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Abstract
This paper presents the evaluation of MIMO (multi-input
multi-output) array by analyzing mutual coupling, correlation
coefficient and TARC. PIFA is used for antenna arrays
because of its low profile and robust of nearby antennas. We
show that separation distance and antenna radiation pattern
are important factors in MIMO arrays. This paper
demonstrates the meaning of the three parameters and
optimization of array antenna’s allocation.
1.

INTRODUCTION

Information theory has shown that an upper limit exists for
the average spectral efficiency using a single antenna and
single receiver [1]. Thus, Multiple Input Multiple Output
(MIMO) has received a great attention because it can
overcome the limit of channel capacity [2].
To study the performance of MIMO, some of the parameters
need to be considered. Mutual coupling is the important factor
because higher mutual coupling means lower antenna
efficiency. The correlation coefficient between two antennas
is another important parameter since it associates with the
loss of spectral efficiency and degradation of performance of
a MIMO system [3]. Also, Total Active Reflection
Coefficient (TARC) must be considered. The reason why we
use TARC rather than traditional scattering matrix is that the
scattering matrix does not accurately characterize the
radiating efficiency of an antenna array [4]. TARC provides a
more meaningful measure of MIMO efficiency because it
contains effect of mutual coupling.
In this study, we evaluated the performance of MIMO
communication by analyzing above three parameters. We
proposed the three types of 2 u 2 antenna array.
The proposed antenna arrays are composed of Printed
Inverted-F Antenna (PIFA) with U-shaped slot. PIFA have
low profiles, good radiation characteristics, and wide
bandwidth. Also, a PIFA is relatively robust to influence from
neighbor antenna because they have low profile and are close
to ground [5].
In section 2, the theoretical backgrounds of three parameters
are presented. Section 3 and 4 show the analysis of two PIFA
elements arrays. Section 5 summarizes the conclusion.
2.

The mutual coupling between the antennas can be measured
and simultated from S paramters; S21. The correlation
coefficient is usually calcuated from the 3-dimensional
radiation patterns[6]. However, this process requires complex
and advanced calculation. Recent studies show that in some
case, such as a uniform random field case, the correlation
coefficient can be calculated by S-parameters. [7]
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TARC is defined as the ratio of the squre root of total
reflected power divided by the squre root of total incident
power[4]. Each exciation signal in MIMO is randomly phased.
The signal phases are again randomized by the propagation
environment before arriving receiver [4]. The TARC at N port
antenna can be describe as
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where ai is incident signal, and bi is reflected signal.
In case of 2 u 2 antenna arrays, the scattering matrix can be
described as
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We assume that signal will be randomly phased with
independent and identically distributed (i.i.d) Gaussian
random variable because MIMO channels are assumed as
Gaussian and multi-path spread in the propagation channel.
Since sum or subtract of independent Gaussian random
variable is also Gaussian, reflected signals are characterized
as
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Therefore, TARC is described as follows;
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Using the equations (6), TARC for 2 u 2 antenna array can be
directly calculated from the scattering matrix.
3.

TWO ANTENNA ARRAYS

This paper proposes a novel PIFA with U-slot. The antenna
volume has 15 u 15 u 4mm3. The structure of antenna is
described in Fig.1. The single antenna with the ground size
40 u 85mm2 has basically resonance at 2.6GHz with covering
the bandwidth of 200 MHz in VSWR 2:1. The proposed
antenna is electrically small antenna (kr<<1), so it is suitable
for MIMO implementation in handset. The CST Micro Wave
Studio (MWS) is employed to simulate the S-parameters. The
comparison results between the measured and simulated
return losses are shown in Fig 2.
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Fig.3 Proposed three types of dual arrays.
(a) Type 2_1. (b) Type 2_2. (c) Type 2_3.

(b)

The measured scattering parameters corresponding to
associated antenna structures are shown in Fig 4.

Fig.1 Geometries and dimensions of the PIFA (a) Top view. (b) Side view.

(a)

Fig.2 Measured and simulated return losses of single PIFA

To analyze the effect of parameters with variation of
separation distance and the position of the antenna, this paper
investigates the three different types of two antenna locations.
Each associated three types of location are shown in Fig 3.
All of three different location are mounted on the ground size
40 u 85mm2 (width u length). The three structures of two
antenna elements are shown in Fig 3.
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(c)
Fig.4 Scattering parameters of three dual arrays
(a)

Type 2_1. (b) Type 2_2. (c) Type 2_3.

In all cases, dual array covers 200MHz bandwidth when we
consider S11 value only. The center frequency of Type 2_1 is
slightly increased compare to original antenna. In case of
Type 2_2, the distance is identical with Type 2_1. However,
one of the antennas is rotated by 90q so that return loss
characteristic of rotated antenna is slightly different from
original one. Type 2_3 provides the maximum separation
distance among the proposed cases. Because of maximum
separation distance, S11 has the lowest value at resonance
frequency. However, resonance frequency shifts higher about
30MHz. Although Type 2_3 is the best case in terms of S11
values, we need to consider mutual coupling, correlation
coefficient, and TARC to evaluate the MIMO performance.
4.

As shown in Fig 5, from both simulated and measured data,
much higher mutual coupling occurred in case of Type 2_2
and Type 2_3. Thus, radiation efficiency of Type 2_1 will be
higher. By comparing Type 2_1 and Type 2_2, we can infer
the relationship between mutual coupling and radiation
patterns of each antenna. Even though the distance between
antennas is similar, mutual coupling is different according to
each antenna’s radiation pattern. Also, by comparing Type
2_1 and Type 2_3 case, we can notice that mutual coupling
does not merely depend on separation distance.
Correlation coefficient is the important factor because when
it increases, a loss of capacity becomes serious problem.
Correlation coefficients of each dual antenna arrays are
shown in Fig 6.

(a)

PERFORMANCE EVALUATION

Mutual coupling can be obtained from S21 which can be
measured and simulated relatively easily. Fig.5 shows the
simulated and measured S21 values of each dual antenna array.

(b)
Fig.6 Calculated correlation coefficient for dual antenna array
(a)

simulated result (b) measured result. .

(a)

(b)

Simulated and measured correlation coefficients were
calculated according equation (1) from S-parameters. We
focus on the frequency range around resonance in order to get
clear comparison. Roughly, correlation coefficient has similar
tendency with TARC of each dual array. Type 2_1 is the best
case again because lower correlation coefficient means low
loss of capacity.
The calculated average TARC with 20 excitation vectors for
Type 2_1, Type 2_2, and Type 2_3 are represented in Fig 7.
TARC can be calculated by using the equation (6) at each
random phase.

Fig.5 Mutual coupling for dual antenna array
(a)

simulated result (b) measured result. .
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attempts to optimally allocate the two PIFA elements in
MIMO antenna array.
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(b)
Fig.7 Calculated correlation coefficient for dual antenna array
(a) simulated result (b) measured result. .

Fig.7 shows the comparing results among Type 2_1, 2_2 and
2_3, TARC values retain the original behavior of a single
antenna characteristic. Likewise previous two parameters
cases, Type 2_1 shows the best performance and Type 2_2
and 2_3 performs similar results. The results show that the
higher mutual coupling can result in the higher coefficient
and TARC.
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CONCLUSION
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coefficient, and TARC. Two PIFA u-slot elements are
calculated and analyzed. We assumed the 20 excitation
vectors which are randomly phased in case of calculating
TARC.
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