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Abstract The present work investigates the operation performance of 2-element configuration multiple input Multiple
Output (MIMO) antennas system using Cylindrical Dielectric Resonator (CDR). The MIMO antenna arrays achieve 22.2%
impedance bandwidth at S11 < -10 covering the bandwidth from 10GHz to 12.5GHz that meets the essential requirements
of wide band communications applications. The first array gives a maximum isolation of 27dB at an element spacing of
22mm, whereas the second array presents a maximum isolation of 42.55dB at element spacing of 12.25mm.
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1. Introduction

Multiple Input Multiple Output (MIMO) technology
plays an important role for most of the advanced wireless
communication systems to achieve high data rates and full
diversity. A significant increase in channel capacity could
be achieved without the need of additional bandwidth or
more transmitted power by deploying such MIMO system.
In turn, this could also improve the array gain and space
diversity, thereby improving the spectral efficiency and
reliability. However, when the antennas are closely placed,
the couplings between the electromagnetic waves of
different antennas interfere strongly and could degrade the
antenna performance that results in low Signal to Noise
Ratio (SNR). The amount of reduction of such coupling
between the elements of the array is the main objective of
MIMO systems [1].

The dielectric resonator antenna (DRA) is considered to
be a viable and feasible solution to the conventional
conductor antennas at millimeter wave frequencies with its
low loss especially compared to the microstrip patch
antenna. Moreover, its bandwidth has been recently
improving and it is being competing with those obtainable
from the microstrip antennas. [2-5].

In many cases as with a single element DRA, desired
specifications cannot be achieved; for example high gain,
high efficiency, directional radiation pattern cannot be
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synthesized with a single DRA of any shape. In these
applications, a DRA array with an appropriate humber of
elements arrangement and a modified feed configurations
can be used to provide desired specifications [6].

Aperture coupled DRAs are more feasible with array
designs since the feed network might be placed on the back
side of the antenna that reduces the unwanted coupling
between the feed line and radiating elements. This type of
arrangement may support to have the feed network and
antennas on the same side. Aperture coupling will add a
good value when the designed array size is larger [7].

The Mutual Coupling between elements in arrays
employing DRAs has previously been studied in the
literature [8-9]. A comprehensive study on the mutual
coupling between a pair of cylindrical DRAs for different
radius to height ratios (a/h) had been presented in [9]. The
results proved that the isolation increases as the ratio of
(r/h) increases. The mutual coupling between a pair of
hemispherical DRASs has been discussed in [10]. The study
has proved that the mutual coupling is significant and thus
should be considered when designing an array of H-DRAs.

For the present work, two MIMO array antenna designs
using two cylindrical DRA's are proposed. In the first, two
parallel elements CDR array is considered by using two
identical CDRA antenna elements fed simultaneously
through two independent microstrip lines. The second
design is an array of two orthogonal array elements
configuration of CDRA. The 2-element array is treated as a
two-port network. The theoretical model analysis is carried
out using CST Microwave Studio [11] which is based on
finite integration technique (FIT).
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2. MIMO Array Antenna Design

In this section, the design for single DRA element is
presented, and then two arrays incorporating two DRA
elements are proposed and investigated for operation as
MIMO antenna arrays.

2.1. Single DRA Antenna Design

Table 1. Detailed parameters of the proposed antenna

Parameter Description Value
Ly Ground plane length 30mm
Wy Ground plane width 25mm
S| Major Slot radius 2.98mm
Sw Minor Slot radius 0.8mm
lstub Stub length 4.5mm
Wi Feed line width 1.5mm
L¢ Feeding line length 22.5mm
h DRA height 9mm
D DRA diameter 6mm

In the beginning a CDRA antenna fed by an elliptical slot,
shown in Figure 1, is designed and optimized in terms of its
dimensions parameters, and the optimized parameters are
shown in Table 1. The realized reflection coefficient and
gain of the elliptical slot CDRA antenna are shown in
Figures 2 and 3 respectively. The antenna achieves a 23% at
return loss < -10dB bandwidth extending from 9.97 GHz to
12.558GHz, and gain ranging from 5.5 to 7.25dB;. The
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performance of this antenna shows that it is suitable for use
as a 2x2 MIMO array as explained in the following sections.
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Figure 1. Elliptical slot cylindrical shape DRA (a) Top view and (b) Side
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Figure 2. Calculated reflection coefficient versus frequency for the proposed DR antenna
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Figure 3. Realized gain versus frequency for the proposed DR antenna
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2.2. The Two Parallel —Elements DRA Array the spacing of 22mm.

