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ABSTRACT A Coplanar waveguide (CPW) fed multi-permittivity and stair shaped dual rectangular

dielectric resonator antenna (RDRA) has been designed for ultra-wideband (UWB) applications in multiple-

input multiple-output (MIMO) configuration. Isolation improvement has been obtained by means of

modified CPW feeding and a metallic diagonal stub in the proposed structure. The simulated results have

been validated by prototype designing and performing measurements. The electrical size of the proposed

antenna configuration is 1.12λ0 × 1.12λ0 × 0.25λ0. The measured input impedance bandwidth of the

antenna is 153.6% (1.6-12.2 GHz) with a minimum of 25 dB isolation between the radiators in the operating

band. Measured results illustrate the satisfactory performance of proposed UWBMIMO antenna with a low

envelope correlation coefficient and low mutual coupling throughout the desired frequency range.

INDEX TERMS Ultra-wideband, dielectric resonator antenna, isolation.

I. INTRODUCTION

There are several benefits of ultra-wideband (UWB) technol-

ogy like low cost, high data rate, etc. [1], [2]. The federal

communication commission (FCC) has defined frequency

range of 3.1-10.6 GHz for ultra-wideband unlicensed band

which has drawn attention in wireless sensor networks,

wireless healthcare systems. UWB antennas are facing some

challenges in terms of electromagnetic interference, signal

path fading etc. [3]–[8] and to resolve these issues, multiple-

input multiple-output (MIMO) antenna systems are being

designed with UWB technology. MIMO antennas are able to

transmit multiple de-correlated signals with same power level

simultaneously through spatially parallel channel [9], [10].

The MIMO system was used to limit the degradation

caused by multipath propagation [11]–[14]. The diversity

performance of MIMO antenna is required low envelope

correlation coefficient values, and MIMO can be categories

in the single radiator and multiple radiators [15]–[17].

Thus, designing of UWB antennas in MIMO arrangement

is needed to enhance the antenna performance. Moreover,

the metallic antenna becomes a poor radiator at higher

frequencies and may be replaced by a dielectric resonator

antenna (DRA). DRAs offers several advantages such as low

losses, high radiation efficiency, less surface wave loss and

large impedance bandwidth [18]–[21].
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FIGURE 1. A pictorial description is showing flow chat of published
papers from the literature survey.

Literature survey reveals that extensive research papers are

available in UWB and MIMO patch antennas independently.

Also, a considerable amount of study has been done on

UWB using patch antennas for MIMO applications. In the

context of a dielectric resonator as radiating element, research

conducted on simultaneous operation of UWB and MIMO

technology is very few in literature. A pictorial graph

has been shown in Fig. 1, where the amount of research

conducted in different concerned areas has been collected

through a literature survey. Thus, from observation, it has
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TABLE 1. Comparison of Wideband MIMO DRA antenna with proposed work.

been found that very few research study has been conducted

on these three technologies (DRA + UWB + MIMO)

altogether, which can make antenna performance more

efficient. This is the research gap identified, which led

to the urge for designing UWB antennas using dielectric

resonators in MIMO arrangement. Although, there are some

antenna designs proposed in recent years which are listed

in Table 1 and compared with proposed work. In [3]–[8],

ultra-wideband DRA has been proposed but the features of

MIMO systems are missing. Again, some MIMO designs

were also proposed [24], [25], but the feature of ultra-wide

bandwidth is missing. In [26]–[32], authors have proposed a

new compact DRA based ultra-wideband antenna designed

in MIMO configuration. Motivated from [26], [27], a new

ultra-wideband DRA is presented for MIMO applications

in this article, and corresponding results are verified by

measurements.

II. ANTENNA DESIGN EVOLUTION AND THEORY

A. ANTENNA CONFIGURATION AND FLOW DIAGRAM

The 3D-layout of the proposed UWB MIMO antenna

based on modified co-planar waveguide feeding is shown

in Fig. 2 with relevant dimensions provided in the caption.

Fig. 3(a-b) shows the prototype of the proposed design.

It consists of two pair of dual stair shaped RDRA of different

permittivity (εr = εr =9.8 and εr = εr = 20) which

are placed at an orthogonal position. Next, a diagonal stub

is overextended symmetrically in between DR assembly at

an angle of 45◦ for manipulating the current path in order

to improve coupling among the fields of both DRs. The

modified arc shape (Ar ) CPW feeding and diagonal stub

(DsDs) is responsible for improving the isolation between the

dielectric radiators.

