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A novel dual-band, single element multiple input multiple output (MIMO) dielectric resonator antenna (DRA) with a
modest frequency tuning ability is presented in this communication. The proposed antenna operates at GPS L1/Bluetooth/Wi-
Fi/LTE2500/WLAN2400 frequency bands. A single dielectric resonator element is fed by two coaxial probes to excite the orthogonal
modes. A couple of slots are introduced on the ground plane to improve the isolation between antenna ports. The slots also serve the
purpose of reconfiguration in the lower band on placement of switches at optimized locations. The measured impedance bandwidth
is 5.16% (1.41-1.49 GHz) in the lower band and 26% (2.2-2.85 GHz) in the higher band. The lower band reconfigures with an
impedance bandwidth of 6.5% (1.55-1.65 GHz) when PIN diodes are switched ON. The gain, efficiency, correlation coefficient,
and diversity gain of the MIMO DRA are presented with a close agreement between simulated and measured results.

1. Introduction

Wireless communications advancement has necessitated the
advent of new standards in order to satisfy the market
demands. The Long-Term Evolution (LTE) promises high
data rates to cater for ever increasing application demands.
LTE frequency bands range from 0.7 GHz to 3GHz [1].
The multiple input multiple output (MIMO) communication
systems have received considerable attention to enhance the
channel capacity, link reliability, better network coverage,
and high data rates for mobile wireless networks [2]. MIMO
antennas are deployed to exploit multipath fading in a rich
scattering environment. The fundamental requirement for a
MIMO antenna is to have low signal correlation and mutual
coupling so that multiple signals can be resolved efficiently.
A number of MIMO antennas for LTE and wireless fidelity
(Wi-Fi) applications have been reported in recent literature
[3-5]. Most of them, however, use microstrip antennas whose
efficiency is compromised due to conductor losses at high
frequencies with high power at base stations.

The dielectric resonator antenna (DRA) is an appro-
priate choice for wireless communication systems due to
their inherent benefits that include high radiation efficiency,
no conduction losses, ease of excitation, and more design
freedom [6]. Despite the benefits, little work is carried out on
dual polarized MIMO DRAs [7-10]. A dual-band cylindrical
DRA with orthogonal excitation scheme is presented in [7],
whereas a multiband DRA is presented in [8]. However, the
isolation at lower band is very poor in [8]. The work in [9]
presents a dual polarized cylindrical DRA with good isolation
but a relatively large size. A rectangular DRA for WLAN
applications is presented in [10].

An antenna structure supporting the GPS band along
with the wireless communication bands is much preferred
as it circumvents the requirement of a separate antenna
[11]. Generally, the GPS antennas are right-handed circularly
polarized (RHCP). A GPS-enabled device operates in a
typical urban environment, where the presence of trees and
buildings may force the signal to become left-handed circu-
larly polarized (LHCP). A linearly polarized GPS antenna is a



better alternative to the RHCP antenna as it is less susceptible
to the environmental distortions [4]. A linearly polarized
antenna is able to receive signals from more satellites and thus
provides better coverage.

The multiband and reconfigurable antennas have an
added advantage to cover a much wider spectrum while
retaining the same small size. A few multiband MIMO
antennas that provide the GPS band coverage along with the
other wireless communication bands [4, 12-15] are reported
in recent literature. A quad band MIMO antenna comprising
two PIFA elements is presented in [4]. Two conventional
monopole antennas which are connected by suspended line
to reduce the mutual coupling are presented in [12]. In [13, 14],
design of dual feed multiband antenna is proposed. In [15], a
MIMO antenna comprising two planar inverted F antennas
and five inverted F antennas is proposed for GPS and wireless
communication bands.

The main contribution of this work is the design of a
single element, dual-band MIMO DRA having a modest
frequency agility capability that covers the GPS L1 band along
with a number of LTE bands. The frequency agility is obtained
through PIN diodes placement on the ground plane. Reason-
ably good isolation is achieved between the antenna ports in
both configurations. Perturbation techniques are employed
to widen the impedance bandwidth, whereas the slots intro-
duction on ground plane helps enhance isolation along with
reconfiguration capabilities. To the best of our knowledge,
this is the first single element, dual-band MIMO frequency
agile DRA which integrates the GPS and LTE bands.