The DR antenna designed in the previous section is used
here to form a two-element MIMO array as shown in Figure
4. This antenna is designed on the basis of using spatial d
diversity in which the same data is transmitted over each of
the multiple paths. In this case, each of the two elements is
essentially transmitting and receiving the same data although
the data is coded differentially. Lg

Mutual Coupling is an important factor that should be
considered while designing an array. Mutual coupling can
affect the performance of the array like radiation patterns, "-f
resonance frequency and bandwidth. So it is necessary to
place the elements in such a way that helps to reduce mutual y
coupling effects. The spacing between two antenna elements I
mainly affects the mutual coupling between elements. In + v e
this design, the two aperture-coupled cylindrical DR @
elements are placed in parallel. The level of mutual coupling
not only depends on the spacing between the elements but =
also on the structure dimensions, dielectric constant of the L
DRA and mode of the operation.

The simulated reflection coefficient |[Sii| (|S12]=]S22])
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40mm. The results show that for an element-spacing d (®)

ranging between 13mm and 25mm the bandwidth is Figure 4. The two parallel-element MIMO array using CDR's antenna (a)
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Figure 5. Simulated reflection coefficient |S11| results versus frequency for the two parallel-element array for various spacing d

i i |— d=25
9 9.5 10 10.5 11 1.5 12 12.5 13
Frequency(GHz)

Figure 6. Simulated coupling coefficient |[S12| results versus frequency for the two parallel-element array for various spacing d
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The simulated mutual coupling [S12| (as the network is
passive then |S12|=|S21|) versus frequency for various
elements spacing values is shown in Figure 6. It is clear
from figure that there are dramatic changes at lower
frequencies.

The correlation coefficient p. between the two antenna
elements has also been calculated from the achieved
S-parameters using the following formula [12]:

~ ‘511*512 +591"Sp, |2
(= (S11? + 1821/ @~ (So2f* +[S12[*))

Figure 7 shows the calculated correlation coefficient p,
variations with frequency when element spacing values d of
13, 16, 19, 22, and 25 mm were used. It is clear that the
correlation between antenna elements changes with
frequency considerably. Moreover, many deep nulls can be
observed. In general, the trend of variation shows that larger
spacing results in better isolation.

Based upon the above results, a value 22mm was chosen
for element separation “d”, and the antenna parameters were
then optimized to the values shown in Table 2.

Figure 8 shows the simulated results of reflection
coefficient and mutual coupling of parallel-element MIMO
array using proposed DR antenna. The proposed antenna
resonates at dual frequencies of 10.57 GHz and 11.35 GHz
with an impedance bandwidth of 22.22% (10 GHz to 12.5

(1)

Pe

GHz). The two-element MIMO array gives a flat isolation of
better than 27 dB that is reasonable for a separation of 22 mm
(0.8254, at the center frequency of 11.25 GHz) between the
two elements of the antenna array. Table 3 lists the results
obtained from the proposed antenna array.

Table 2. Detailed parameters of the proposed two parallel-element antenna

Parameter Description Value
Lg Ground plane length 30mm
Wy Ground plane width 40mm
S| Major Slot radius 2.98mm
Sw Minor Slot radius 0.8mm
lstub Stub length 4.5mm
Wi Feed line width 1.5mm
L¢ Feeding line length 22.5mm
h DRA height 9mm
D DRA diameter 6mm
d Element spacing 22mm

Table 3. Results obtained for the proposed two parallel-element MIMO
antenna shown in Figure 4

S. Resonant frequency Reflection Isolation
No (GHz) coefficient (dB) (dB)

1 10.57 -31.34 -27

2 11.35 -21.7 -26.1

i
-

11

=
o

Frequency(GHz)

10k
. -40 g
m L
= \l
g -501 '.I:‘
S i H
o :
-60- : H
:
70} o ]
=80+
-90 ]
i
100 i i i
] 9.5 10 10.5
Figure 7.