Fig. 4 shows the chronology of the proposed antenna. The

flow diagram expresses the design evolution of whole steps

performed for achieving the ultra-wideband performance

with good isolation. Initially, homogeneous rectangular

DRAs is designed in orthogonal arrangement fed by an

L–shaped microstrip feeding placed beneath the DRA

with wide bandwidth performance obtained due to the

co-planar waveguide feeding. In the second design step-2,

the RDRA has been modified into stair–shaped form with

multi-permittivity approach to achieve the ultra-wideband

FIGURE 2. Schematic of proposed antenna (a) 3-D view and (b) top view
[all dimension are in mm: W =48, W1=3, W2=8, W3=3.6, W4=1.6, W5=1,
Wdr =3, hdr =10, hsubstrate =0.8, L =48, Ds =30, Ldr1=10, Ldr2=12,
h1=3 and h2=2.6εdr2 and εdr4 = εr = 9.8 and εdr1 and εdr3 εr = 20].

performance. In the remaining steps, the co-planar waveguide

feeding has been modified into arc-shaped ground plane

and a diagonal metallic stub has been introduced between

the radiators. This is done in order to achieve the iso-

lation between the DRA elements. Finally, incorporating

these design paramters for getting isolation improvement

in ultra-wideband antenna to get ultra-wideband MIMO

antenna. Initially, an ultra-wideband DRA design is planned

by optimizing the shape and permittivity of RDRAs.

Then, to achieve good isolation, CPW feeding is modified

in arc-shaped, and a diagonal stub is added, which is

further optimized to get the desired objective. There are few

ultra-wideband antennas inMIMO configurations which uses
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FIGURE 3. Prototype structure of the proposed antenna (a) 3-D view and
(b) top view.

FIGURE 4. Flowchart showing the design procedure to achieve final
proposed antenna configuration.

dielectric resonators as radiating element. This is because,

getting a very good isolation between the radiators in an

ultra-wide frequency range is difficult and also it is difficult

to maintain that isolation in the entire band. This has been

achieved in this paper by simultaneous effect of diagonal stub

and co-planar waveguide feeding.

B. ANALYSIS OF ULTRA-WIDEBAND DESIGN

In this section, the process of achieving ultra-wide band-

width is discussed, followed by the investigation of

isolation improvement in next section. Simultaneous use

of multi-permittivity dielectric resonators and stair shaped

arrangement has been used for getting ultra-wideband

response. The stair-shaped RDRA arrangement and the

L-shaped feeding helps in exciting the fundamental TE111
and higher oreder TE113 mode and merging of them. Also,

by using multi-permittivity approach the effective dielectric

constant is reduced which leads to further reducing the

radiation Q-factor and accordingly the impedance bandwidth

increases. In Fig. 5(a) and Fig. 5(b) shows the S11 and S21
parameters for different antenna stages, respectively.

FIGURE 5. Simulated results of |S11| and |S21| for achieving
ultra-wideband performance.

Initially, a single RDRA is excited by a microstrip network

using CPW fed technique due to which one wideband is

obtained at a higher frequency range. Another RDRA with

same permittivity and same feeding is positioned in an

orthogonal fashion. It has been observed that impedance

bandwidth is increased in the form of triple band; however,

isolation of approximately 11 dB is reported. Further, in the

next step, shape of RDRAs is modified into stair shape form

by removing a small portion along DRA length side. In this

case, two bands are obtained but isolation is same. In the last

step, different permittivity is used to increase the impedance

bandwidth by merging of two band of the previous steps of

antenna design. Here, the increasing of impedance bandwidth

follows the multi-layer multi-permittivity (MLMP) concept,

where DR1 and DR3 have εr = 20 whereas DR2 and

139660 VOLUME 8, 2020



M. M. Sani et al.: UWB RDRA With MIMO Configuration

FIGURE 6. Simulation results for different feed steps of (a) |S11| and
(b) |S21|.

DR4 have εr = 9.8 respectively. Fig. 6(a) represent the

|S11| parameter for different feed steps used in different

permittivity of RDRA. Initially, RDRAs is excited by a

straight horizontal microstrip feed network as a result of

which wideband is obtained at a lower frequency range.

