Small-Size and High-Isolation
MIMO Antenna for WLAN

A small-sized (15 mm*30 mm) planar monopole MIMO
antenna that offers high-isolation performance is presented in
this letter: The antenna is miniaturized using inductive coupling
within a meander-line radiator and capacitive coupling
between a radiator and an isolator. High isolation is achieved
by a T=shaped stub attached to the ground plane between two
radiators, which also contributes to the small size using a
folded structure and the capacitive coupling with radiators.
The proposed antenna operates for the WLAN band within
2.4 GHz to 2.483 GHz. The measured isolation (S3;) is about
—30 dB, and the envelope correlation coefficient is less than 0.1.
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I. Introduction

A critical requirement of MIMO systems is to
simultaneously accomplish good isolation and compact size. In
reality, some electromagnetic couplings among antenna
elements are inevitable even though each individual antenna
element is configured to provide an independent signal path by
minimizing correlations with other neighboring elements. In
addition, closely-packed antennas are likely to be correlated,
which gives rise to even worse isolation [1].

Several techniques [2]-[4] for achieving high port isolation
have been investigated to reduce unwanted mutual coupling
between antenna elements by preventing the occurrence of
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traveling waves from one to the other. To improve high port
isolation, a mushroom-like electromagnetic band-gap [2], a
defected ground system [3], and a ground plane modification
[4] were utilized. Furthermore, relatively compact antennas [5],
[6] have proven to provide extra isolation enhancement with a
distance of less than 0.1 wavelengths between two inverted-F
antennas.

All of the structures discussed above [2]-[6] occupy large
areas or have modified system ground planes with slits or slots.
Thus, these approaches are not applicable for limited cases or
packages, which have a very small interior area. In this letter,
we propose a compact MIMO antenna in which a folded T-
shaped stub is inserted between meandered planar monopole
antennas.

II. Antenna Design

The geometry and dimensions of the proposed configuration
are depicted in Fig. 1. The top view includes two meandered
monopoles with a gamma matching and a folded T-shaped stub
(that is, isolator) between radiators. Each antenna element is
connected to the ground plane by a shorting pin and fed by a
50-Q SMA coaxial probe. The antenna is printed on an FR4
substrate with a relative permittivity (s,) of 4.7, a loss tangent
(tan 6) of 0.018, and a thickness of 0.8 mm.

The operating frequency of the antenna element is
approximated by

fi= i
AW+ L-AL, +AL)’

(D
where f; is the resonant frequency, W and L are the width and

length of the meander radiator, respectively, and v, is the phase
velocity considering the dielectric substrate. ALy, is the
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reduction length caused by the mutual inductance owing to the
opposite current flows on the meander line [7], and AL, is the
extension length due to the capacitive coupling between the
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Fig. 2. S-parameters with different isolator lengths: (a) input
reflection coefficient (Sj;) and (b) port-to-port isolation
(S21)-
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radiator and isolator [5]. Therefore, antenna miniaturization
requires a small AL, and a large AL.. Although the radiator
structure requires the meandering to shrink antenna size, it is
necessary for the meander line to minimize the mutual
inductance (AL,,) and thus to expand the line gap to be as large
as possible. In addition, the meander line is close to the T-
shaped stub to increase the capacitive coupling (AL).

Figure 2 shows the input reflection coefficient (Sj;) and the
port-to-port isolation (S3;) for a parametric analysis of the total
length of a T-shaped stub. The resonance frequencies for Sy;
and Sy, shift to lower values when the length increases. Since
radiators are very close to the isolator, the optimization of the
port-to-port isolation (that is, the change of the isolator’s
length) shifts the antenna’s operating frequency, which explains
the variation in capacitive coupling (AL.) between the radiator
and isolator.

The T-shaped stub located in the center of a MIMO antenna
system can suppress direct coupling between two antenna
elements. When the MIMO antenna system is in operation, the
folded T-shaped stub presents an alternative coupling current
path, allowing the current to flow through the arms of the stub
instead of letting the coupling field appear in the other side.
This coupling block phenomenon is illustrated in Fig. 2(b). The
port-to-port isolation (Sy;) is strongly dependent on the length
of the stub, obeying the quarter wavelength (A/4) rule of
resonance frequency. The gap W, (see Fig. 1) affects the
electrical length caused by the mutual coupling between L;
(inner stub) and L, (outer stub). Therefore, the length of the T-
shaped stub is substantially longer than A/4 of the resonance
frequency.

III. Experimental Results and Discussion

In order to investigate the effects of the T-shaped stub on
isolation, the following aspects were analyzed: surface current
distributions on the radiators, the isolation stub, and the ground
plane, all shown in Figs. 3(a) and 3(b). The radiators 1 (left)
and 2 (right) are set as excited and terminated with 50 Q,
respectively. Figure 3(a) shows the poor performance of the
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Fig. 3. Surface current distributions (port 1 excited): (a) without
isolator and (b) with isolator.
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Fig. 4. Simulated and measured S-parameters.
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Fig. 5. Measured radiation patterns of proposed MIMO antenna:
(a) antenna 1 and (b) antenna 2.

port-to-port isolation without the T-shaped stub. Figure 3(b),
simulated with the isolator, shows that the surface current
distributions in radiator 2 are significantly decreased.

As shown in Fig. 4, the measured S-parameters agree very
well with the simulation. The proposed antenna has an input
reflection coefficient (Sy;) of less than —7 dB from 2.4 GHz to
2.48 GHz and a high isolation (S;) with a minimum value of

116  Zhejun Jin et al.

1.0
0.8 1
0.6
Q
Q
=
0.4 A
) ->—-J/\ /
0.0 j T y
2.0 27 2.4 2.6 2.8 3.0
Frequency (GHz)

Fig. 6. Measured ECC of proposed MIMO antenna.

-30dB.

Figure 5 plots the radiation patterns for the proposed MIMO
antenna on the x-z and y-z planes at 2.44 GHz. The measured
peak gain is —4 dBi, and the efficiency is 39.08%, a small value
due to the small antenna size and also the large coupling
between the radiator and isolator.

When considering antenna diversity and MIMO systems, the
envelope correlation coefficient (ECC) is an important
parameter within communication systems. A simple
formulation for computing the ECC from the S-parameter is
presented [1]. The ECC of two antennas is given by

£3 * 2
‘511512 +521S22‘

P2 )]

= 2 2 2 N
(A=[Sus]” =[S [)A=[ S| =[S0
The obtained ECC, shown in Fig. 6, is lower than 0.1 from the
measured S-parameters and s for MIMO

applications.

sufficient

IV. Conclusion

The proposed MIMO antenna was miniaturized using the
mutual inductance of a meander-line antenna as well as the
capacitive coupling between an antenna element and an isolator.
Port-to-port isolation was also improved by the isolator of a
folded T-shaped stub located between two antenna elements,
resulting in an excellent S,; and envelope correlation coefficient.
Simulated and measured results confirmed that the proposed
antenna should be useful for very limited-size MIMO antenna
systems.
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