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Abstract

Wireless communication continues to evolve rapidly, with
ongoing advancements in technology, increased data
rates, and improved coverage. In this article, a novel
compact Semi-Elliptical shaped Slotted (SES) ultra-
wideband (UWB)  Multiple-Input  Multiple-Output
(MIMO) antenna with the size of 15 x 30 mm? is designed
using HFSS software. Two slots were incorporated on the
patch elements to generate the notch bands at X-band and
Ku-band. A slotted parasitic strip engraved on the Partial
Ground Plane (PGP) to generate the third notch at Ka-
band and to enhance the isolation. The proposed design
achieved the operating bandwidth of 38.15 GHz with
triple notch characteristics. It also achieved the reflection
coefficient (Si1) of -28.26 dB at 17.28 GHz frequency and
isolation of < -17 dB for the entire ultra wideband. It also
achieved the gain of 8.45 dBi with good radiation pattern.

Keywords: Elliptical, Slotted, UWB, MIMO, Notch,
Isolation.

1. Introduction

Ultra Wideband (UWB) is a wireless communication
method that uses an extremely wide band of frequencies.
Due to its capacity to transmit data over a broad
frequency range, UWB technology is well suited for a
number of uses, including high-speed data transfer,
precise location and positioning, and short-range
communication.

Extremely-Wideband MIMO antennas are a critical
component of advanced wireless communication systems.
These antennas are designed to work within this
frequency range and provide enhanced capabilities for
various wireless applications, including high-speed data
transfer, positioning systems, radar, and more.
Researchers in the field explore innovative solutions to
the challenges of these antennas like interference
mitigation, energy efficiency, miniaturization, etc., and
the commercial adoption of UWB MIMO technology in
various applications. There have been significant
breakthroughs in UWB MIMO technology operating in
notch bands in the past year. Typical notch band
techniques include: Stub or Parasitic element [1],
Defected Ground Structure (DGS) [2], band-stop filter
[3], loading filter structures [4], notch band elements like

additional dipoles or patches, slots [5], Frequency
Selective Surface (FSS) [6]. Some of the most exciting
recent developments in this field are Tapered fed slotted
antenna with inverted L-shaped slits, to generate notches
at IEEE INSAT and WLAN [7], miniaturized 4-port
MIMO with a common rhombic slot and electromagnetic
band gap [8], Circular slotted radiator with defected
ground structure (DGS) for super UWB [9], multi-port
central radiator for V2X communications [10].

Current innovations that are particularly fascinating the
UWB MIMO technology for interference mitigation
includes Chipless UWB-RFID Tags [11], H and U-slots
on the truncated patch with gap sleeves [12], four port
antenna elements with L-shaped feed line for UWB,
etched with two C-shaped slits for WLAN and X-band
notch bands [13]. Square ring patch [14], Symmetrical H-
shaped DGS [15], Inverted L-shaped branches on the non-
grounded portion [16], Electromagnetic band gap
structures (EBG) [17] are few isolation enhancement
techniques.
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Figure 1. (a) Front view and (b) Rear view of the
Proposed SES Antenna with notch characteristics



Table I. Dimensions of the proposed structure (in millimeter)

Parameters Ls Ws Lg W, L;
Dimensions 30 15 30 5 10

Ls d W, a b c I Ly Wy D

5 11 14 14 1 1 629 3 5.7

In this paper, a compact SES UWB MIMO antenna is
designed with high isolation and triple notch
characteristics at X, Ku, Ka bands. Section II describes
the proposed antenna design evolution. The achieved
result reports are discussed in Section I11.

2. Proposed SES UWB MIMO Antenna
Design

Figure 1 represents the proposed highly isolated SES
MIMO antenna with triple band notched characteristics.
The proposed antenna having dimensions of 15 x 30 x 1.6
mm?, comprises of two semi-elliptical radiating elements
with PGP united with parasitic strip to enhance the
isolation. The substrate utilized in the proposed antenna is
FR4-epoxy having dielectric constant (€;) 4.4 with tan §
(0.02). The optimized design parameters and its
dimensions are tabulated in Table 1.

Figure 2 illustrates the geometry of reference antenna,
comprising of semi-elliptical extremely wideband MIMO
antenna comprising of dual patch elements with PGP. The
partial ground's length and width are represented by L,
and W, respectively.

(a) (b)
Figure 2. Reference Antenna (a) Front view (b) Rear
view

3. Results and Discussion

The UWB MIMO designed without slots (as shown in
Figure 2) achieved the impedance bandwidth of 34.44
GHz (6.85 to 41.29 GHz) with multiple resonant
frequencies and high return loss (|Sii|) of 28.73 dB at
14.45 GHz frequency, depicted in Figure 3.
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Figure 3. Si; (dB) of the reference antenna

A. Notch Band Characteristics

Notch bands play a crucial role in MIMO systems by
reducing interference, enhancing signal quality, and
improving the collective performance and reliability of
the system. Triple notch band features are achieved by
carving two slots on the radiating elements and one slot
on the parasitic strip united to the partial ground.