Next, the L-shape feed network is used for excitation of

RDRAs. It has been observed that impedance bandwidth

has decreased, but isolation between the radiators is almost

the same throughout the operating frequency range in both

steps of feed networks. The responsible modes excited in

the DRA due to feed network and stair shape arrangement

is responsible for wide bandwidth as dipslayed in Fig. 7.

Further, the proposed feed network is used for excitation

of RDRAs. In Fig. 6(b), the isolation of antenna has been

discussed by different steps of antenna design. In step-1 and

in step-2, the isolation between the radiators is almost similar

to week isolation. In the proposed antenna step (step-3), the

antenna produced good isolation between the radiators, due

presence of two isolation elements; one is a diagonal stub (Ds)

and other is arc shape (Ar ).

C. ISOLATION MECHANISM

The isolation reduction between the radiators with correspos-

nding physics is explained through a schematic diagram as

illustrated in Fig. 8. In physics, coupling or energy transfer

FIGURE 7. E-field distribution inside RDRAs at (a) TE111 at 4.8 GHz and
(b) TE113 at 6.8 GHz.

FIGURE 8. Schematic diagram of field orientation inside RDRAs.

at any region of space due to several sources of radiation

is dependent on the interaction of field components at a

particular region of space. Electric and magnetic fields are

vector fields; thus, the amount of coupling depends on both

net magnitude and direction of fields at a particular point.

In this work, the idea is to excite the samemodes (δTEx
11TE

x
111

and TE
y
111 δTE

y
11) in RDRAs in different phase so that the

net direction of field components radiated from the RDRAs

propagates in opposite direction and thus less energy is

coupled between them. An extended diagonal stub is inserted

between them and CPW feeding is modified to acquire the

opposite field. Fig. 9 shows the radiated fields in same

direction in the absence of diagonal stub and modified arc in

the ground plane. Both RDRAs are influenced by the fields,

thereby providing less isolation. But after the introduction of

diagonal stub and modified arc ground plane, the net radiated

fields propagate in the opposite direction, therefore, isolation

between the radiators has enhanced. The E-field distribution

in Fig. 9(a) are in the same direction and for Fig. 9(b), 9(c)

and 9(d), it is in opposite direction.

The mutual coupling in the proposed design is improved

by ‘‘two’’ alterations in the conventional CPW feeding. The

first modification is done by changing the CPW feeding

in arc shaped defined by the parameter Ar and secondly,

an extended diagonal stub is inserted between the radiators

defined by the parameter Ds.
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FIGURE 9. E-Field distribution inside the RDRAs at 7.2 GHz (a) without
stub (Ds) and no arc (Ar), (b) without stub (Ds) and modified arc (Ar),
(c) with stub (Ds) and no arc (Ar) and (d) with stub (Ds) and modified
arc (Ar).

FIGURE 10. Simulated |S 21| values with varying Ar at different values
of Ds.

As the two pairs of rectangular dielectric resonator are

excited by a CPW feeding, the return current (from the return

conductor) is shared by both radiators, such that the common

current induced in the ground plane significantly affects

the electromagnetic interaction between them. Therefore,

by variation in the return conductor design, a change in

mutual coupling or isolation improvement is expected. For

this purpose, the return conductor is slightly modified into

arc-shaped at the outer edge of ground plane and its arc-radius

is varied for different values of diagonal stub as plotted

in Fig. 10. The second parameter is the diagonal stub whose

length is varied in between the radiators. By changingDs, the

current at the two input terminals has been revised to excite

the required modes in the DRA which results in reversing

their phase. With the insertion of diagonal stub, the path

FIGURE 11. Simulated |S 21 | values with varying Ds at different values
of Ar.

