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Improving the Isolation of MIMO Antennas Using Split Ring Resonators

Youngki Lee - Haeil Chung - Jachoon Choi

Abstract

This paper proposes a method for improving the isolation characteristic of multi-input multi-output (MIMO) an-
tennas using a split ring resonator (SRR) array structure between the two radiating elements. The fabricated antenna
satisfies the 10 dB return loss requirement in the Mobile-WiMAX frequency band from 3.4 GHz to 3.6 GHz. The
isolation between the two radiating elements is improved by approximately 20 dB at the center frequency by inserting
a SRR array structure. The measured peak gains of the two elements are 2.3 dBi and 2.4 dBi, respectively.
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[ . Introduction

Current mobile communication systems require high da-
ta rates and large channel capacity in order to satisfy the
various demands of users. A MIMO antenna system has
a higher data rate and larger channel capacity compared
with a conventional wireless system. A MIMO system is
therefore a suitable candidate for fourth generation mo-
bile communication systems requiring high speed and
quality transmissions involving large amounts of data
transfer. In the MIMO system, two or more antennas are
used on both the transmitter and receiver sides. Howev-
er, the antenna elements are strongly coupled with each
other, as well as with the ground plane, because they share
the common surface current [1]. Several techniques have
been introduced to improve the isolation characteristic,
such as using the resonating slot on the ground plane [2]
and using the isolation elements between the radiating
elements [3]. However, these techniques limit the avail-
able space for other system components and do not gua-
rantee a uniform radiation pattern. A metamaterial tech-
nique [4] might be a good candidate for overcoming some
of these drawbacks.

Metamaterials can be defined as man-made homoge-
neous electromagnetic structures with unusual properties
that are not readily available in nature. When electrical
property has negative permeability or negative permitti-
vity (#<0 or &<0), the medium has an evanescent
wave. An evanescent wave is an electromagnetic wave that
decays exponentially with distance. Negative permittivity
and permeability materials can usually be obtained using
the wire and split ring resonator (SRR) at a specific fre-
quency band. The resonance frequency is determined by
the capacitance and inductance of the structure [5].

This paper proposes a method for improving the iso-
lation performance of a MIMO antenna for the Mobile-
WiIMAX frequency band using the negative permeability
property of an SRR array structure.

II. Antenna Design and Performances

2-1 Antenna Structure

The configuration of the proposed MIMO antenna is
shown in Fig. 1. The antenna was implemented on two
FR4 substrates (¢ ,=4.4) of different thicknesses; it con-
sisted of two radiating elements, the ground plane, and
the SRR array structure. The radiating elements and
ground plane were printed on a 0.8-mm-thick FR4 sub-
strate (sub #1). The two radiating elements of the MIMO
antenna were symmetrically printed with respect to the
center and were placed near the corners of the top edge
of the ground plane.

As shown in Fig. 1(d), each radiating element was a
9x10 mm rectangular shape with an L-shaped slit. The
unit cell of the SRR is illustrated in Fig. 1(e). The SRRs
were printed on the top and bottom surfaces of the 1.6
mm thick FR4 substrate (sub #2). The top and bottom
surfaces of the SRRs were connected via holes. The
SRR array structure consisted of six unit cells with di-
mensions of 1x26x1.6 mm. The distance between two
adjacent unit cells was 1 mm. Sub #2 was located be-
neath sub #1, including the two MIMO antenna elements
and the ground plane. The total antenna volume, includ-
ing the two substrates, was 50x90%2.4 mm.

2-2 Impedance Bandwidth and Isolation

Fig. 2 shows the simulated return loss characteristics of
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Fig. 1. Structure of proposed MIMO antenna.

the proposed antenna. When the slit width (W) of the
patch and the width (W3) of the L-shaped slit were in-
creased, the resonance frequency shifted toward a lower
frequency band. By adjusting the width (W) of the ad-
ditional slit, the impedance matching was improved and
the wideband operation characteristic was realized. Good
impedance matching over the Mobile-WiMAX can be
achieved by adjusting the sizes of the L-shaped slit and
the additional slit.

Fig. 3 (a) and (b) show the effective permeability of
the SRR array structure and the isolation characteristics
of a MIMO antenna for various lengths of SRR. The ef-
fective permeability was extracted using the method de-
fined in [6, 7]. Choosing the correct size of the SRR ar-
ray structure is very important because the resonant fre-
quency is dependent on the length of the SRR array struc-
ture. As the length increaseds, the frequency band of
negative permeability shifts to a lower frequency band.
Also, the frequency band for isolation improvement shifts
to the lower frequency side as the length of the SRR ar-
ray was increased.