Section 2 describes the antenna design and geometry.
In Section 3, the working principle of design is investigated
through a parametric study. Frequency agility by employing
tabs on the slots is demonstrated in Section 4. Section 5
provides the experimental results including S-parameters,
antenna efficiency, and gain, whereas MIMO parameters like
correlation coefficient, diversity gain, and mean effective gain
are presented in Section 6. Finally, Section 7 concludes the
current communication.

2. Antenna Design and Geometry

A cross shape DRA of ¢, = 10 is placed on a (100 x 100 x
1.6 mm’) FR4 substrate of ¢, = 4.6. Two coaxial probes excite
the structure for a MIMO operation. On the ground plane,
two rectangular slots of length =17 mm and width =2 mm are
placed around the feeding probes for isolation enhancement.
Two PIN diodes are placed on the slots as shown in Figure 1.
The ON-OFF combination of the PIN diodes resonates the
structure in two different configurations. Figure 1 also shows
the DC slot lines for ground separation, DC bias lines, and a
number of capacitors and inductors. A cylindrical air gap of
radius a, =7 mm and height = 23 mm is drilled in the center
of the DRA and the edges are chamfered for slight tuning of
the lower band. The optimized antenna parameters after the
parametric study of the design are summarized in Table 1.
Dual-band operation is obtained by exciting a fundamen-
tal mode and a higher-order mode. For a MIMO system, the
excited modes should have the same resonant frequency and
the shared impedance bandwidth. The placement of feeding
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TaBLE 1: MIMO antenna design parameters.
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FIGURE I: Schematic of the proposed antenna showing bottom, 3D,
and top views. The bottom view depicts slots, DC bias lines, diodes,
capacitors, and inductors.

ports at optimized locations not only guarantees the same
resonant frequencies but also ensures the quasi orthogonality
of the respective modes.

3. Parametric Study

The initial dimensions of the structure are approximated
using the dielectric waveguide model in [16]. The dual-mode
resonant frequencies of the rectangular DRA are given as

2 2 2
Sz Kl T Ky + KZ 2o (1)

1,x:
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FIGURE 2: Electric field patterns of port 1: (a) 1.47 GHz and (b) 2.31 GHz.
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FIGURE 3: Simulated reflection coefficient with dimensions calculated using DWM.

where

Koz = \/Kiz Ko+ K )

yl,y2°
where c is the speed of light.

Both ports excite two modes. For lower-order mode,
ky =k, = m/b,and k,; = k,, = m/a. Similarly, for the
higher-order modes, k), = k,, = 27/b,and k,; = k,, =
2m/a.

The E-field patterns corresponding to the lower and
higher resonance frequencies are shown in Figure 2. It is
evident from Figure 2 that the modes excited through port

lare TEj,;, and TEj,,. The symmetrical feeding port 2 excites
TE{ 81 and TE;M. The excited modes are quasi-orthogonal,
which help achieve polarization diversity.

DRA of dimensions (40 x 40 x 23 mm?’) resonates at
1.6 GHz and 2.15 GHz but has an inadequate matching and a
narrow bandwidth as shown in Figure 3. The isolation at the
lower band is high and it needs to be addressed. Moreover,
shifting of the higher band is desired to cover the Wi-Fi
2.4GHz and LTE 2.5 GHz bands. A number of techniques
that include the (1) perturbation in DRA shape, (2) insertion
of a cylindrical air gap, and (3) placement of slots on the
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FIGURE 5: Simulated reflection coe

ground plane are used to tune the structure to the desired
bands.

The details of the parametric study on these parameters
are described in following sections. All the simulated results
described here are obtained using HESS v.15.0 [17]. Due to

the symmetry of the design, S,, and S,, are exactly the same;
therefore only S, is shown in Figures 3-6.

3.1. DRA Shape. The resonance frequency can be shifted by
introducing a cavity perturbation inside the DRA. A cross
shape DRA perturbation is chosen to preserve the design
symmetry. Symmetrical notches (23 mm x 23 mm) carved
from the DRA corners result in an enhancement of the

fhicient with slots on the ground plane.

impedance bandwidth [18], as shown in Figure 4. The higher
band shifts to the required bands after the perturbation;
however, the coupling at lower band is high.

