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Il.  THE ANTENNA LAYOUT AND

Fi/WIMAX services is presented. This design comprises of two
radiating G-shaped slotted patch antennas placed symmetrically. The
isolation is enhanced by introducing a neutralization line and a defected
ground plane. The impedance bandwidth is improved by adding a stub
in the feeding line. The size of the overall antenna is 35 x 35 x 1.026
mm?. The antenna impedance bandwidth is 12.34% between 2.28-2.58
GHz and 68.49% between 3.00-5.88 GHz; the Su is improved to be
less than -10 dB and the isolation is greater than -12 dB. The
performance characteristics of the present MIMO design are examined
in terms of the S-parameters, envelope correlation coefficient (ECC),
capacity loss, channel capacity, total active reflection coefficient
(TARC), radiation patterns and power gains. Finally, the results of such
investigations confirm that this design is suitable for WLAN and
WiMAX systems.

Indexing Terms: MIMO antenna, ECC, TARC, WLAN, WiMAX.

l. INTRODUCTION

Considering the unprecedented evolution of wireless
communication system, this has raised demands for higher data
rate and larger capacity in wireless applications such as
Bluetooth, Wi-Fi, LTE, WLAN and WiMAX. MIMO
technology lies in incorporating multiple antennas at the
transmitting and receiving ends, this is one promising approach
to achieve higher data rates without consuming extra power in
rich scattering environments [1, 2]. However, as they are fitted
closely together on confined substrates, the isolation between
MIMO elements becomes lower, whereas to achieve the best
performance, the isolation must be as high as possible. Several
methods have been proposed to enhance the isolation.

Methods reported include using parasitic elements [3, 4], T-
shaped junctions and branches [5, 6], defected ground structures
(DGS) [7], stubs [8] and neutralization lines (NL) [9-13]. This
latter approach improves the isolation between the antenna
elements in a small spacing by introducing effective inductance
to neutralize the capacitance of the antenna elements [12]. The
present paper proposes a dual band G-shaped slotted MIMO
antenna structure, with a neutralization line and a slot etched on
the antennas’ ground. This antenna is an improvement on a
previous design [14], with a size reduction of about 16%.
Measurements show the antenna has come up with an
impedance bandwidth from 2.28-2.58 GHz / 3.00-5.88 GHz,
with S11 <-10dB and Sy < - 12 dB.
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PROCEDURE
Fig. 1 illustrates the geometry of the present MIMO antenna,
this antenna was printed over the RT5880LZ substrate that has
a relative permittivity of 1.96 and a height of 1.026 mm. The
present design was made up of two identical G-shaped slotted
antenna elements. This antenna has some similarities with
authors’ previous design [15]. Two identical defected areas with
rectangular shape are made on the ground with the purpose of
broadening the antenna bandwidth. A wavelength of about
0.144) at 2.4 GHz was choosing to be the space between the
antenna elements. An approach of adding the neutralization strip
is exploited to enhance the isolation at 2.4 GHz. On other hand,
to mitigate the coupling at 3.5 GHz, an etched rectangular slot
is generated in the middle of the ground. Moreover, to further
improve the impedance matching, a stub is added on the feeding
line as depicted in Fig. 1. The present design occupies a compact
volume of 35 x 35 x 1.026 mm?.
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Figure 1: Geometry of the proposed antenna (dimensions in mm). (a) Front view;

(b) Back view.
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Figure 2: Simulated S-Parameter with and without neutralization line. (a)

Reflection coefficient Si1; (b) Transmission coefficient S;.

Il. PARAMETRIC STUDY
To further understand the effect of the neutralization line,
rectangular slot and stub on the performance of the antenna,
parametric studies were intensively implemented.
A. The Infulences of the Neutralization Line on the S-
Parameters of the Antenna
To analysis the contributions of the neutralization line, the
computed S-Parameters of the antenna in the case of the
inclusion and exclusion of the neutralization line are depicted in
Fig. 2. Fig 2(b) demonstrates that the isolation between the
radiating elements in the absence of the neutralization line is
low at 2-2.776 GHz and 4.656-5.34 GHz. Generally speaking,
the isolation is usually low at the lower frequency band, while
it is higher at the upper frequency band. By introducing the
neutralization strip, the mutual coupling at 2.4 GHz is found less
than -15 dB, but higher at 2.848-3.156 GHz and 4.496-4.952
GHz.
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(b)
Figure 4: Simulated S-parameters with and without the rectangular slot. (a)
Reflection coefficient, Si1; (b) Transmission coefficient, S,;.

