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ABSTRACT: This paper proposes a compact 1x2 MIMO antenna for Ultra-Wideband (UWB) applications. The
proposed antenna operates at frequencies ranging from 3.3 to 10 GHz, making it suitable for various UWB
applications. The dimension of the proposed MIMO antenna is 55x26.05 mm? and consists of two circular patches. It
resonates at frequencies 4.56GHz and 6.17GHz. The isolation between the antenna elements is around 20 dB, which
helps to mitigate the interference between the two antennas. The simulation results show that the proposed antenna has
a wide bandwidth, good radiation characteristics, and excellent isolation between the antenna elements, indicating that
it may be used in UWB applications and this antenna can also be used in various applications that require MIMO
technology, such as wireless communication systems, radar systems, and medical imaging systems.

KEYWORDS: Envelope Correlation Coefficient, Multiple-Input-Multiple-Output antenna, Ultra-Wide Band
applications.

I. INTRODUCTION

Modern wireless communication improvements call for a system that can exchange a massive quantity of data at a high
data rate, increased capacity, dependability, and security with little complexity. Ultra-wideband (UWB) technology can
be used to meet these requirements. As UWB technology uses a low-cost infrastructure to deliver a high data rate, it is
a possible contender for many wireless communication systems. Nevertheless, multipath propagation issues plague
conventional UWB technology.

In recent years, multiple-input multiple-output (MIMO) technology has developed into a significant study topic for this
reason. The results of the research demonstrate that the MIMO antenna system can meet the demands of the UWB
systems. The challenge of designing such an antenna is fairly difficult since various antenna systems provide additional
performance criteria. One of the crucial performance variables, mutual coupling (isolation) between the antenna
elements, should be as low as feasible to prevent channel capacity loss.

Stubs between patch radiators, electromagnetic band gap (EBG) structures, frequency selective surfaces (FSS),
neutralization lines between the radiator and the ground plane, defected ground structures (DGS), decoupling structures,
slotted edge substrate, etc. have all been used to improve the coupling between the antenna elements. These methods
have produced reasonable results in reducing coupling between the antenna parts, although it should be noted that the
antenna designs have a narrow bandwidth, are huge in size, or have poor isolation (20 dB). Moreover, the designs
described above either have complex structures or sophisticated decoupling mechanisms.

This study presents the design of a small 1 x 2 modified circular MIMO antenna array for UWB applications. Broad
impedance bandwidth is accomplished through ground plane and radiating patch optimization. From the setup that is
being shown, it can be seen that the proposed array operates between 3.3 and 10 GHz and offers around 20 dB of
isolation between array components.
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II. ANTENNA DESIGN

A. Antenna Configuration:

A small modified MIMO antenna with circular shaped patches is constructed. This antenna's total dimensions are 55 X
26.05 mm”. It features two modified patch parts that are identical. Two rectangular-shaped ground stubs are employed
to ensure adequate matching and isolation. The CST simulation tool is used to simulate the proposed antenna. This
antenna is constructed on a FR4 substrate (height = 1.6 mm, dielectric constant = 4.4, and loss tangent = 0.02), and a
prototype snapshot is provided.

B. Substrate:

A great deal of work has been done on many substrates. The permittivity of substrates used in micro strip patch
antennas range from 2.2 to 12. The size of the antenna increases as the permittivity of the dielectric material decreases,
but the efficiency and bandwidth are improved. Performance suffers when a substrate with a higher dielectric constant
is utilized. Here, FR4 lossy material with dimensions of 55 by 26.05 mm? is employed as the substrate.

C. Ground:

The most often used methods, particularly when it comes to reducing mutual interaction between broadband and ultra-
wideband MIMO antenna components are deficient ground structures. There are several review studies on DGSs in the
literature that demonstrate their significance when designing MIMO antennas. Basically, DGS is a ground plane defect
that severely disrupts the distribution of surface current. The transmission line's impedance will alter as a result. By
reducing the current on the ground plane, it functions as a band stop filter and suppresses the coupled fields between
the nearby antenna components of the MIMO antenna. The ground for designed antenna is shown below and
dimensions are given in Table 1.

D. Patch:

The patch design of presented antenna is shown in Fig.2. It is combination of two identical elements on the substrate
where each element consisting of a circular patch connecting to the feedline. PEC (Perfect Electric Conductor) material
is used for patch design. The distance between two identical patch elements is 33.50mm. The radius of the circular
patch and the parameters of feedline is given in the below table.

26.05 mm

F
v

Y
v

55.00 mm

Fig 1: Ground Design Fig 2: Patch Design

Parameter a b c dlelf g h

Value(mm) | 12.62 [ 25 | 65| 75|12 |4 | 11.5] 19

Table 1: Patch Design Dimensions (in mm)

IJIRSET©2023 | AnISO 9001:2008 Certified Journal | 2921


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬂ |! E‘ s |e-ISSN: 2319-8753, p-ISSN: 2347-6710] www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal |

IJIRSET || Volume 12, Issue 4, April 2023 ||

| DOI:10.15680/IJIRSET.2023.1204039 |

E. Finalized Design: The finalized design of our proposed antenna is shown in Fig 3.

Fig 3: Finalized Design

F: Antenna Design Equations:
Step-1: Evaluate width 'W' of the patch using the formula.
Ve | 2
T 2f, e+ 1

Step-2: Calculate the effective dielectric constant €. of the patch using formula below.