3.2. Slot Length. A slot on the ground plane between two
antenna elements alters the current path, thereby reducing
the mutual coupling [19]. Around each feeding port, a rect-
angular slot is introduced to enhance the isolation between
two ports of the single radiating structure. The parasitic slots
placed on the ground plane of the DRA alter the resonance

frequency and result in a much wider impedance bandwidth
[20], as shown in Figure 5.
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Figure 6 shows the effect of slot length variation on the
simulated S-parameters. The resonance frequency decreases
with an increase in the slot length. The slot length of | =

17 mm is selected for final design choice in order to meet the
requirements of both bands.

3.3. Cylindrical Air Gap. The variation of the reflection
coeflicient with the cylindrical air gap radius (a,) is shown
in Figure 7. With an increase in the radius, the resonance
frequency also increases as the volume of the DRA becomes

smaller. A value of a, = 7mm is chosen to ensure the LTE
band X1 requirements.

4. Isolation Enhancement
and Frequency Agility

Figures 8(a) and 8(b) show surface current distributions with
slots at 1.47 GHz and 2.4 GHz, respectively, whereas Figures
8(c) and 8(d) are the current distribution without slots. It is
obvious that, without slots, the coupling between two feeding
ports is high. The presence of slots on the ground plane
prevents the current flow from reaching the other port and
lowers the coupling at both bands.
In order to integrate the GPS L1 bands with LTE bands,
frequency agility in the lower band is desired. The frequency
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FIGURE 8: Current distribution plots (a) with slots at 1.47 GHz, (b) with slots at 2.4 GHz, (c) without slots at 1.47 GHz, and (d) without slots

at 2.4 GHz.



International Journal of Antennas and Propagation

Port 1 %

}Position 1

}Position 2
Position 3 { [ — ]

Port 2

()

—10 4

Reflection coefficient (dB)
I
s
1

~20 4
-25
-30 T T T
1 1.5 2.0 2.5 3.0
Frequency (GHz)

—— Tab position 1
- -~ Tab position 11
------ Tab position 111

(b)

FIGURE 9: Simulated reflection coefficient for different tab positions.

FIGURE 10: Prototype of the fabricated antenna along with the slots on the ground plane.

agility is realized by providing an alternate current path
between the portions of the ground planes separated by
slots. The new current path is provided by placing ideal tabs
(of size 2mm x 2mm) on the slots. The presence of tabs
represents an ideal short circuit between two portions, while
the absence represents an ideal open circuit. The presence
of tab decreases the effective slot length and causes a shift
of resonance frequency. The amount of shift depends upon
the location of tab. Three different tab locations and the
corresponding reflection coefficient are shown in Figure 9.
The required frequency agility in the lower band is achieved
by selecting tab position 1 in the final design.

To accurately study the frequency agility characteristics
of the proposed antenna, the tabs are replaced by PIN diodes.
PIN diodes BAR-64-02V from Infineon Technologies [21]
have been used. The diodes exhibit low capacitance (0.17 pF)
and resistance (1.5 Q) with a forward biased current of 10 mA.

An insertion loss of 0.6 dB and a high isolation from 1 MHz
to 6 GHz make them appropriate choice for the proposed
design. The ground plane is detached by 0.3 mm DC slot
lines for the purpose of DC isolation. A number of 100 pF
capacitors are placed at the DC slot lines to allow effective RF
wave connection. The DC bias lines that turn ON and OFF
the two PIN diodes are terminated by 68 nH inductors. The
inductors create high impedance and prevent the RF signal
from flowing into the bias lines.

5. Simulation and Experimental Results

A prototype of the designed antenna is fabricated to validate
the simulated results. The fabricated antenna and the ground
plane with biasing circuitry are shown in Figure 10. Measure-
ments were carried out using a 4-port Agilent E5071C ENA
network analyzer. The measured and simulated reflection
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FIGURE 12: The simulated and measured S-parameters (dB) for the second configuration (PIN diodes switched ON).

coeflicients for the first (PIN diodes OFF state) and second
configurations (PIN diodes ON state) are shown in Figures 11
and 12, respectively. The symmetrical design depicts a similar
behavior for port 2 reflection coefficient S,, (dB); however, it
is not shown due to brevity.

