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Abstract

A simple compact H shaped MIMO antenna for WLAN application at resonating frequency 5.8 GHz is propose
in this paper. The center to center spacing between closely placed H shaped MIMO antenna is 0.311A0. The
mutual coupling between the proposed antenna is reduced by using dumbbell shaped DGS at the center of the
groundplane. These dumbbell shape defect act as bandstop filter because of its inductance and capacitance
effect, helps to suppress the surface wave propagation of waves. The filter characteristic of the dumbbell shaped
DGS is studied to achieve isolation over the 5.725-5.875 GHz frequency band. Further the parametric study
such as length, width and the spacing of dumbbell shaped DGS is optimized and studied in order to achieve
good isolation among the MIMO antenna elements. The proposed MIMO structure is fabricated on low cost
FR4 substrate having thickness of 1.6mm and the overall dimension of MIMO antenna is 40mm x 24 mm
leading to compact size of antenna. The mutual coupling reduces from 24 dB to 34 dB by placing dumbbell
shaped DGS. The envelope correlation coefficient for the proposed antenna is below less than 0.04 dB for the
operating frequency band. The proposed H shaped MIMO antenna is tested and the measured result follows the
simulation results. Therefore the proposed antenna is a good candidate for WLAN application.

Index Terms: DGS (Defected Ground Structure), Mutual coupling, ECC (Envelope correlation coefficient),
Isolation, Parasitic Elements, EBG (Electromagnetic Bandgap Structure)

© 2017 Published by MECS Publisher. Selection and/or peer review under responsibility of the Research
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1. Introduction

Due to rapid increase in the demand of capacity and data rate in wireless communication systems, MIMO
antenna came in to existence. Earlier, the SISO (Single Input and Single output) system in which single antenna
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was employed to transmit and receive the data efficiently was employed. But this system cannot fulfill the
demands of higher data rate due to its limited bandwidth handling capacity and they also suffer from multipath
fading which reduces the signal to noise ratio level of the received signal [1-2]. The MIMO antennas use many
antenna at the transmitter and at the receiver side to increase the capacity and throughput of system. The
capacity of channel is well utilized in MIMO antenna without using extra spectrum and radiation power [3].
Besides these MIMO antennas uses various diversity schemes such as polarization diversity, pattern diversity
and space diversity to overcome the multipath fading. Although MIMO antenna has several advantages, the
challenge lies in the designing of efficient MIMO antennas [4]. The MIMO antenna design should be compact,
have good impedance bandwidth, less VSWR, less mutual coupling and good radiation properties over the
operating frequency band so that it can be easily integrate and can be efficiently used for many applications
such as WLAN, Wi-Fi, WI-Max, LTE , Bluetooth, UWB etc.

Many researchers had studied different technique such as parasitic elements, EBG structure, metametarial,
DGS, etc to reduce the mutual coupling between MIMO antenna elements [5-18]. Electromagnetic bandgap
structure (EBG) also known as photonic bandgap structure is widely used for improving the isolation between
MIMO antenna elements. They have bandgap characteristic to suppress the surface wave. The design of EBG
structure are done in such a way that the resonating frequency of bandgap should coincide with the operating
frequency band of MIMO antenna so as to have huge isolation over the operating bandwidth [5-6]. The
mushroom like EBG structure has been placed in between E and H coupled microstrip array to improve the
isolation by 8 dB [7]. The dispersion diagram of EBG structure showing the suppression of surface wave is
studied by FDTD simulation. An S shaped EBG structure is placed in between MIMO antenna having
dimension of 38 mm> 68 mm to improve the isolation by 20 dB [8]. The bandgap of mushroom and fork type
EBG structure for frequency 8.5-11.5 GHz and 9.1- 10.7 GHz is studied and they are employed in microstrip
array for reduction of mutual coupling of about 60 dB [9]. The EBG increases the complexity in designing and
fabrication process of MIMO antenna.

