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Abstract: A two element Multiple Input Multiple Output UWB (Ultra-wide band) antenna is presented in this
paper. The antenna is backed by the FR-4 substrate with a thickness of 1.6 mm and dielectric constant of 4.3
covering an area of 52.8 x 29 mm?. The proposed MIMO antenna consists of two single UWB antennas and a
stub placed between the two antennas to reduce the mutual coupling. The proposed antenna achieves the
voltage standing wave ratio (VSWR) of less than 2 and more than 86% radiation efficiency over the whole band
of interest. Performance of the antenna is examined using both simulation and experiment. The design exhibits
good performance characteristics in terms of bandwidth, gain, efficiency, return loss and VSWR. The proposed
antenna is analyzed using the CST Microwave Studio software. The prototype model of the antenna is
fabricated, tested, and measured to validate the simulation return loss results. There is acceptable agreement
between the measured and simulated results.

Keywords: UWB; MIMO; Internet of thing; high isolation

1. Introduction

In recent years, the scope of short-range wireless communication has increased, and this
demands the researchers to develop the techniques for the short-range applications and to define the
standards regarding short range communication. Thus in 2002, the Federal Communication
Commission (FCC) regulated the Ultra-wide Band (UWB) technology for the use in commercial
applications covering the frequency range of 3.1 GHz to 10.6 GHz. IEEE defined the standards for
UWSB, and these are: 802.15.3a for the high data rate and 802.15.4a for low data rate. This spectrum of
UWB is ideal for the short-range wireless communication systems that require the transmission at
the high data rate. The challenge here is that the FCC has regulated that the applications of UWB to
use the low power, thus limiting the applications to be short distance ones. That is the reason, the
applications of UWB includes the WPAN (Wireless Personal Area Network), WBAN (Wireless Body
Area Network), RFIDs (Radio Frequency Identifications), and sensor networks, etc.

These applications are mostly used in the indoor environment where dense multipath
propagation creates detrimental ISI (Inter Symbol Interference). The MIMO (Multiple Input Multiple
Output) technology makes use of multipath propagation to provide the benefits of higher data
throughput meantime increasing the range and reliability without using the extra frequency range.
MIMO systems increase the diversity (spatial, pattern or polarization diversity) so it increases the
strength of transmitted signal and thus improves the signal to noise ratio. Therefore, the idea to use
the MIMO antennas with the UWB range extends the communication range and it offers high link
reliability. The benefits of the merger of MIMO with UWB can be summarized as in [1], [2]: improved
link quality, suppression of interference, increased coverage, higher data rate and diversity.

A UWB MIMO antenna consists of multiple antenna elements. With the revolution in the
electronics, the size of handheld electronic devices is becoming smaller and smaller, and it is causing
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a space to constrain and the distance between the radiating antennas in UWB MIMO is becoming
lesser than before, leading to relatively large mutual coupling in between the antennas on UWB
MIMO system. So, one of the main challenges in designing the UWB MIMO antennas is to increase
the isolation in between the antennas by minimizing mutual coupling. To resolve this issue of mutual
coupling, there has been significant number of research in the recent years. The most popular
approach is to place the antennas in a position so that they are orthogonal to each other [3]. There are
other techniques also for mutual coupling include the use of parasitic structures [4], Electromagnetic
Band Gap (EBG) structures [5], neutralizing lines [6], Defected Ground Structures (DGS) [7], stub
loading [8], Frequency Selective Surfaces (FSS) [9], metamaterial isolator [10] and meander line
structures [11], etc.

A four element MIMO antenna is presented in the [12]. The four element MIMO antenna
operates at the LTE band with considerably sufficient MIMO requirements. The system presented
has a much larger area of 148 x 68 mm2. Moreover, the minimum isolation level is only at -10.5 dB.
The gain and efficiency are also reported as low. In [13], another MIMO system is presented with two
elements. The mutual coupling is reduced by using T-shaped stubs in the ground. The design has
minimum isolation of -15 dB and the size of antenna is 38.5 x 38.5 mm2. In [14], a two element MIMO
antenna is presented. The design operates only in the lower UWB range and has a large area of 66 x
32 mm2. The mutual coupling is reduced by using the decoupling slot in the ground plane. A quad
element MIMO based antenna configuration is proposed in [15]. The mutual coupling is reduced by
using the split ring Resonators (SRR). This antenna is designed for Bluetooth, WiMAX, and LTE
applications. In [16] a quad element MIMO structure is proposed in which the isolation is achieved
by using the Defected Ground Structure (DGS) along with the Electromagnetic Band Gap (EBG).
Besides this, the maximum isolation offered is -17.5 dB. Another two element UWB MIMO antenna
is presented in the [17]. The mutual coupling in between the two elements is reduced by placing a T
shaped stub in the ground plane. The maximum isolation achieved by using a T-shaped stub is -20
dB.