A close agreement has been found between simulated
and measured results. The small discrepancies owe to the
tolerances of bias components, the diode package parasitic,
and/or the fabrication accuracy of the design.

The simulated and measured port 1 copolarization and
cross-polarization radiation patterns for both configurations
corresponding to four different frequencies are shown in

Figure 14. The antenna has the maximum radiation pattern
in the broadside direction with a good isolation between the
copolarization and cross-polarization levels, which ensures
an excellent MIMO performance. The port 2 copolarization
and cross-polarization radiation patterns show similar behav-
ior; however, they are not shown due to brevity.

The total antenna efficiency # for both ports is expressed
as

M total = H1,rad (1 - lsul2 - |312|2) >

M2 total = H2,rad (1 - l822|2 - |821|2) :



International Journal of Antennas and Propagation

Gain (dBi)

2.0 2.5 3.0

Frequency (GHz)

—— Simulated port 1
- -~ Simulated port 2

--— Measured port 1
---— Measured port 2

FIGURE 13: Simulated and measured gain for both ports.

TABLE 2: Antenna radiation efficiency and gain.

f (GHz) 1 % 1, % Gain (dBi)
1.47 88.9 88.6 4.83
1.57 87.4 871 5.27
2.4 91.3 91.1 4.92
2.5 89.4 89.7 4.70

The total antenna efliciency is summarized in Table 2.
The simulated and measured antenna gains are shown in
Figure 13.

6. MIMO Performance Evaluation

For MIMO performance evaluation, the envelope correlation
coefticient (ECC), diversity gain (DG), and the mean effective
gain (MEG) are computed. The envelope correlation coeffi-
cient (ECC) provides a measure of the antenna spectral effi-
ciency. A low value of ECC is desired for better performance.
The ECC can be approximated through the S-parameters and
the far-field radiation patterns as

p= |51, + SLSzzIZ
(1 - (|511|2 + |321|2)) + (1 - (|Szz|2 + |512|2))

- . (4)
_ EGE @.94f
VI B @9 aa [ [, |E (0.9 a0
where E;(0,¢) = Epay + Eipfz; is the radiation field

corresponding to the ith port, Eg and Eg are radiation field
components in ay and dg directions, and * denotes the
complex conjugation [22]. The simulated and measured ECC
for the first configuration are shown in Figure 15.

The diversity gain is another important parameter for
MIMO antennas. It provides the diversity characteristics and
is closely associated with envelope correlation coefficient. The
lower the envelope correlation is, the better the diversity gain
is. The diversity gain is given as

DG = 104/(1 - [0.99p|*). (5)

The mean effective gain (MEG) defines the power received at
antenna while taking into account the effects of antenna radi-
ation efficiency, radiation power, and the propagation effects
[22]. The envelope correlation coeflicient, diversity gain, and
mean effective gain values at four operating frequencies are
summarized in Table 3. From Table 3, it is clear that the
proposed antenna satisfies the diversity criteria: ECC < 0.5
and IMEG, /MEG,| < 3dB [22].

7. Conclusion

A dual-band MIMO DRA with a reconfigurable lower band
is designed and implemented. Two feeding probes excite
orthogonal modes in a cross shape DRA to resonate it at
1.47 GHz and 2.4 GHz simultaneously. The isolation between
two ports is enhanced by placing slots on the ground plane. By
switching the PIN diodes ON, lower band shifts by 100 MHz.
The antenna covers a number of different LTE bands and
GPS/L1 band when operated in one of the two possible
configurations. The presented results, envelope correlation
coeflicient, diversity gain, and the mean effective gain make
it suitable choice for MIMO LTE applications.
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TaBLE 3: Diversity performance of the proposed structure.

f (GHz) MEG, (dBi) MEG, (dBi) IMEG1/MEG2| (dB) ECC DG
1.47 -3.12 -3.14 0.02 0.05 9.97
157 -3.75 -3.76 0.01 0.06 9.95
24 -3.32 -3.30 0.02 0.02 9.98

2.5 -3.52 -3.53 0.01 0.02 9.98
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