FIGURE 12. Simulated results of |S11| and |S21| by varying Arc radius (Ar).

length is altered in the return conductor such that current

in the feeding strip responsible for exciting the dielectric

resonator is also changed. Fig. 11 shows the maximum

isolation achieved in the design by varying the diagonal

stub length at different values of arc-radius. Thus, these

two parameters Ar and Ds are responsible for changing the

isolation level in the design. With reference to Fig. 10,

it has been observed that maximum isolation is obtained

at Ds = 30 mm with Ar = 36.5 mm. Next, With reference

to Fig. 11, best isolation is obtained at an optimized value

of Ar = 36.5mm. with Ds = 30 mm. Now, Fig. 12 shows
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FIGURE 13. Simulated results of |S11| and |S21| by varying Ds strip.

the s-parameters of the proposed design for optimized Ds
= 30 mm at different values of Ar . It has been observed

that, the impedance bandwidth does not significantly change

but a change is isolation is obtained. This is because, the

impedance bandwidth is achieved due to the stair-shaped

arrangement of DRAs and their multi-permittivity materials.

Same result is obtained when s-parameters are plotted at

optimized value of Ar = 36.5 mm at different values of Ds as

shown in Fig. 13. In this case also, the impedance bandwidth

nearly remains same but a change in the isolation significant.

This analysis also confirms that the isolation in the proposed

design is obtained due to the variation in the CPW feeding

geometry while maintain ultra-wide bandwidth.

In short, In Fig. 12(a) and Fig. 12(b), the |S11|S11 and |S21|

of the antenna design are shown. It is observed that no change

in | S11| is noticed by varying the modified arc shape (Ar )

radius values but |S21| has been changed. Similar analysis

has been done by varying the stub length (Ds) and it has been

observed that | S11| is almost same but |S21| is changed, which

is shown in Fig. 13(a) and Fig. 13(a) respectively. The surface

current distribution at 5.6 GHz is shown in Fig. 14 by varying

stub length (Ds) from 0mm to 30mm. From this analysis, it is

found that without diagonal stub, the surface current strength

is almost the same in both port 1 and port-2 feed network

port 2 feed network when the source is applied at port 1.

When the diagonal stub is used and increased its length stub,

FIGURE 14. Surfaces current distribution by varying stub length Ds at
5.6 GHz.

the surface current is decreased from port 1 to port 2 due

to manipulation of surface current distribution direction by

the diagonal stub. The parametric analysis has been carried

out for getting optimized value of antenna parameters. This

optimized value is used to designed the proposed antenna and

fabrication.

III. PARAMETRIC ANALYSIS

A. OPTIMIZATION OF DIELECTRIC CONSTANT (εr)

The concept of multi permittivity concept is used in this

design in order to enhance the impedance bandwidth of

proposed design [18]. As the Q-factor theory illustrates that

resonance frequency is inversely proportional to the permit-

tivity and radiation Q-factor is directly proportional to the

permittivity of the DRA. Multi permittivity layers can have

different radiation Q-factors and resonance frequencies. The

multi permittivity arrangement could be used to control both

radiation Q-factor and resonance frequency simultaneously.

Here, optimizing the dielectrics constant values of the rect-

angular dielectric resonator (RDRs), optimum performance

has been achieved. From Fig. 15(a) and Fig. 15(b) shows the

S-parameters for different combination of dielectric constant

of RDRAs (i.e DR1 and DR3 both are same permittivity,

DR2 and DR4 both are same permittivity). However, from

parametric analysis, it is observed that the combination of

RDRAs with different permittivity constant (εdr(DR2 and

DR4)= 9.8 and εdr(DR1 and DR3)= 20.0) has obtained best

ultra-bandwidth and good isolation between the radiators.

The impedance bandwidth is 153% and isolation is approx.

25 dB between the radiators at chosen value of permittivity.

B. OPTIIMIZATION OF LENGTH OF RDRs (Ldr )

Stair shape RDRAs are mentioned in Fig. 16 to illustrate

the parametric analysis for rectangular dielectric resonator

(RDRs) length. The stair shape is obtained by optimizing

the length of RDRAs. Here, the combination of DR1 and

DR3 have same length whereas the combination of DR2 and

DR4 have same length. In this case, stair shape arrangement

is one of the approach for exciting multiple modes and

merging them for wideband appicaitons due to which the

bandwidth of the antenna is increased. In Fig. 16(a) and
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FIGURE 15. Simulated results of parametric analysis of dielectric
resonator permittivity (a) |S11| and (b) |S21|.

Fig. 16(b), parametric analysis of DR1 length (Ldr1) and

DR2 length (Ldr2) is represented. Here, it is clearly seen

that different combination of Ldr1 and Ldr2 provides good

impedance bandwidth and isolation between the radiators.

