for
compact mobile terminal. In [3], a spiral defected microstrip
structure is employed to significantly reduce the mutual
coupling for patch antenna array. A waveguide metamaterial
realized by crossed-meander-line slits is proposed as an
efficient method to mitigate the mutual coupling problem in
[4]. Another technique, based on folded split-ring resonators
(FSRRs), is proposed to enhance isolation between antenna
elements in [5]. Recently, a novel miniaturized Complemen-
tary Metallodielectric Electromagnetic Band Gap (CMEBG)

structure was presented to suppress surface wave propagation
and to offer a small structural footprint thereby occupying
very little space on a compact ground plane [6]. Also,
the complex DGS (Defected Ground Structure) has been
investigated for different antenna types [7, 8].

Based on these researches, in order to further miniaturize
the dimension of the structure, one novel miniaturized
double-layered structure is proposed for decoupling PIFA
MIMO array in a handheld device in this paper. Here, one
conducting patch is employed for placement on ground
plane; strong coupling is produced within the separation
region thus resulting in the double-layered structure. There-
fore, one microstrip line excitation is initially employed,
compared to any complex antenna array, for analyzing the
stop-band/band gap properties of the proposed structures.
By appropriately optimizing the dimensions and position of
the structure, high mutual coupling between two PIFA ele-
ments has been restrained.Moreover, the proposed structures
occupy small space, allowing for the constraints of limited
space and increasing flexibility in their applications for other
electronic components installment. Fabricated prototypes
have been experimentally tested and themeasurement results
are presented, validating the simulated designs.
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Figure 1: Schematic view of double-layered structure with microstrip line.
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Figure 2: (a) Single convoluted slit is inserted in the ground plane. (b) Proposed convoluted double-layered structure.

2. Double-Layered Structure Design

The configuration of designed double-layered structure with
one microstrip line is presented in Figure 1. Two metallic
layers are printed on either side of one thin dielectric
structure. Due to small thickness of dielectric structure
(55 𝜇m), high EM coupling is induced between the two
metallic layers [9, 10].The function of the proposed structures
could be described using an equivalent circuit of capacitive
and inductive loads between the ports. A parallel LC circuit
approximately describes one unit cell (single resonator) of
the double-layered structure. The resonant frequency of the
single double-layered resonator can be obtained from [11]:

𝑓 =
𝜔

2𝜋
=
1

2𝜋√𝐿𝐶
, (1)

where 𝐿 is the inductance produced by the currents flowing
on the patches and ground plane. The capacitance 𝐶 of
the structure is predominantly produced by the two closely
spaced parallel conducting elements separated by distance 𝑑
and is obtained from

𝐶 = 𝜀
𝑟
𝜀
0

𝐴

𝑑
, (2)

where 𝐴 is the overlapping area of the conducting elements,
𝜀
𝑟
is the relative static permittivity, and 𝜀

0
is the free space

permittivity. The distance 𝑑 between the two layers remains
the same (55𝜇m) for all designs in this paper and is small
enough to produce high capacitance. Also, when the width
of the conductor patches increases, the overlap area 𝐴 will
increase and result in a high value of capacitance. Therefore,

Table 1: Dimensions of the proposed structure.

Parameters 𝐿
1
𝐿
2
𝐿
3
𝐿
4

Sw Pw Pl
Values/mm 6 14 5 10 1.61 15.5 0.5

the resonance is expected tomove towards lower frequencies.
It is expected that the band gap could be shifted by changing
the width of the conducting patches. The bandwidth can be
calculated from the formula given below and corresponds to
the width of the surface wave band gap [11]:

BW = 1
𝑄
=
√𝐿/𝐶

√𝜇
0
/𝜀
0

. (3)

When the area of conducting patch increases, the higher
capacitance causes the stop-band bandwidth to reduce.

In order to verify the stop-band effect of the double-
layered structure, one microstrip line is printed on a 100mm
× 40mm × 1.5mm polyester dielectric sheet and placed at
the top of a FR-4 dielectric substrate for excitation. Initially,
one slit is meandered thereby increasing the electrical length
and takes up less area on the ground plane shown in
Figure 2(a). The convoluted shaped slit is inserted into the
ground plane and optimized to resonance at 1.7 GHz. Also,
one 15.5mm length and 0.5mm width conducting patch is
placed on the slit, thereby forming the proposed double-
layered coupling structure, as depicted in Figure 2(b). The
geometry with detailed dimensions of the double-layered
structure is illustrated in Table 1.

The effect of the proposed double-layered structure is
analyzed through simulated 𝑆

21
response with different patch
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Figure 4: Two identical double-layered structures implemented on
the ground plane.

width. As depicted in Figure 3, it is obvious that the proposed
double-layered structure acts as a band-stop filter. With the
width varying from 0.25mm to 1mm, the resonant frequency
of 𝑆
21

shifts from 1.43GHz to 1.2 GHz. This design occupies
a small footprint near the edge of the ground plane which
can be advantageous for use in compact devices with a
large number of electronic components installed on the
ground plane. However, after employing the double-layered
coupling structure, the increase in the capacitance results
in the bandwidth decreasing when the overlapping area is
increasing, as expected above.

In order to obtain more bandwidth, two identical struc-
ture elements are employed, as shown in Figure 4.Thedimen-
sions of the structure elements are kept the same as before.
The spacing between two structures is 8mm. As represented
in Figure 5, the cut-off frequency of the band gap slightly
decreased.However, it is evident that the bandwidth increases
considerably after employing two structure elements. These
simulated results are encouraging since the proposed double-
layered structure is able to support an expected bandwidth by
increasing the number of the proposed structure elements.