To realize the contributions of the neutralization line, the
surface currents of the proposed design in the case of including
and excluding the neutralization strip at 2.4 GHz are presented
in Fig. 3. This is accomplished by exciting port 1, while at the
same time port 2 should be terminated with a matching load.
Fig. 3(a) demonstrates the current induced in the feeding line of
port 2 is strong at 2.4 GHz in the case of not including the
neutralization strip. When the neutralization line is inserted, as
in Fig. 3(b), this introduces a new current path. With the purpose
of improving the coupling, another additional coupling was
generated, which in turns can compensate the original coupling
[16].

B. The Impacts of the rectangular slot on S-parameters of the
antenna

The effective technique of using rectangular slot is constructed
as depicted in Fig. 1(b), in which it is contributed in mitigating
the mutual coupling of the antenna [17]. A comparison of the
antenna performance in both cases (with and without the slot) is
indicated in Fig. 4(a). From Fig. 4(b), it is noted that by
introducing the slot, the isolation is enhanced to better than -12
dB at 2.848-3.156 GHz and 4.496-4.952 GHz. Moreover, a
huge enhancement of around of 15.83% and 61.89% in the
antenna bandwidth is met, in which a frequency range from
2.164-2.536 GHz and 3.164-6 GHz was also correspondingly
covered as shown in Fig. 4(a).
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Figure 3: The current distribution at 2.4 GHz. (a) without neutralization line; (b) with

neutralization line.
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Figure 5: Simulated S-parameters with and without neutralization line. (a)
Reflection coefficient, S11; (b) Transmission coefficient, S21.

C. The Effects of the Stub on S-parameters of the Antenna
A stub with overall dimensions of 5 x 3.5 mm is printed on the
feeding strip near to radiating element in order to improve
antenna impedance matching [18]. The S-parameters with and
without the printed stub are shown in Fig. 5. The introduction
of the stub improves the impedance matching at the upper
frequencies but decreases the end of the higher frequency band.
Two bands has been achieved from (2.28-2.58) GHz and (2.88—
5.88) GHz < -10 dB with an isolation less than < -12 dB, in
which covers both WLAN and WiMAX systems.
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Figure 6: Prototype of the proposed antenna, (a) Front view; (b) Back view.

V. RESULTS AND DISCUSSIONS

To verify the computed findings, the antenna based on the
configuration in Fig. 1 was manufactured and validated. The
manufactured design is displayed in Fig. 6. The S-parameters
were measured using a Rohde & Schwarz ZVB14 vector
network analyser (VNA). The anechoic chamber is used to
measure the radiation patterns. Based on the measurements, the
performances of the MIMO antenna were analysed. Details of
S-parameters, radiation patterns, current distributions, antenna
gain, and diversity performance are profoundly addressed in the
next sections.

The calculated and measured outcomes of the S-parameters
have been compared as explained in Fig. 7. It is obviously seen
that there is a fair agreement between them. Even though, there
are some variances due to the measurement tolerances. Two
different bandwidths are appeared, which are (2.28-2.58) GHz
and (3-5.88) GHz, with a reflection coefficient S;; <-10 dB and
mutual coupling S21 < -12 dB. These bands cover the following
wireless services; LTE2300, LTE 2600, Bluetooth, Wi-Fi,
WLAN and WiMAX.
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Figure 7: Comparison of S-parameters using simulated and measured results.

(a) Reflection coefficient, S11; (b) Transmission coefficient, S;.

The far-fields patterns of the fabricated design were tested
at four selected frequencies, 2.4, 3.5, 5.5, and 5.8 GHz, as
depicted in Fig. 8. These patterns were tested in the two planes
of XZ and YZ , in the case of excitation of port 1 and
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termination of port 2, and showed a stable omnidirectional
pattern at all frequencies.

For possible applications as a MIMO/diversity antenna, the
envelope correlation coefficient (ECC) is paramount factor.
Generally, there are two different methods to evaluate the ECC
of array antennas, firstly, the ECC can be obtained from the far-
field radiation pattern method [1, 19] and secondly it may be
accomplished from the S-parameters from the antenna system
approach [20]. For the antenna proposed here, the envelope
correlation was obtained from S-parameter measurements, as in
the following expression [20]:

[S*11512+S%21522

pe = 1)

(1=151112=18211%) (1=1S2212=S121%)

The measured ECC is shown in Fig. 9, with p. measured as
less than 0.005, significantly less than 0.5, the requirement for
diversity [21].

Generally, by increasing the number of antennas, this will
lead to enhancing the channel capacity of the MIMO system.
Whilst, a loss in the channel capacity may be occur when the
uncorrelated Rayleigh-fading is present and/or exist.