10 T == T

S parameters(dB)

¥
3]

-30

-3l

- L 1
40 55 10 105

Correlation coefficient pe versus frequency at different element spacing values

T T T

—S11
e $12

11 15 12 125 13

Frequency (GHz)
Figure 8. S parameters of the proposed two parallel-element MIMO array
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Simulated realized gain of the antenna array is shown in Figure 9. From this figure, it can be observed that the gain at the
resonant frequencies is more than 8 dB; which is sufficient for many wireless applications.
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Figure 9. Simulated gain of the proposed two parallel-element MIMO array
Figure 10 shows the computed radiation patterns of the proposed antenna at 10.57GHz and 11.35GHz. Broadside radiation

patterns are observed with the co-polarized fields generally stronger than the cross polarized fields by 20dB in the boresight
direction.
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Figure 10. Radiation patterns of the two parallel-element proposed antenna (a) xz-plane and (b) yz-plane; Ef (solid) and E¢ (solid -circles)
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The distance of the horizontal antenna from the upper
edge of the substrate is y=11.4mm. The results of the
parametric study to show the effect of the element spacing d

on |Sy| and |S,;| are shown in Fig. 12 and Fig. 13 respectively.

It is seen from Fig. 12 that increasing the element spacing
does not have much effect on bandwidth, but it can give
better matching for antenna 1. Figure 13 shows that
increasing the element spacing results in some increase in
bandwidth, as well as better matching for antenna-2. The
reason for not obtaining similar results for both antennas can
be attributed to the fact that the effect of the edge of the
substrate is not similar for the two antennas.

The other S-parameters |S;,| and |S,4| are also studied and
obtained results are presented in Figure 14 and Figure 15
respectively. It is clear from both Figures that as the spacing
between the elements is increased, the mutual coupling
decreases in general. However, this trend is reversed around
frequency of 12.5GHz. The best found spacing is 12.25mm
with a best isolation of 42.57dB at 12.35GHz for the total
band from 10GHz to 12.5GHz.
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Figure 11. The two orthogonal-element MIMO array using CDR's

antenna (a) Top view and (b) Side view with design dimensions and
parameters
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Figure 12. Simulated |S11] results versus frequency of two orthogonal-element array for different spacing d
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Figure 13. Simulated |S22] results versus frequency of two orthogonal-element array for different spacing d
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Figure 14. Simulated |S12] results versus frequency of two orthogonal-element array for different spacing d
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Figure 15. Simulated |S21] results versus frequency of two orthogonal-element array for different spacing d
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Figure 16. Correlation coefficient versus frequency at various spacing values for the two orthogonal-element array

Figure 16 shows the variations of the calculated correlation coefficient p. with frequency at different element spacing
values of d = 10.25mm, 11.25mm, 12.25mm, 13.25mm, and 14.25mm. In general larger spacing leads to better correlation
coefficient performance.

The dimensions of the proposed orthogonal-elements array after optimization of its element spacing are listed in Table 4.
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Table 4. Detailed parameters of the proposed two orthogonal-element DRA array antenna

Parameter Description Value
Ly Ground plane length 30mm
W, Ground plane width 40mm
S| Major Slot radius 2.98mm
Sw Minor Slot radius 0.8mm
lswo Stub length 4.5mm
Wi Feed line width 1.5mm
L¢ Feeding line length 22.5mm
h DRA height 9mm
D DRA diameter 6mm
d Element spacing 12.25mm
X Horizontal distance 10mm
y Vertical distance 11.4mm

Figure 17 shows the simulated results of reflection coefficient and mutual coupling of the orthogonal-element MIMO array
in dB. The proposed antenna presents an impedance bandwidth of 22.22% (10 GHz to 12.5 GHz) and maximum isolation of
42.55 dB at 12.375 GHz.
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Figure 17. S parameters of the optimized two orthogonal-element MIMO array
Figure 18 shows the computed radiation patterns of the proposed antenna at 10.4GHz and 11.4GHz. From these figures a

broadside radiation patterns are observed. In the XZ-plane, the cross-polar radiations are lower by about 20dB in the
broadside direction.

10.4GHz
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11.4GHz

(b)

Figure 18. Radiation patterns of the proposed two orthogonal-element antenna (a) xz-plane and (b) yz-plane; E0 ant.1 (solid), E¢ ant.1 (solid-circles), EO

ant.2 (solid - *) and E¢ ant.2 (triangles)

3. Conclusions

In the present work, two designs for MIMO array using
CDRA operating in the frequency range 10GHz to 12.5GHz
has been presented for an impedance bandwidth of 22.22%.
The proposed MIMO antennas showed higher isolation as
recommended. The second antenna array offered quite
spatial and polarization diversities by orienting the radiating
elements orthogonally and separating them by minimum
distance. Bandwidth improvement was achieved for both
arrays when the mutual coupling is strong enough, or
element spacing is small. It is concluded that, for a total
bandwidth extending from 10GHz to 12.5 GHz and at a
spacing 22mm the first array gave a best isolation of 27dB,
and 42.55dB for the second array.
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