In this paper, a compact MIMO UWB antenna with thin structure, suitable for general structure
of UWB equipment, is proposed having an area of 52.8 x 29 mm?2. The substrate is FR-4. To minimize
the mutual coupling between antennas, a stub is placed between two elements in the MIMO antenna.
The prototype was then fabricated, and its characteristics were measured and compared with
simulation results.

This paper is divided into three sections. Section II discusses the antenna design and its
evolution, and section II describes the isolation of the proposed MIMO antennas. Section IV consists
of the results including the return loss, VSWR, radiation patterns and gain while section V will
conclude this work.

2. Antenna Design

2.1. Single Element Design Evaluation

The antenna presented in this paper has a single metallic layer structure with the patch and
ground on the same side of the substrate, making it easy to fabricate. The antenna is incorporated on
the Flame Retardant 4 (FR-4) dielectric sheet having the constant of dielectric ¢, = 4.4, loss tangent
6 = 0.025 and a thickness of 1.6 mm. Firstly, the single-element antenna is optimized by making the
changes into the simple monopole and in the CPW fed ground plane. The evaluation of single element
UWB antenna is shown in Figure 1. The design process starts from the simple monopole in step 1.
Then a ladder structure is drawn in step 2, and this results in an increase in the bandwidth. After that
chamfer was introduced in the ground in step 3 and the UWB range achieved covering the frequency
range of 3.3 GHz to 13.5 GHz. The overall dimension of single element antenna proposed in this
paper is 29 x 29 x 1.6 mm?. The radiating element is copper with a thickness of 0.035 mm. The
reflection co-efficient of the single element proposed antenna in three steps is shown in Figure 2.
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Figure 2. S-parameters of in steps antennas.

The labelled design of a proposed antenna is shown in Figure 3, and Table 1 shows below the
physical dimensions of the proposed antenna.

Figure 3. Labelled design of a proposed antenna.
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Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.

Parameter Value (mm) Parameter Value (mm)
W 30.3 Ly 32.1
Wy 2.3 Lg 15
Wy, 13.5 Le 20
w; 3.35 L, 9.45



https://doi.org/10.20944/preprints202312.0163.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2023 doi:10.20944/preprints202312.0163.v1

4
w, 9.7 L, 1.35
2 2.15 L, 0.95
w, 74 L, 14
We 0.65 Ls 2.8

2.2. Antenna Configuration

The two element UWB MIMO antenna described in this paper is simulated and optimized using
the CST Microwave Studio. The MIMO structure of the proposed antenna consists of two same
antenna elements placed orthogonally to each other’s as in [3]. The distance between the antenna
elements is specified as d = 10 mm. A parasitic element in the shape of two combined cross, is also
incorporated in the design for achieving the minimum criteria of mutual coupling of less than -15 dB.
Figure 4 shows the front view and isometric view of the proposed MIMO antenna, and Figure 5
shows the fabricated prototype.
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a) Front View b) Isometric View

Figure 4. MIMO Antenna configuration.

Figure 5. Fabricated MIMO antenna prototype.

3. Isolation Mechanism

In this paper, two techniques are deployed to provide the isolation in between the two antenna
elements to decrease the mutual coupling for proper functioning of MIMO antenna. A parasitic
element in the form of two cross joined together, is placed in between the antenna elements. For
further increase in the isolation, the two antennas are placed at an angle of 90 degree to each other.
Figure 6 shows the effect of placing the parasitic element in between the antenna elements. Figure 7
shows the two cases of antenna elements orientation considering the isolation in between them.
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Figure 6. Effect of parasitic element on mutual coupling.
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Figure 7. MIMO antenna orientation effect on mutual coupling.

4. Results and Discussion

4.1. Return Loss

The proposed antenna is capable of operating from 3.3 GHz to 13.5 GHz. The Figure 8 shows the
S-parameter plot of the antenna at the above-described frequency range, and Figure 9 depicts the
measured results of a prototype. These results show that there is a defensible correlation between the

simulated and experimental results.
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Figure 8. S-parameter of proposed antenna.
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Figure 9. Measured S-parameters of proposed MIMO antennas.

4.2. VSWR

The simulated result of VSWR (voltage standing wave ratio) for the proposed antenna is shown
in Figure 10. The obtained values of VSWR at the desired bands are 1.10, 1.18, 1.30, and 1.12; they are
all below 2, showing that the antenna exhibits good impedance matching.
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Figure 10. Simulated VSWR of a proposed antenna.

4.3. Current Distribution
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The current distribution at the resonance frequencies of the antenna is shown in Figure 11. Figure
11a shows that the current distribution is maximum across the feed line and at the middle of the
radiator, which generates the frequency band of 3.38 GHz. It is apparent from Figure 11b that the
frequency of 5.56 GHz is achieved when the current intensity is maximum at the upper portion of the
patch as well as along the feed line. In part (c), the maximum current density is observed at the feed
line and the lower strips of both the left and right arms for the resonance frequency at 8.36 GHz.
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Figure 11. Current distribution of proposed MIMO at different frequencies. (a) 3.38 GHz (b) 5.56 GHz
and (c) 8.36 GHz.