Metamaterial has been used in recent years to reduce the mutual coupling in MIMO antenna elements [10-
13]. Metamaterial are basically artificially materials that have negative permeability and permittivity which can
be realized in the form of split ring resonator (SRR) or meander lines. A compact PIFA antenna fabricated on
FR-4 substrate with SRR structure is used in between to lower the mutual coupling by 6 dB [10]. The isolation
of 45 dB is improved by modified SRR in shape of circle between the dielectric resonator antennas working at
60 GHz frequency [11]. Complementary Split ring resonator comprises of annular rings with slit at opposite
end is employed to lower the mutual coupling between MIMO antenna [12].This annular ring contributes to
negative permeability and negative permittivity which improves the isolation. The mutual coupling between
meander line antennas at 2.4 GHz is reduced by using labrynith SRR to have improved isolation of 45 dB and
envelope correlation coefficient of 55 dB [13]. The SRR thus used is difficult to design and incorporate
between MIMO antenna elements. The use of parasitic elements has been reported in [14-15] to improve the
isolation.

U shaped parasitic element is placed between suspended MIMO antennas at 2.44 GHz frequency to lower
the mutual coupling by 38 dB [14]. The advantage of using parasitic element is its simple to fabricate. Further
F shaped parasitic element which is fabricated on the other side of substrate has been reported for dual band
MIMO antenna operating at 2.5 GHz and 5.2 GHz frequency [15]. The parasitic patch is electromagnetically
coupled to antenna and it also helps to improve the gain of the antenna. Besides above all method for the
reduction of mutual coupling, defected ground structure is widely used because it is simple to fabricate with
less complexity [16-20]. Defected ground structure introduces defect in the ground plane which disturb the
current distribution of the ground plane thus affecting the resonant frequency of the antenna and improving the
isolation. A MIMO antenna with edge to edge spacing of 0.260 A operating at frequency 9.1 GHz is designed
[16]. Three rectangular slit as a defects is introduced in the ground plane to improve the isolation by 35 dB. The
dimension and position of slits has been optimized to have huge isolation over the operating band. With help of
stub and small strip, isolation between compact square monopole antennas is improved [17]. The monopole
antenna has wide bandwidth (3.1-10.6 GHz) with envelope correlation coefficient of 0.2 dB as well as stable
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radiation pattern over the bandwidth. A new tree shape DGS having three branches has been incorporated in
between UWB band antennas to have S»< -16 dB over the entire band [18] The overall dimension of UWB
antenna is 35 mm x 40 mm and is fabricated on taconic dielectric substrate.

A PIFA antenna with side to side spacing of 10 mm is designed on FR-4 Substrate at frequency 2.31 GHz
[19]. The isolation of about more than 20 dB between these elements is achieved by placing number of slits in
the ground plane. This proposed technique can be applied to more than three or four antenna elements. Two
elliptical patches placed at an angle of 45° with respect to each other with the supplementary ground are
proposed [20]. The slit is etched at the center of the groundplane, thus improving the isolation by 25 dB at 2.4
GHz. The design is easy to fabricate and have good impedance bandwidth with improved radiation
characteristic. A compact multiband U shaped monopole for WLAN, Wi-MAX and lower UWB applications
has been reported [21]. Mutual coupling less than -18 dB is achieved between multiband MIMO antenna is
obtained by incorporating three dumbbell shaped DGS at the center of the ground plane. Reduction of mutual
between closely placed MIMO antennas at 5.8 GHz is done by using transmission line [22]. The parameter of
transmission line is optimized to have a isolation of 48 dB.

In this paper, a compact H shaped MIMO antenna has been designed. To improve the isolation between H
shaped compact MIMO antennas, a dumbbell shaped DGS is used. This dumbbell shape defect act as bandstop
filter because of its inductance and capacitance effect, helps to suppress the surface wave propagation and
hence improve the isolation. The filter characteristic of the dumbbell shaped DGS is studied to obtain isolation
over the 5.725-5.875 GHz frequency band. Further the parametric study such as length, width and the spacing
of dumbbell shaped DGS is optimized and studied in order to achieve good isolation among the MIMO antenna
element. The mutual coupling reduces from 20 dB to 34 dB by placing dumbbell shaped DGS.

