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Abstract – A compact planar multiple input multiple out-
put (MIMO) antenna with four elements spanning the
ultra-wideband (UWB) is proposed for diversity applica-
tions. The unit cells are positioned orthogonally to lower
the mutual coupling by replicating the single antenna
three times. A 35 × 35 × 1.6 mm3 UWB MIMO
antenna is provided with a 50-Ω impedance microstrip
line on a 1.6-mm thick FR4 substrate. In the radiator and
ground plane, some modifications are made to achieve
the operating limits of this antenna between the frequen-
cies of 3.1-10.6 GHz, thereby covering the entire fre-
quency spectrum of the UWB with compact size. We
conclude from the calculated results that the proposed
antenna has high performance characteristics appropri-
ate for UWB wireless indoor communication and diver-
sity applications with compact size.

Index Terms – Directive gain, diversity, envelope corre-
lation coefficient, monopole, multiple input multiple out-
put (MIMO), ultra-wideband antenna.

I. INTRODUCTION
In this developing age of technology, evolving tech-

nologies such as wireless communication must become
more widely available and more reliable and faster. The
ultra-wideband (UWB) technology can bring reliability
and high data rate into the picture. It maintains a higher
bandwidth while also having a low power density. The
frequency range has been restricted to 3.1–10.6 GHz,
with a bandwidth of 7.5 GHz.

A new approach is suggested in [1], where a
four-element multiple input multiple output (MIMO)
antenna with compact size is presented with low mutual
coupling over an entire UWB range. This proposi-
tion suggests that we combine AFS miniaturizing tech-
niques with MIMO orthogonal configuration, giving
us both benefits. In [2], the designed antenna uses
a novel integration-based orthogonal and asymmetric

structure, four-directional decoupling and multiple-slot
and slit (MSS) approaches. The symmetry in the
structure and the four-directional escalators helps mas-
sively in reducing mutual coupling between antenna
elements. The antenna’s inter-element coupling is
reduced by using polarization diversity between the ele-
ments. The isolation is further improved by using
a decoupling structure with inverted L- and Z-shaped
stubs [3].

A technique of creating numerous slits in the ground
plane made us benefit from the combined use of induc-
tance and capacitance [4]. The works [5–8] suggest
that parasitic elements between antenna elements can
reduce the effect of inter-elements coupling since they
act as reflectors. The work [9] suggests a neutral-
ization line in the antenna elements to diminish the
effects of mutual coupling, reducing the need for extra
space. The asymmetrical radiation pattern of quasi-
self-complementary structured antenna helps to diminish
mutual coupling without using any decoupling tech-
niques [10–12]. The work [13] suggests combining a
pair of inverted L antennas (ILAs) with the monopole
antenna, and each ILA is fed in anti-phase excitement,
which helps us achieve a pattern and polarization diver-
sities. The UWB antenna in [14] has a stubbed ground
plane that helps achieve high bandwidth impedance
without employing any decoupling structures. In [15],
to increase the isolation and minimization, metamate-
rial inspired isolators are used. The work [16] suggests
the ground length is reduced to improve the impedance
bandwidth.

The diminished mutual coupling and diminished
correlation coefficient for the array envelope are
achieved by folding a patch with wall support and feed-
ing this folded patched monopole antenna in three-
dimensional U-slotted shapes [17]. When two antennas
are excited at different modes in a ground plane,
the mutual coupling will be reduced, and the desired
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radiation patterns can be achieved by not using any other
decoupling structures [18]. The work [19] suggests that a
VSWR value less than 2. Improvement in the impedance
is achieved by etching the central patched metal. Beneath
the radiator, a curve is inserted in the ground plane.
The four-port diversity antenna in [20] is developed by
repeating the unit cell and orthogonally positioning it to
achieve high isolation. By varying the Sierpinski frac-
tal, a better gain can be achieved [21]. The archetype
Bowtie antenna is altered and aligned to improve the
bandwidth through assailing the dipoles of patch and
ground slot [22].

II. PROPOSED ANTENNA DESIGN
A. Single antenna design

The put-forward unit cell antenna with microstrip
feed is modeled upon the FR4 substrate. The relative
permittivity (εr) and loss tangent of the FR4 substrate
are 4.3 and 0.025, respectively. The proposed antenna
occupied a volume of 18 mm × 16 mm × 1.6 mm.
The measurements of different parameters have been
displayed in Table 1.