The simulated s-parameters with and without the SRR
array structure are illustrated in Fig. 3(c). It is obvious
that the addition of the SRR array structure improved the
isolation characteristic. The designed antenna had a 10
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Fig. 2. Simulated return loss characteristics for different de-
sign parameter values.

dB return loss bandwidth from 3.38 GHz to 3.7 GHz, and
an isolation of higher than 20 dB on the center fre-
quency band. It had a negative permeability value at 3.5
GHz, so the wave could not propagate at this frequency.
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racteristics.

Although the proposed antenna had an isolation higher
than 12 dB without the SRR array structure, the iso-
lation can be improved by approximately 20 dB at 3.5
GHz by adding it.

To investigate the effect of the SRR array structure on
the isolation characteristic, the field distributions at 3.5
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Fig. 4. Simulated field distribution.

GHz with and without the SRR array structure were cal-
culated and are shown in Fig. 4. When one of the two ele-
ments was excited, a strong field was induced at the oth-
er element in the absence of an SRR array structure. After
the SRR array structure was added, the induced field on
the non-excited element became very weak. The antenna
structure was designed and analyzed using a high fre-
quency structure simulator (HFSS V11.1) [8].

III. Results

A photograph of the fabricated antenna is shown in
Fig. 5. The measured and simulated return loss values
in terms of frequency are compared in Fig. 6. The mea-
sured results were very similar to the simulated results.
The fabricated antenna had a return loss greater than 10
dB and an isolation of higher than 15 dB over the
whole Mobile-WiMAX band (3.4~3.6 GHz).

The measured radiation patterns of the two radiating
elements of the designed MIMO antenna are shown in
Fig. 7. The radiation patterns were symmetrical with re-
spect to the x-axis, and each element had near omni-di-
rectional radiation patterns at the operating frequency.

As shown in Fig. 8, the measured peak gains of the
two elements were 2.3 dBi and 2.4 dBi respectively at
the operating frequency.

(b) Bottom view

(a) Top view

Fig. 5. Photograph of fabricated MIMO antenna.
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For diversity and MIMO application, the correlation
between signals received at the same side of a wireless
link by the involved antenna is an important figure of
merit for the whole system. Usually, the envelope corre-
lation coefficient (ECC) is used to evaluate the diversity
capability of a multi-antenna system. This parameter should
preferably be computed from 3D radiation patterns, but
this method is laborious. Assuming that an antenna ope-
rates in a uniform multi-path environment, this parame-
ter can alternatively be computed from its scattering pa-
rameters. The ECC of two antenna is given by [9].

SI*ISIZ +S1‘2S12 ’
2 2 2 2
1_‘S11‘ _‘Szl‘ )(1_‘5'22‘ _‘Slz‘ )

P =
( (1)

Fig. 9(a) shows the ECC characteristics computed from
scattering parameters. The ECC of two antenna was less
than 0.08. Fig. 9(b) shows the measured mean effective
gain (MEG) ratio of the proposed antenna. The measu-
red MEG ratio was less than 1.12 dB over the whole
Mobile-WiMAX band.

IV. Conclusion

In this paper, we proposed a method to improve the
isolation characteristic of the MIMO antenna using an
SRR. The proposed MIMO antenna consisted of two
identical monopoles for Mobile-WiMAX (3.4~3.6 GHz)
service. The SRR array structure was added between the
two elements and placed beneath the ground plane to
improve the isolation characteristic. The return loss was
higher than 10 dB and the isolation characteristic was
higher than 15 dB over the whole Mobile-WiMAX
band. The measured peak gains of the two elements
were 2.3 dBi and 2.4 dBi. The measured envelope
correlation coefficient was less than 0.2, and the mean
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Fig. 8. Measured gain characteristics.
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Fig. 9. Measured envelope correlation coefficient and mean
effective gain ratio.

effective gain was less than 1.5 dB. Therefore, the SRR
array structure can be used in MIMO antenna systems
to obtain the high isolation characteristic necessary for
mobile applications.

This work was supported by the IT R&D program
of MKE/KCC/KEI. [KI002071, Study of technologies
for improving the RF spectrum characteristics by using
the meta-electromagnetic structure].
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