3. Decoupling PIFA Array

A model of PIFA array, designed for handheld devices,
is illustrated in Figure 6. The antennas are mounted on a
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Figure 5: Simulated 𝑆
21
with one or two double-layered structures.

Table 2: Dimensions of the proposed structure.

Parameters 𝐿
1
𝐿
2
𝐿
3
𝐿
4

Sw Pw Pl
Values/mm 4 10.7 3 8.5 1.61 15.5 0.5

100mm × 40mm FR-4 dielectric substrate, which has a
thickness of 1.2mm and a relative permittivity of 4.5. The
PIFA elements are designed to operate at 1.9 GHz. At this
frequency, the two PIFAs are approximately half-wavelength
apart (90mm) and exhibit an 𝑆

21
of about −10 dB, as shown

in Figure 7(a). In order to reduce the mutual coupling,
the double-layered structure is implemented, as shown in
Figure 6(a). The detailed size of the structure is presented
in Table 2. By employing two double-layered structures on
either side of the ground plane, a sharp transmission mini-
mum is obtained at 1.88GHz with 𝑆

21
reduced to −27 dB as

shown in Figure 7(b). Both antennas remain well matched
at the desired frequency where the double-layered structure
resonates. As expected, the bandwidth of 𝑆

21
does not accom-

modate the resonant frequency of the antennas. To obtain
the desired bandwidth, four coupling structure elements are
employed and placed between two PIFAs. As presented in
Figure 6(b), the separation between two slits is 10.25mm, and
the distance between two patch edges is 5mm. Figure 7(c)
illustrates the measured S-parameter of PIFA array with four
coupling structures. At the resonance of the double-layered
structures (1.9 GHz), both antennas are matched (S

11
<

−10 dB and S
22
< −10 dB). Furthermore, the measured 𝑆

21
in

the presence of four coupling structures decreases to −35 dB
at 1.9 GHz.Themeasured bandwidth (−15 dB) of 𝑆

21
increases

to 150MHz which is much better than the original design.
In order to know the mechanism of the proposed struc-

ture, the surface current of the PIFA array is presented in
Figure 8. When the antenna array is placed on a traditional
ground plane, it can be observed that high concentration
of current is induced on the antenna element on the right
when the left antenna element is excited, as illustrated
in Figure 8(a), thus producing high mutual coupling. By
employing the double-layered structure, the surfaced current
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Figure 6: (a) Two-element PIFA array with (b) two convoluted double-layered structures and (c) four convoluted double-layered structures.

is trapped thus resulting in less induced current on the right
antenna, as shown in Figure 8(b). Therefore, a mutual cou-
pling reduction between two PIFAs has been obtained.This is
attributed to the stop-band effect of the double-layered struc-
tures. The radiation patterns of the proposed UWB antenna
array for the two cases are presented in Figure 9. As the
surface currentwhich is distributed on the ground is not sym-
metric along the y-z plane, after the proposed structures are
employed, the far field has been affected. However, as the cou-
pling between antennas reduced, the gain has been improved.

In order to investigate the correlation between two anten-
nas, based on the S-parameter, the correlation coefficient is
calculated by a formula [12]:

𝜌e =

󵄨󵄨󵄨󵄨𝑆
∗

11
𝑆
12
+ 𝑆
∗

21
𝑆
22

󵄨󵄨󵄨󵄨
2

(1 − (
󵄨󵄨󵄨󵄨𝑆11
󵄨󵄨󵄨󵄨
2

+
󵄨󵄨󵄨󵄨𝑆21
󵄨󵄨󵄨󵄨
2

)) (1 − (
󵄨󵄨󵄨󵄨𝑆12
󵄨󵄨󵄨󵄨
2

+
󵄨󵄨󵄨󵄨𝑆22
󵄨󵄨󵄨󵄨
2

))

. (4)

The correlation coefficient of all cases, namely, the
antenna array without and with two and four double-layered
structures, is presented in Figure 10. Compared with a
convolutional ground plane, the correlation coefficient is
significantly reduced by employing the double-layered struc-
tures. It is obvious that one minimum value of less than
0.007278 is obtained after the four double-layered structures
are implemented. It is a very reasonable efficiency value and

demonstrates that the mutual coupling reduction is not due
to losses. Also, the total efficiency has been calculated and
presented in Figure 11.Withmore proposed structures having
been employed, the total efficiency increases at the resonated
frequency.

4. Conclusions

A novel approach for mutual coupling reduction is presented
by using double-layered coupling structures. A LC circuit
description was analyzed for a qualitative explanation of
the proposed structure. Simulated S-parameters as well as
measurements of fabricated prototypes are presented. The
two and four structure elements are employed to produce
a 20 dB reduction in mutual coupling for the PIFAs array.
The S-parameter, surface current, and correlation coefficient
were studied, validating the effect of the proposed structures.
Also, the proposed structures which have small footprint are
positioned close to the edges of the ground plane thereby
occupying less space.
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Figure 7: Simulated and measured S-parameters of the PIFA array (a) without and (b) with two and (c) with four double-layered structures.
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Figure 8: Current distributions of the two PIFAs (a) without and (b) with two double-layered structures.
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Figure 9: Far field of the two PIFAs (a) without and (b) with two double-layered structures.
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