By the analysis of this RDRs arrangements, it is noticed

that the maximum impedance bandwidth and good isolation

between the radiators at Ldr1 = 10 mm and Ldr2 = 12 mm

has been found, which is shown in Fig. 16(a) and Fig. 16(b)

respectively.

C. PARAMETRIC OF TOTAL ACTIVE REFLECTION

COEFFICIENT (TARC)

For multi-port system scattering parameter is not enough

to suitably characterize the MIMO antenna system. Total

active reflection coefficient (TARC) is important parameter

for multiportMIMO system antenna. The effects is took place

into the consideration, when ports of MIMO antenna system

are fed with different phases of signal. The TARC can be

calculated by using this formula given by Eqn.1.

Ŵ
t
a =

√

(

∣

∣S11 + S12 e
jθ

∣

∣

2
+

∣

∣S21 + S22 e
jθ

∣

∣

2
)/

2 (1)

where θ is the phase difference between two feeding ports.

As shown in Fig. 17, the TARC of the proposed antenna

FIGURE 16. Simulated results of parametric of RDRAs lenght Ldr1 and
Ldr2 (a) |S11| and (b) |S21|.

FIGURE 17. Simulated parametric analysis of TARC.

is illustrated. In Fig. 17 illustrated, the simulated TARC

with phase varying from θ = 0◦ to 180◦ by the interval

of 30◦. It has been notice that the TARC throughout operating

frequency band is similar the original behavior of the antenna

characteristics.

D. PARAMETRIC OF VERTICAL STRIP POSITION (VSP)

In this section, illustration of vertical strip position (VSP)

for antenna designing is performed. In VSP-1, one vertical

strip is attached with both (DR1 and DR2) and other vertical
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strip is attached with DR2 only. At this position, distance

between the two vertical strips is maximum. Next in VSP-2,

one strip is attached with both DRs (DR1 and DR2) and

other strip attached with DR2, such that both strips are

closed to each other. Again in VSP-3, one vertical strip is

attached with DR1 and other vertical strip is attached at the

middle of the DR2. Further in VSP-4, one vertical strip is

connected with DR2 and other vertical strip is connected at

the middle of the DR2. Finally in the proposed (VSP-5), one

vertical strip is connected with both (DR1 and DR2) and one

vertical strip connected at the middle of the DR2. From the

microstrip transmission line theory, transmission line under

the beneath of the dielectric resonator, strong coupling ‘x’ is

slightly shorter than one-quarter electrical wavelength of the

resonance frequency.

FIGURE 18. Simulated results of different vertical strip position (VSP)
(a) |S11|, (b) |S21| and (c) strip length (x).

As shown in Fig. 18, here ‘x’ is 7mm which is slightly

shorter than the electrical wavelength at the resonance

frequency, as shown in Fig. 18(c). From Fig. 18(a) and

Fig. 18(b), the value of ‘x’ satisfies the position of vertical

microstrip in case VSP-5.

E. GROUND PLANE ANALYSIS

To illustrate the effect of ground plane, the overall ground

plane size has been increased to 60 × 60 mm2 and 70

× 70 mm2 while maintaining the location of rectangular

DRAs same as of the proposed design (with 48 × 48

mm2). Due to this, the arc radius value has changed. Now,

we have already shown that the arc radius is responsible for

altering the isolation performance while insignificant change

in impedance bandwidth which is again verified here by

plotting the s-parameters with different ground size. In order

to address the situation when large ground plane will be

required, we have performed some simulations considering

large ground plane and the corresponding s-parameters are

shown in Fig. 19. Thus, varying the ground plane size will

significantly affect the isolation performance

FIGURE 19. Simulation results for varying ground plane size (a) |S11| and
(b) |S21|.