The antenna consists of a radiator (combining two
hexagons, two ellipses, five circles, and two rectan-
gles) at the front along with tapered microstrip feed and
defected rectangular ground structure in the rear. The
geometric specifications of the novelty radiator are as
follows: It contains five adjacent tangential circles of
radius 1.5 mm each, placed in a straight line, mounted
atop an ellipse of major axis x1= 7 mm and minor
axis y1= 1 mm, which, in turn, is again mounted upon
another ellipse of major axis x2= 7.5 mm and minor
axis y2= 1.4 mm. This whole setup is burdened upon
two hexagons of radius 2 mm placed side by side on
corners of a rectangle of 3 × 6 mm2. In addition
to this, a thin rectangle of dimensions 15 × 2 mm2

passes through the array of five circles placed on top,
which is used to lower the mutual coupling and enhance
impedance matching performance. The inductive load-
ing increases when the hexagons, ellipses, circles, and
rectangles converge, raising the Q factor and resulting
in a high inductive reactance, as shown by the following
equation:

Q=
ωL
R

=
XL

R
. (1)

The ground plane designed is a rectangular shape
with a rectangular slot with dimensions 7× 16 mm2used
to improve the bandwidth and impedance matching. The
capacitance impact between the radiator and the ground
plane was reduced when the slot was included, result-
ing in a substantial gain in bandwidth. The feed line
of dimensions 9 × 3 mm2 is tapered to enhance cur-
rent flooding near the radiator and obtain the required
impedance bandwidth. Due to the modification in

Table 1: Geometrical specifications of preferred
monopole UWB unit cell antenna

Parameters x1 y1 x2 y2 r1 r2
Units (mm) 7.5 1.4 7 1 2 1.5
Parameters L l1 l2 l3 lg ls
Units (mm) 18 9 2 15 7 1
Parameters W w1 w2 w3 wg ws
Units (mm) 16 3 1 2 16 7

inductive reactance and capacitive reactance, both can-
celed with each other. Then the antenna behaved like
a completely resistive load. A novelty concept of ellip-
tical form radiator is an intelligent solution to bring a
compact size UWB MIMO antenna. The final proposed
antenna front and rear views are displayed in Figure 1.
A fabricated single and MIMO antenna is displayed in
Figure 2.

The scattering parameters (S11) of the antenna for
both simulated and measured across the desired band-
width and are below −10 dB; it is depicted in Figure 3.
The couplings between small ground surface, connector
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Fig. 3. Simulated and measured reflection coefficient of
the monopole UWB unit cell antenna.

35×35×1.6 mm3, hs representing the substrate’s height. 
The measurement setup of the fabricated antenna with 
the anechoic chamber is depicted in Figure4. 
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Fig. 4. Proposed UWB MIMO antenna measurement in
anechoic chamber.

losses, and cable misalignment are the reasons for
deviations in the measured S-parameters.

B. MIMO antenna design
The single antenna is replicated and grouped in

an orthogonal pattern to design a multi-port antenna to
attain high isolation. All radiating elements are arranged
upon the same plane. Altogether, the total dimensions of
the L×W × hs of a four-port antenna are 35× 35× 1.6
mm3, hs representing the substrate’s height. The mea-
surement setup of the fabricated antenna with the ane-
choic chamber is depicted in Figure 4.
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Fig. 6. S-parameter measured results of monopole UWB
MIMO antenna.

result, one antenna would face interference due to the
radiation of the other.

The mutual coupling is reduced by assembling the
modified ground structures, and identical antennas are
arranged orthogonally. This antenna has been fabricated
to offer mutual coupling less than −35 dB for the
entire bandwidth range. Simulated and measured S-
parameter results of monopole UWB MIMO antenna
are depicted in Figures 5 and 6. Thus, we can see
that impedance matching and high isolation are obtained
using the etched ground plane with slot. Hence, the
required result has been obtained.

B. Envelope correlation coefficient (ECC)
The correlation between the radiating elements is

the important diversity parameter of the MIMO antenna.
The degree of independence of the two antennas’
radiation patterns is explained using the envelope
correlation coefficient (ECC). Ideally, two antennas’
radiation patterns are entirely independent of each other.
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Fig. 7. Simulated diversity gain and ECC of monopole
UWB MIMO antenna.