2. Antenna Design and Results

A compact H shape antenna with center to center spacing of 0.311A0 is designed in this paper as shown in
Fig.1 (b). The antenna is fed by coaxial probe and constructed on FR-4 substrate having thickness of 1.6 mm
and dielectric constant of 4.4. The simulated S;;<-10 dB over 5.725-5.875 GHz frequency but S, is still high
leading to mutual coupling between the H shaped antenna elements. To improve the isolation between these
two H shape MIMO antenna elements, a dumbbell shaped DGS is introduced in the ground plane as shown in
Fig.1(c). This dumbbell shaped DGS increases the effective inductance and capacitance. It acts as a band stop
filter at frequency 5.8 GHz which block the current to propagate from one to another antenna element. The step
by step evolution of proposed H shaped MIMO antenna is as shown in Fig.1. Initially a rectangular shaped
microstrip antenna has been designed using equation (1), (2), (3) and (4) to have more fringing fields and good
radiation efficiency [23]. The width can be calculated by using (1):

— Yo 2
W= 2fr &+1 (1)
where v, is velocity of light, ¢, is substrate dielectric constant and f; is resonant frequency of antenna.
The length of antenna can be calculated by following formula:
L=—"2—_2AL )
2 Jererr
where

(1) &r 1s effective dielectric constant which is obtained by using (3) as follows:
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where h is thickness of the substrate
(i1) AL can be calculated as:
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Fig.1. Evolution of Proposed structure (a) Antenna 1 (b) Antenna 2 and (c) proposed Antenna Structure
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Then, a MIMO antenna consisting of two rectangular patches with center to center spacing of 15 mm is
designed on common groundplane leading to Antenna 1. Antenna 2 is formed by cutting a rectangular slot from
the top and bottom of rectangular MIMO antenna leading to H shaped MIMO antenna. These slots are
introduced to increase the total current length on the surface of the patch antenna and thus it will increase the
impedance bandwidth of the H shaped MIMO antenna. The antenna is made to resonant at 5.8 GHz frequency
for WLAN application. The dimension of the proposed MIMO antenna is listed in Table no.1.
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Table.1. Dimension of proposed Antenna

N Parameter Dimension in mm
(1) Length of patch (L) 10.1 mm

2 Width of patch (W) 15 mm

3 Substrate Height 1.59 mm

4 L1 Smm

5 L2 12mm

6 W1 5 mm

7 Overall dimension 40 mm x 24 mm

The simulated H shaped MIMO antenna with and without dumbbell shaped DGS as shown in Fig. 2(a) and 2
(b) respectively. It has been observed that MIMO antenna without DGS has huge mutual coupling across the
operating frequency 5.725- 5.875 GHz band which will lead to high signal interference and losses, thus it is not
suitable for WLAN application. Hence, to lower the mutual coupling and to improve the isolation, a dumbbell
shaped DGS is introduced in the ground plane. By introducing a dumbbell shaped DGS, the mutual coupling
significantly reduces to 34 dB from 24 dB at 5.8 GHz as shown in the Fig. 2(b) respectively.
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Fig.2. Simulated S Parameter (a) without DGS and (b) with DGS

The dumbbell shaped DGS consist of square head of L1 xXW1 mm? length between the dumbbell ‘L2’ and
gap‘d’ between the dumbbell as shown in Fig.3(a). These DGS is introduced in the middle of the groundplane
to have huge isolation. The equivalent circuit of dumbbell shape DGS is as shown in the dotted box in Fig. 3(b).
The equivalent circuit of dumbbell shaped DGS consists of LC resonator circuit with inductance in parallel
with capacitance [24]. This circuit has resonance frequency that depends on the value of L and C. The value of
L and C depend on the area of square head and gap (d) respectively. The values of inductance (L) and
capacitance (C) can be obtained by using following formula [25]:

1
= e ©)

=Jc L

. (6)

T 270 "2m (f2-£2)
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where fy is resonant frequency and fc is cutoff frequency of DGS respectively.
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Fig.3. (a) Dumbbell DGS and (b) its equivalent circuit
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The bandstop characteristic of proposed DGS can be studied by placing 50 Q microstrip line above it as
shown in Fig. 4(a). The S-parameter i.e. transmission and reflection characteristic of proposed DGS is as shown
in the Fig. 4(b). It indicates that the proposed DGS has zero transmission characteristics over the operating

frequency band (5.725-5.875 GHz). The dumbbell shape DGS thus design act as a bandstop filter over the wide
band (5.725-5.875 GHz).
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Fig.4. (a) Proposed DGS with 50€2 transmission line and (b) its simulated S parameter