For 2 x 2 MIMO systems, the correlation matrix can be used
to obtain the channel capacity loss [22]. The simplified channel
capacity loss may be calculated by utilizing the next equation
[10, 23]:

closs :_1092 det((pR) (2)
where @® is the receiving antenna correlation matrix:
r _ [P11 P12]
T P21 P2

with Pii = (1 - (lSiil2 + |Sll|2))

and ,DU = _(S:;-SU + S;;-S]J)’ for i ,j =1lor2.
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Figure 8: Simulated and measured radiation patterns of the proposed antenna for
two planes [(1 and 2) y-x plane and (3 and 4) z-x plane] at (a) 2.4 GHz, (b) 3.5
GHz, (c) 5.5 GHz and (d) 5.8 GHz . Port 1 is excited and port 2 is terminated.
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Figure 9: Measured Envelope Correlation Coefficient.

The TARC may be described as the square root of the ratio of
a) the total power available at all the ports minus the radiated
power to b) the total available power [24]. The TARC can be
evaluated by using the following two port network formula [10]:
ot = J((|s11+slzef9|2):(|s21+s22ef9|2>) ‘)
The computed and measured TARC and capacity loss of the
present design are compared and explained in Fig. 10. In neither
case the capacity loss does exceed 0.6 bps/Hz. The discrepancy
between calculated and practical results is attributable to
fabrication and measurement tolerances. The characteristics of
this proposed MIMO antenna in several wireless application
frequency bands are summarized in Table I, where it obviously
appears that the antenna has low loss of capacity and ECC.
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Figure 10: Simulated and measured MIMO characteristics of the proposed
antenna. (a) TARC; (b) Capacity loss.
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Table 1: MIMO Characteristic Performances.

MIMO at2.4 at 3.5 at5.2 at5.8
Parameter GHz GHz GHz GHz
ECC (10%) 3.36 0.026 1.32 3.23

Capacity Loss
(bit/s/Hz) 0.561 0.382 0.543 0.687
TARC (dB) -13.84 -18.2 -12.69 -11.9

The theoretical and measured power gains of the antenna are
plotted in Fig.11. The measured gain shows good agreement
with simulated result. In the upper band the maximum deviation
is less than 0.5 dB.

Table 2: Substrate Material.

Substrate Material Rogers RT5880 FR-4
Dielectric permittivity, & 1.96 4.4
Tangent Loss 0.0019 0.025
Thickness, h 1.026 mm 1.6 mm
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Figure 12: Simulated S-parameters using different substrates. (a) Reflection
coefficient, S11; (b) Transmission coefficient, S21.

V. ANTENNA PERFORMANCES USING
DIFFERENT SUBSTRATES
Theoretically, the influence of the substrate may affect the
antenna performances [25]. Therefore, the effects of the
substrate parameters such as; thickness, dielectric permittivity
and loss tangent are investigated to determine the loss and
81
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bandwidth of the antenna by comparing two different
conventional substrate materials, Rogers RT5880 LZ and FR-4
epoxy. Table Il shows the details of these two substrates.
Simulated S-parameters using FR-4 and Rogers substrates are
compared in Fig. 12. It is noticeable that the low value of
dielectric permittivity e enhances the obtainable bandwidth, as
proven in [26], and gives the best return loss.

Table 3: Antenna Performances

Material Bandwidth Frequency Mutual
(GHz) (GHz) ~ | Coupling (dB)
24 116
35 -13.24
2-2.196
FR-4 2.776-4.778 5.5 -17.04
58 -26.98
24 -15.67
ROGERS | 228258 22 Eig
RT5880 2.88 - 5.88 - -12.
5.3 1441

Measured S-parameters using both FR-4 and Rogers substrates
are indicated in Fig. 13: a slight frequency shift takes place
between the computed and measured outcomes, due to
measurement setup tolerances. The performances in terms of
antenna bandwidth, mutual coupling and return loss using the
two substrates are stated and detailed in Table I11. One can note
that Rogers substrate gives a better impedance bandwidth. The
relative bandwidths for FR-4 are 9.34% (2-2.196) GHz and
53% (2.776-4.778) GHz, whilst for Rogers 5880; relative
bandwidths of 12.34% and 68.49% at 2.28-2.58 GHz and 2.88—
5.88 GHz respectively are obtained.
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Figure 13: Simulated S-parameters using different substrates: (a) Reflection
coefficient, S11; (b) Transmission coefficient, S21.
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VI. CONCLUSION
Uni-Planer Multi-Band MIMO Antenna with G shape has been
designed and presented covering the WLAN and the WiMAX
service bands. The antenna achieves bandwidths of 12.34%
from 2.28 to 2.58 GHz and of 68.49% from 3 to 5.88 GHz with
a promising isolation better than 12 dB. Measurements show
good agreement with simulation results.
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