Fig. 8. Measured diversity gain and ECC of monopole
UWB MIMO antenna.

The ECC should be 0, but its real value should not
exceed 0.5. The ECC is calculated by substituting the
S-parameters in eqn (2) [23]. From Figures 7 and 8, we
discovered that ECC is much less than 0.001, which can
also be regarded as a good ECC value.

ECC=
|S∗11S12 +S∗21S22|2(

1−|S11|2−|S21|2
)(

1−|S22|2−|S12|2
) . (2)

C. Diversity gain (DG)
The diversity gain (DG) of the monopole UWB

MIMO antenna ought to be apex so that one can keep the
wireless communication system more reliable and pro-
duce good quality. Its ideal value is 10 dB. Using the
formula in eqn (3) [23], the value of the DG can be cal-
culated for the proposed antenna. From Figures 7 and
8, we can evidence that the maximum value of DG is
9.999 dB.

DG = 10
√

1−ECC2. (3)

D. TARC
The ratio between the squared value of the reflected

power and its incident power is called TARC. N port
antenna’s TARC ratio can be presented as in the
following equation:

Γ
t
a =

√
∑

N
i=1 |yi|2√

∑
N
i=1 |xi|2

, (4)

where xi represents incident signals and yi represents
reflected signals. The scattering matrix of 2 × 2 antenna
arrays can be patterned as in the following equation:[

y1
y2

]
=

[
s11 s12
s21 s22

][
x1
x2

]
. (5)

In the MIMO antenna, the phase of every excitation
signal is arbitrary. The propagation environment con-
tributes to further randomizing the signal phases before
the signal reaches the receiver. So the MIMO channel
signal is considered a random phase and independent and
identically distributed. Gaussian random variables’ sum
or difference gives the Gaussian values, and reflected sig-
nals can be expressed as in the following equations [23]:

y1 = S11x1 +S12x2 = S11 x0 e jθ1 +S12 x0 e jθ2

= x1

(
S11 +S12 x0 e jθ

)
.

(6)

y2 = S21x1 +S22x2 =S21 x0 e jθ1 +S22 x0 e jθ2

=x1

(
S21 +S22 x0 e jθ

)
.

(7)

Therefore, TARC is described as follows in eqn (9):

Γ
t
a =

√
(
∣∣x1(S11 +S12e jθ )

∣∣2 + ∣∣x1(S21 +S22e jθ )
∣∣2√

2 |x1|2
,

(8)

Γ
t
a =

√
(
∣∣(S11 +S12e jθ )

∣∣2 + ∣∣(S21 +S22e jθ )
∣∣2

√
2

(9)

The value of TARC must be less than −10 dB
to attain the best operation in MIMO antennas. The
received TARC is proven in Figure 9. It well agrees with
the default standard values of TARC.

E. MEG
MEG is defined as the division of power obtained

with the aid of a diversity antenna with power received
by way of an isotropic antenna. Using the following rela-
tions [24], the MEG value is calculated for the MIMO
antenna system. The MEG1 and MEG2 can be calcu-
lated from the following equation:

MEGi = 0.5

(
1−

N

∑
j=1

Si j
2

)
i = 1,2. (10)

For a better MIMO antenna system with equal
power, the difference between MEG-1 and MEG-2



KOLANGIAMMAL, BALAJI, VAIRAVEL: A COMPACT PLANAR MONOPOLE UWB MIMO ANTENNA DESIGN 462

bleandproducegoodquality.Itsidealvalueis10dB.Usingth
eformulaineqn(3)[23],thevalueoftheDGcanbecalculatedf
ortheproposedantenna.FromFigures7and8,wecaneviden
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should be equal to 0 dB. Figures 10 and 11 are well
known to show that MEG-1 and MEG-2 are identi-
cal because the proposed radiator gives improved range
overall performance.

F. CCL
Channel capacity loss (CCL) refers to the max-

imum message rate as far as the message transmits
continuously through the communication channel with-
out any losses. It can be estimated by the usage of the
following components and expressed in the following
equation [24]:

CLoss =−log2det
(
Ψ

R) , (11)

ψ
R=

[
ψ11 ψ12
ψ21 ψ22

]
, (12)

where
Ψ11= 1−

(
|S11|2+|S12|2

)
,

Ψ21= 1−
(
|S22|2+|S21|2

)
,
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Fig.12.CCLofthemonopoleUWBMIMOantenna. 
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Fig.13.Multiplexingefficiency ofmonopoleMIMOultra-
wideband antenna. 
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Forthe 
proposedantenna,measuredandsimulatedgain 
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Fig.14.Thegain ofmonopoleUWBMIMOantenna. 