4.4. Radiation Pattern

The normalized radiation patterns of E-plane and H-plane at the frequencies of 3.38, 5.56, and
8.36 GHz are shown in the Figure 12. Moreover, the radiation patterns are showing the similarity to
some extent which shows that there is effective radiation behavior in the described band. These far-
field radiation plots are showing that the antenna described in this paper has approximate
omnidirectional pattern which makes it useful for the desired applications.
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Figure 12. Simulated radiation pattern of proposed antenna.

4.5. MIMO Performance Parameters
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The values of Envelope Correlation Coefficient (ECC) can be found using the scattering
parameters instead of far field parameters as it gives more accurate measurement of ECC without
measuring the 3D radiation pattern. The relationship is assumed for rich scattering environment and
given by following equation. Also, graphically shown in Figure 13.

IS11512+S21522(
ECC = 7
(1-US111%-152112)) (1~ (1S2212~151212)) (1)

0.002

ECC |mag|

0.000

—— ECC Simulated
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Figure 13. ECC of proposed antenna.

We can calculate the diversity gain with the help of ECC which is depicted in Figure 14. The
relationship in between the diversity gain and ECC is given as:

DG =10,/1 — [ECC[?, @)

The above given relationship in between the correlation coefficient and diversity gain clearly
shows that lower the correlation coefficient, higher the diversity gain. So, higher isolation is required
in between the antenna elements otherwise the diversity gain will be low.
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Figure 14. Diversity gains of proposed antenna.

4.6. Gain and Efficiency

By using the far-field monitor in CST Microwave Studio, the gain and efficiency are calculated
at the different frequencies. The gain of an antenna describes the transmitted power in the direction
of an isotropic source. If gain of transmitting antenna is 3dB, it means that the power received by this
antenna will be two times higher than the power received from the lossless isotropic antenna,
providing the same input power in both cases. In this work, gain of the antenna varies from 2.02 to
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3.06 dB throughout the frequency band. The gain of proposed antenna fulfills the requirements of
some of the wireless communication standards.
The minimum observed value of efficiency is 82%. The efficiency is affected due to multiple
bands of operation and high loss in FR-4 substrate (a loss tangent of & = 0.025) which results in
lowering the radiation efficiency. However, the radiation efficiency is in the range of (81-94) %, which
shows that power received in far-field region is greater than the 50% of input power, making the
antenna sufficient to work in the described applications. The antenna gain and the radiation efficiency
are presented in Figure 15. Table 2 summarizes the overall performance of the antenna at the four

distinct resonance frequencies. The presented work is compared with the recently published work in
Table 3.
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Figure 15. Gain and efficiency of proposed antenna.

Table 2. Overall Performance of the Antenna.

Parameters Freq. 1 Freq. 2 Freq. 3
Frequency (GHz) 3.38 5.56 8.36
Return Loss (dB) -41.33 -27.38 -17.20
Directivity (dBi) 2.79 4.46 4.04
Gain (dB) 2.02 2.29 2.84
Efficiency (%) 86 61 75
Bandwidth (MHz) 640 240 1800
VSWR 1.10 1.18 1.30
Table 3. Comparison with Published Work.
Ref. No. I;I)g'ﬂosf Size (mm?) Is?_lsg;) n ECC Ig:ﬁ Effl(((:;oe)ncy Frequency Band (GHz)
[18] 4 36 X 36 X 1.5 15 < 05 4 70 3.1-10.6
[19] 4 60 x 60 x 1.6 17.5 < 03 8 91.2 3-16.2
[20] 4 45 x 45 x 1.6 14 < 0.25 4 91 22-38/23-57/
51-58
[21] 2 26 x 60 x 1.6 15 < 0.01 3.5 80 3.1-10.6
[22] 2 66 x 52 x 1.6 15.5 < 0.02 1.8 66 Lower UWB band
[23] 4 385 x 39 x 1.6 14 <05 3.6 75 3.1-10.6
[24] 2 70 x 150 x 1 10.5 < 02 - 80 0.70-0.96/1.71 - 2.69
[25] 4 120 x 60 X 1.6 13 < 0.1 3.2 75 1.77 -2.51
[26] 2 25 x 40 x 1 15 < 0.003 4.6 93 3.39-9.1
Thiswork 2 528 x 29 x 1.6 22 < 0.02 5 95 3.3-13.5
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5. Conclusions

There is an increasing need to do more with less to overcome the challenges of next-generation
networks. The multiband feature of an antenna maximizes the available space at the user site by
better management of antenna count. A quad-band CPW-fed microstrip patch antenna has been
presented and fabricated for wireless and satellite applications. The experimental and simulated
results show that the antenna presented in this paper can resonate at four different center frequencies
3.38, 5.56, and 8.36 GHz which cover WIMAX, WLAN, and C-band, respectively. The antenna has a
compact size of 30.3 x 32.1 mm? designed on commercially available substrate FR4, which makes it
suitable for multiple low-cost applications along with being a good choice to be integrated with small
devices.
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