€+1 -1 172

Creff= g

[1 +12 W]

Step-3: Calculate AL using formula below.
AL (Erefs+ 0. 3)( +0.264)

— = 0.412
(€resr—0.258) (3 +0.8)

h

Step-4: Calculate length of the patch using formula below. V|, is speed of light in free space.

v
L=—2  _2AL

Zfr\/ Ere f

III. RESULTS AND DISCUSSION

The proposed antenna can be used for a variety of UWB applications because it operates at frequencies between 3.3
and 10 GHz. At the frequencies of 4.56GHz and 6.17GHz, it resonates. The isolation obtained is around 20 dB, which
reduces interference between the two antennas. The simulation results demonstrate the suggested antenna's wide
bandwidth, good radiation properties, and superior element isolation. The VSWR at 6.17GHz is 1.02. Moreover, it is 74%
effective at resonate frequencies..

A. S-Parameters:
S-parameters can be used to characterize the performance of the antenna at each resonant frequency, which can be

useful in designing and optimizing the antenna for specific applications. The proposed antenna achieved a wide
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impedance bandwidth (S;; < -10 dB) of 6.7 GHz from 3.3 to 10 GHz. The proposed antenna resonates at frequencies
4.56 and 6.17 GHz respectively. The reflection coefficient of the antenna at 4.56 GHz is -39.91dB and at 6.17 GHz is
-38.19dB used in 5G communications. From the graphs of S-parameters it can be observed that the antenna system
exhibits a minimum isolation of around 20dB.

For a two-port network, S-parameters are

St1: Input port voltage reflection coefficient

Si2: Reverse voltage gain

S21: Forward voltage gain

S2,: Output port voltage reflection coefficient

S”and Szz: Suand S21:
! S-Parameters agnitude in B §-Parameters [Magnitude in dB)
5 ‘x\\” i w— (21
- -2
A0 - e ——
>
45 A
[ / _~
7
% 7N\
2!
3!
i V
2 3 4 5 6 1 8 9 1 f2
Frequency | Gz Frequency | GHz
Fig 4: Si; and Sy, Fig 5: S; and Sy,
B. VSWR:

VSWR stands for Voltage Standing Wave Ratio, and is also referred to as Standing Wave Ratio (SWR). The reflection
coefficient (I"), which specifies the power reflected from the antenna, is a function of VSWR. The VSWR is described
by the following formula if the reflection coefficient is provided.

141
1-r|

The VSWR is always a real and positive quantity for antennas. The ideal value of VSWR is 1. However, the proposed
antenna has a VSWR of 1.02 at resonating frequency of 4.56GHz and 6.17GHz shown in Fig 6.

VSWR =

Votage Staning Wave Rato (VSWR)

w—SWRI

- SWR2

Frequency / GHz

Fig 6: VSWR
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Frequently antennas must fulfil a bandwidth requirement that is specified in terms of VSWR. For instance, an antenna
might state that it can operate with VSWR< 3 between 100 and 200 MHz This signifies that the VSWR is less than 3.0
for the selected frequency range. The reflection coefficient over the specified frequency range is also implied by this
VSWR specification to be less than 0.5 (i.e., reflection coefficient<0.5).

C. Reference Impedance:

Scattering parameters are specified using reference impedance, which is a numerical value. The reference impedance is
required if you have S-Parameters and need information about voltages and currents (or vice versa). The reference
impedance, however, can generally be complicated or frequency-dependent. The reference impedance obtained at
resonating frequencies 4.56GHz and 6.17GHz is 54.8CQ2 shown in Fig 7.

. Reference Impedance [Real Par]
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Fig 7: Reference Impedance
D. Efficiency:

Antenna Efficiency is the ratio of power radiated by the antenna to the power supplied to the antenna. A perfect antenna
has 100% antenna efficiency i.e., it transmits all the power provided to it. A good antenna, however, only radiates
between 50 and 60 percent of the power applied to it in reality. The efficiency obtained at resonating frequencies
4.56GHz and 6.17 GHz is 74% and 76% respectively as shown in Fig 8

Total Effciency in dB [Magnitude in dB]
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Fig 8: Efficiency
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E. Far-Fields: Far-field refers to a field that is away from the antenna. As the radiation impact is strong here, it is also
known as a radiation field. Several antenna properties, including antenna directivity and radiation pattern, are only
taken into account in this area.

Field pattern refers to the field distribution that may be quantified in terms of field intensity. In other words, the plotted
radiated power from the antenna is expressed as an electric field, E (v/m). It is called a "field pattern" as a result. Power
pattern is the phrase used when anything is measured in terms of power (W). Reactive near field or non-radiative field,
which is located extremely close to the antenna, is one in which radiation is not dominating. Due to the radiation's
dominance and the distribution of the angular field, the area adjacent to it might be referred to as a Fresnel field or
radiating near field. Radiating far-field region is the area next to it. The field distribution in this area is unaffected by
antenna distance. In this area, the effective radiation pattern is shown.

Farfield E-Field(r=1m) Abs (Phi=90) Farfield H-Field(r=1m) Abs (Phi=90)

0
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Fig 9: E-Field at 4.56 GHz Fig 10: H-Field at 4.56 GHz
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Fig 11: E-Field at 6.17 GHz
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IV. CONCLUSION

The design of a two port MIMO antenna with dimensions of 55 X 26.05 mm” on a FR-4 substrate has been performed
on CST Microwave Studio. The design of this antenna, which accommodates UWB operations, utilizes two circular
patch elements. The suggested antenna is appropriate for a variety of UWB applications since it works between 3.3
and 10 GHz. Both 4.56GHz and 6.17GHz are resonance frequencies for it. The designed antenna has an isolation of
around 20dB between the antenna elements. This antenna may also be employed in a variety of MIMO-required
applications, including wireless communication systems, radar systems, and medical imaging systems.
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