 

 
 

 

 

 
 

 

Fig.15.Radiationefficiency 
ofmonopoleUWBMIMOantenna. 

 
H.RadiationPatterns 

Thedesignedantennas’simulatedandmeasuredH-
planeandE-
planeradiationpatternsat3.8GHzfrequencyaredepictedin
Figures16(a)and(b). 
 

 

 
 

  

Fig.16. (a)H-plane pattern ofPort1,Port2,Port3, 
andPort4ofthe proposedUWBMIMOantennaat3.8GHz. 
 

Fig. 12. CCL of the monopole UWB MIMO antenna.

Ψ12 =−(S∗11S12+S∗21S22) ,

Ψ21 =−(S∗22S21+S∗12S11) .

The CCL value should not be greater than 0.4
bits/S/Hz ideally. Figure 12 shows the proposed MIMO
antenna CCL value over the operating frequency range,
and acceptable CCL values are achieved.

G. Multiplexing efficiency
Figure 13 indicates the multiplexing efficiency mea-

sured and simulated results of the proposed MIMO
antenna. The multiplexing efficiency of the MIMO
antenna is defined as the difference in the power required
attaining a given capacity for an antenna under test con-
cerning ideal reference MIMO antenna. As per eqn (13)
[25], the MUX for a uniform angular power spectrum
and high signal-to-noise ratio can be expressed as

ηmux =
√

η1η2[1−|ECC|2]. (13)

Here, η1 represents the total efficiency of antenna 1
and η2 represents the total efficiency of antenna 2.
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Fig. 16. (a) H-plane pattern of Port 1, Port 2, Port 3, and
Port 4 of the proposed UWB MIMO antenna at 3.8 GHz.

Fig. 16. (b) E-plane pattern of Port 1, Port 2, Port 3, and
Port 4 of the proposed UWB MIMO at 3.8 GHz.

Table 2 presents the comparative chart for the pro-
posed antenna design with the reported antenna. In this
comparison, it is observed that the proposed antenna has
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Table 2: Comparison table
Ref Ports Size

(mm2)
Isol

ation
(dB)

TARC
(dB)

ECC CCL
(bits/
s/Hz)

GHz

1 4 40 × 40 >17 - <0.03 - 2.94–14
2 4 39 × 39 >22 <−20 <0.02 <0.2 2.3–13.7
3 4 70 × 41 17 <−9 <0.012 <0.4 3.1–12
4 4 40 × 40 20 - - - 3–11.5
5 4 40 × 40 10 - - - 3–11
6 4 36 × 36 15 - - - 3.1–10.6
7 4 56 × 56 20 - - - 3–11
8 4 50 × 39 17 - - - 2.7–12
9 4 75 × 75 - - <0.1 - 3.1–17.3

10 4 35 × 35 =20 - <0.5 - 3–12
11 4 40 × 40 =20 - <0.04 - 2.9–12.1
12 4 24 × 24 =20 - <0.5 - 3.1–10.5
15 2 13.5 × 34 =19 <−4 - - 3–11
17 2 56 × 56 >22 - <0.001 - –
18 2 50 × 85 >20 - <0.03 - 2–9.5
19 2 42 × 24 =15 - <0.5 - 3.1–10.9
20 4 40 × 40 >20 - <0.001 - 3.1–10.6
23 2 18 × 34 >22 <−20 <0.001 - 2.93–20

Prop 4 35 × 35 >35 <−20 <0.001 <0.4 3.1–11

achieved significant results in terms of CCL of less than
0.4 bits/s/Hz, TARC of < −10dB, ECC of 0.001, DG of
9.999 dB, and MEG of < 3 dB.

IV. CONCLUSION
The antenna elements are arranged in orthogonal,

and then it appears to be the most effective solution
to diminish the mutual coupling between UWB MIMO
antennas and hence achieve compact size. The mutual
coupling value of the proposed antenna is less than −35
dB and has been achieved successfully. The radiating
antenna with compact size has been fabricated using the
dimensions of 35 × 35 mm2 having the thickness of the
substrate 1.6 mm, and this antenna is used for diversity
applications.
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