IV. MEASURED RESULTS AND DISCUSSION

The proposed antenna design has been fabricated and

simulation results have been verified. The input reflection
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FIGURE 20. The simulated and measured S-parameters of the proposed
antenna (a) |S11| and (b) |S21|.

coefficient measurement of the proposed antenna was

performed by using the PNA network analyzer. The sim-

ulated and measured S-parameters results demonstrated a

reasonable agreement, as shown in Fig. 20(a-b). From the

measured result, it is clearly observed that the sufficient

frequency band of 1.6 to 12.2 GHz for UWB MIMO DRA

with 153.6% impedance bandwidth has been obtained which

is shown in Fig. 20(a). While high isolation below 25 dB

is achieved in the proposed design as shown in Fig. 20(b),

due to the inclusion of the modified arc shape ground plane

(Ar ) and diagonal stub (Ds). In Fig. 21, the simulated and

measured xz-plane radiation pattern at different frequencies

3.1, 5, 7, 9.4, 10.8 and 11.8 GHz. It has been perceived that

good agreement between simulated and measured results in

the broadside direction has been obtained. From radiation

pattern plot at Fig. 21 in the we would like to say that, for

a UWB antenna, the radiation pattern must be consistent

throughout the operating band which is the objective to

show the radiation pattern at different frequencies. Also,

the co-cross difference is also more than 15 dB which is a

standard acceptable value used in antenna technology. For

the satisfactory performance of MIMO antenna has been

FIGURE 21. Simulated and measured normalized radiation pattern in
xz-plane at (a) 3.1 GHz, (b) 5 GHz, (c) 7 GHz (d) 9.4 GHz and (e) 10.8 GHz
and (f) 11.8 GHz.

required to evaluate the diversity performance of the proposed

antenna by various parameters i.e. diversity gain (DG),

envelop correlation coefficient (ECC) and channel capacity

loss (CCL). Calculation of ECC by using S-parameters is

defined as [33].

ECC =

∣

∣S∗
11S12 + S∗

21S22
∣

∣

2

(

1 − |S11|
2 − |S21|

2
) (

1 − |S22|
2 − |S12|

2
) (2)

The directive gain can be calculated according to the

following equation.

Diversity Gain = 10
√

1 − ECC2 (3)

The simulated and measured results of the proposed UWB

MIMO antenna are in reasonable agreement. In Fig. 22,

it is has been observed that across the entire operating band
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FIGURE 22. Simulated results of ECC of the proposed antenna.

the ECC <.003, which satisfies the low ECC criteria (ECC

<0.3). Here, calculated results of ECC from S-parameter

and 3-D far field pattern both are obtained almost similar

throughout the operating frequency range. In Fig. 23(a),

the diversity gain (DG) of antenna approximately 10 dB,

which also fulfils the criteria.

FIGURE 23. Simulated results of DG and CCL of the proposed antenna.

The channel capacity can be evaluated by the following

formulas.

Closs = − log2

(

det
(

ψR
))

(4)

The receiving antenna correlation matrix is represented by

ψR and define as

ψR =

(

ρ11 ρ12
ρ21 ρ22

)

(5)

ρij = 1 −

(

∣

∣Sij
∣

∣

2
+

∣

∣Sij
∣

∣

2
)

and

ρij = −

(

S∗
iiSij + S∗

jiSjj

)

for i, j = 1or2 (6)

The measured variation of channel capacity loss (CCL)

within operating frequency is under 0.7 bps/Hz, as shown

in Fig. 23(b) which is acceptable for a practical MIMO

system. The gain of the proposed UWB MIMO antenna is

shown in Fig. 24, where the average gain of 4.72 dBi is

obtained in the operating band.

FIGURE 24. Simulated and measured results of the total gain of the
proposed antenna.

FIGURE 25. Simulated and measured results of TARC of the proposed
antenna.

Fig. 25 shows the simulated and measured results of

TARC of the proposed antenna. The simulated and measured

results are slightly different due to presence of glue between

the rectangular dielectric resonator antennas (RDRAs) and

between the microstrip feed line network and the RDRAs.

The radiation and total efficiency plot of the proposed

antenna is depicted in Fig. 26. The radiation efficiency is

approximately 89 % and total efficiency is approximately

88% throughout the operating frequency range.
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FIGURE 26. Simulation results of radiation efficiency of the proposed
antenna.

V. CONCLUSION

In this letter, An Ultra wideband DRA is presented in MIMO

configuration which has achieved 25 dB of isolation in

the entire band (1.6-12.2 GHz) with 153.6% of impedance

bandwidth. The ultra-wideband performance is dependent

upon the shape and multipermittivity of RDRAs. Whereas,

the isolation in the MIMO design has been achievd due to

the combined effect of modified CPW feeding and extended

metallic diagonal stub which minimizes the electromagnetic

interation between the radiators.
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