Two rectangular slots with width (I) = 1 mm acts as a A/2
resonator embedded on the patch elements to generate the
notch bands of X-band (8.8 to 10.55 GHz), Ku-band
(11.53 to 12.99 GHz) with a center frequencies of 9.67
GHz and 12.26 GHz respectively. As a result of
rectangular slots on the patch, the way current is
distributed on antennas impacts the overall system
performance, which includes the bandwidth usage. It
enhanced the bandwidth from 34.44 GHz to 38.15 GHz
(3.145 GHz to 41.295 GHz).

The third notch in Ka-band (32.49 to 34.93 GHz) with the
center frequency 33.71 GHz is achieved by incorporating
the slot on the parasitic strip which is united to the PGP to
enhance the isolation between the radiating components.
This slot acts as A/4 resonator. The wavelength can be
calculated using (1) [18]. Using (2), the notch bands'
center frequency is determined.
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The achieved impedance bandwidth from 3.145 to 41.295
GHz with three notch bands is shown in Figure 4.
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Figure 4. S;; (dB) vs. Frequency (GHz) of the proposed
SES structure

Isolation is essential for achieving the full potential of
MIMO technology by ensuring that the antennas can
operate independently and without interfering with each
other. A parasitic slotted strip with 2 mm width etched on
the ground to increase the isolation to < -17dB. The
isolation between the patch elements is represented with
Si2 and Sy; dB. Figure 5 represents the comparison



between the isolation parameters with and without
parasitic strip on the PGP. The effect of surface current
distribution on the patch elements after incorporation of
the parasitic strip is shown in Figure 6.
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Figure 5. Si; and S, comparison plot with and without

slotted parasitic strip
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Figure 6. Surface current distribution

The 2d radiation patterns of the proposed antenna at Phi =
0 and 90 deg (E-Plane and H-Plane) for two different
frequencies 7.82 GHz and 17.28 GHz is depicted in
Figure 7 (a) and (b). The radiation pattern is measured at
one port when the other port is connected to 50 Q
matched load.
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Figure 7. 2D Radiation pattern (E-Plane and H-Plane)
(a) 7.82 GHz (b) 17.28 GHz

Envelope Correlation Coefficient (ECC) is a metric used
to assess the degree of correlation between the magnitude
of signals received or transmitted by multiple antennas in
a MIMO system. It can be calculated using (3) [19],

ECC = — WanlEi O.0)xE; ©.¢)]aql’ 2
[, E: 0.0)12 a0 x [, |E; 0.0)] an

€)

The proposed design achieved ECC < 0.02, depicted in
Figure 8.
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Figure 9. Gain (dBi) vs. Frequency (GHz) of the SES
UWB MIMO

Figure 9 represents the gain versus frequency plot of the
proposed design. From the figure, it is clearly evident that
the proposed antenna achieved 8.45 dBi gain and the
lower gain is observed at the notch frequency bands.
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Figure 10. (a) Fabricated prototype with measurement
setup (b) Simulated vs. Measured comparison plot



Table II. Comparative analysis of the proposed antenna with conventional designs

Ref. Patch Structure Dil(nn?:lfzi;) ns rz;egzligllc{i) Ba(n((:llx_’lv;()lth (((;:ll;:; ECC bN:;fil;
[4] sSt?lltl)are Monopole antennas with T-shaped ground 22 %36 31-11 79 -10 <01 1
[7] Tapered microstrip slot antenna with slits 18x 34 2.93-20 17.07 7 <0.01 2
[12] Gap sleeve truncated edge patch 80 x 80 2.1-20 17.9 5.8 <0.02 2
[19] sSt?lltl)are Monopole antennas with T-shaped ground 556 % 50.5 1.5-40 385 76 <0.005 1
Pr\?vlf)‘;lsfd Semi-elliptical slotted with slotted parasitic strip 15x 30 3.145-41.295 38.15 845  <0.02 3

The fabricated prototype of the proposed design and the
comparison plot of simulated vs. measured results is
depicted in Figure 10. The measured and simulated results
are in good agreement. Slight variation in the measured
result is observed due to the fabrication losses. The
comparative parametric analysis of the proposed antenna
with other traditional antennas in terms of size of the
antenna, bandwidth, gain, ECC and no. of notch bands is
illustrated in Table II. From the analysis, it is clearly
noticed that the designed antenna is compact in size
without compromising the antenna performance
parameters.

4. Conclusion

A novel compact SES UWB-MIMO antenna is designed
and simulated. The proposed structure achieved the UWB
of 38.15 GHz frequency with Triple notch characteristics
at X, Ka, Ku bands by etching the slots on the radiating
elements. It also achieved the S;; of -28.26 dB at 17.28
GHz frequency and by incorporating the slotted parasitic
strip on the PGP, achieved isolation of < -17 dB for the
entire ultra wideband. The proposed structure achieved
the gain of 8.45 dBi, suitable for advanced wireless
applications. The comparative parametric analysis is listed
in Table II.
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