The feature of suppression of current is well explained by the surface current distribution. The surface
current distribution of MIMO antenna with and without DGS at 5.8 GHz is as shown in Fig. 5(a) and 5.(b)
respectively. The 1% port is excited by current and 2" port is terminated by load of 50 ohms. The large amount

of current is trapped by dumbbell shaped DGS and thus negligible amount of current is introduced in second
MIMO antenna element as shown in Fig.5(b).
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@

Fig.5. Surface current distribution at 5.8 GHz (a) without DGS and (b) with DGS

When DGS is introduced in the ground plane, slow wave effect of DGS shifts the resonating frequency of
antenna to lower side. The parameter L1, L2, W1 and d of dumbbell shaped DGS is optimize for improving the
isolation of proposed antenna. By etching dumbbell shape defect in ground, effective series inductance
increases which shift the resonating frequency of antenna to lower side. The head dimension (L1 XW1) of the
DGS is varied by keeping gap (d) constant. The head of dumbbell (L1 XW1) contributes to inductance effect
whereas the gap (d) contributes to conductance effect. The L1 and W1 is varied from 4 mm to 6 mm, the
isolation appears at various frequencies as shown in Fig. 6 and Fig.7. The isolation of -34 dB at a resonant
frequency 5.8 GHz is obtained for the length L1 = 5mm and width W1=5 mm. Similarly L2 = 12 mm is
optimum value for low mutual coupling as shown in Fig.8. The gap d is varied by keeping L1 and W1 constant,
thus series inductance is kept constant for all cases. With an increase in the gap distance, there is decrease in
effective capacitance and thus increases the cut-off frequency of LC circuit. The d is varied from 1.5 mm to 2.5
mm as shown in Fig.9 and the optimum value of d for good isolation is 2mm.

0 0
—_— Wi1=4
5 —— Li=4mm ! mm
—— Wi=5mm
— posmm 10 —— Wi=6mm
g 10 = Li= 6mm - !
i 4]
o <15 2
n (E -20
-20
-25 30
.30 —
-35 -40
55 5.6 5.7 5.8 59 6.0 55 5.6 57 58 59 6.0
Frequency (GHz) Frequency (GHz)

Fig.6. Simulated S,; for different value of L1 Fig.7. Simulated Sy, for different value of W1
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The radiation pattern of proposed MIMO antenna is as shown in Fig.10. It shows that antenna is directional
with cross polarization level and side lobe level less than -20 dB. The plot of gain variation v/s Frequency is as
shown in Fig.11. The graph shows the gain variation of less than 1 dB over the operating frequency band.
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Fig.10. Radiation pattern at frequency 5.8 GHz (a) when port 1 is excited (b) when port 2 is excited
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Fig.11. Gain variation v/s Frequency
3. Fabricated Antenna & Measured Results

A compact H shaped MIMO antenna is constructed on FR-4 substrate as shown in Fig 12 and is tested using
Agilent 9916 A network analyzer. The comparison of measured and simulated S-parameter is shown in Fig.13.

There is slight variation in measured and simulated result due to fabrication error and losses in conductor and
connector.
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(a)Top view (b) Bottom view
Fig.12. Fabricated antenna
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Fig.13. Measured and Simulated (a) S1; and (b) S, of the proposed structure

The MIMO antenna performance can be shown by envelope correlation coefficient. It is the measure of how
two antennas are well isolated from each other. The ECC should be less than 0.5 dB for MIMO applications.
The envelope correlation coefficient can be calculated using (7) as follows [26]:

| S11S12 + S51S22|
= 7
P = oISt Isa ) (I3, -1s5,D )

The correlation coefficient thus obtained for the proposed antenna is below 0.04 dB as shown in Fig.14
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Fig.14. Envelope Correlation coefficient v/s frequency
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4. Conclusions

A compact H shaped MIMO antenna with an improved is proposed in this paper. The dumbbell shaped DGS
is introduced in the center of the groundplane to improve the isolation. The parameters of dumbbell shaped
DGS is optimized to have good isolation among the antenna element. The proposed design is simple, low cost
and compact. The radiation pattern is stable and ECC < 0.04 dB is achieved. Hence, the proposed antenna is
suitable for WLAN application at resonating frequency 5.8 GHz. The proposed technique can be extend for
improving the isolation in more than two elements of MIMO antenna.
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