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Design and Development of a Miniaturized Highly Isolated
UWB-MIMO Diversity Antenna with Quad Band

Notch Characteristics
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Abstract—A miniaturized quadruple band reject UWB-MIMO antenna with high degree of isolation is
designed and experimentally evaluated in this study. The reported design utilizes dual antenna elements
that are organized orthogonally by employing polarization diversity. Notch bands can be acquired
by incorporating three U-shape slots and a split ring resonator (SRR) on the antenna element that
exhibits band rejection of 3.41-4.07 GHz, 4.41-4.76 GHz, 5.21-5.64 GHz, and 6.92-8.63 GHz to reject the
potential interference from 5G, INSAT, WLAN, and X-band. The UWB-MIMO antenna is resonating in
the frequency band from 2.9 to 12 GHz with a good isolation (< —25dB). The response of the reported
antenna has been examined experimentally in terms of notch frequencies, surface current variation, gain,
radiation patterns, envelope correlation coefficient, diversity gain, and total active reflection coefficient.

1. INTRODUCTION

In 2002, the Federal Communications Commission (FCC) authorized the use of ultra-wideband (UWB)
frequencies between 3.1 and 10.6 GHz, initially for radar systems but later for data transmissions due to
its high data rates and channel capacity [1]. UWB antennas, however, are afflicted by multi-route
fading [2]. When UWB is used in tandem with multiple-input multiple-output (MIMO) antenna
technology, not only is transmission capacity and dependability increased, but multi-path fading is also
mitigated [3]. Multiple-input, multiple-output improves reliability by employing numerous antennas
at both the sender and receiver. Due to the presence of a number of antennas, mutual coupling
predominates. Several methods, including neutralization line [4-7], parasitic elements [8-10], defected
ground structures [11], decoupling structures [12-15], and stubs [16] have been suggested to reduce
interference between entities. The primary challenge in designing UWB antennas is the potential for
interference from narrow band systems, which arises from the need to share frequency bands. Various
narrow band systems like WIMAX (3.2-3.8 GHz), C-band (3.7-4.2/5.9-6.4 GHz), INSAT (4.4-4.9 GHz),
WLAN (5.1-5.8 GHz), X-band (7.7-8.4 GHz) also exist in UWB. Putting band reject filters at the
antenna system’s output is one way to get rid of these frequencies. However, this will increase the
antenna system’s intricacy. Therefore, it is difficult to achieve notch characteristics while keeping
implementation intricacy to a minimum. To overcome the problem of interference from different
frequencies, it is crucial to use an antenna that can reject signals across multiple bands. Several
researchers have put forward various techniques to create antennas that can suppress signals in one,
two, or three frequency bands. A multiple input multiple output antenna that consists of dual quasi-self-
complementary (QSC) antennas for the mitigation of WLAN frequency is designed with the help of slits
on each antenna [17]. Researchers have proposed a miniaturized octagonal type UWB-MIMO antenna
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for the suppression of WLAN narrow band by employing a C-type slot on the antenna along with
increased isolation in [18]. A miniature MIMO antenna with band-stop filter on the ground for increase
in isolation has been explored in [19]. In [20], a MIMO antenna is introduced that has high isolation
and uses a stepped stub as a decoupling mechanism, while also possessing the ability to reject signals
in specific frequency bands. [21] discusses a distinctive UWB-MIMO Vivaldi antenna that features
increased element separation and a single notch characteristic, made possible by incorporating a T-
shaped slot above the ground and two strategically placed SRRs. [22] examines a dual-port miniaturized
UWB-MIMO antenna that is capable of creating notches in two frequency bands by using slots and
a T-shaped stub in its design. [23] investigates a UWB antenna that has been enhanced with a slot
and an electromagnetic band. In [24-30], various small size UWB-MIMO antennas with enhanced
isolation and triple band & penta band mitigation features are implemented. In [31], a two element
UWB MIMO antenna of size 40 x 40 mm? with four notches is demonstrated. A compact polarization
diversity quadruple band notch UWB MIMO antenna is described in [32]. An electromagnetic band
gap (EBG) based quadruple band notch UWB-MIMO antenna is explored in [33]. In [34,35], various
compact UWB-MIMO antennas are analyzed with dual band notch characteristics.

To effectively reduce interference to a negligible level, it is crucial to abolish any significant intrusive
bands that fall within the UWB. The current literature on UWB antenna designs focuses mainly on
techniques to suppress single, dual, and triple band notches, with very limited coverage of methods
to reject quadruple bands. Additionally, UWB antenna designs discussed in the current literature
are massive in size and not suitable for the use in portable systems. Therefore, this article suggests
a MIMO antenna design with strong isolation that can suppress four frequency bands in the ultra-
wideband range, making it suitable for various wireless applications. The reported design offers a novel
feature of achieving a greater number of notches within UWB, while allowing for sharpness control of
the rejections. Additionally, the design ensures better isolation of less than —25 dB across the necessary
resonating bandwidth for MIMO systems.

2. ANTENNA DESIGN AND ANALYSIS

2.1. Design Approach for Achieving UWB Characteristics

The design process for the ultra-wide band antenna is illustrated in Figure 1. The reported antenna is
constructed using copper and lithographed on an FR-4 lossy substrate that is 20 x 24 x 1.6 mm? in size,
with a permittivity of 4.3, thickness of 1.6 mm, and loss tangent of 0.02. The copper foil has a thickness
of 0.035 mm and a conductance of 5.8e+007S/m. Initially, a rectangular radiator is placed above the
substrate with reduced ground (Ant#1) as shown in Figure 1(a). However, this configuration causes a
irregularity in the feed line connection that results in current concentration at the lower corners of the
antenna, reducing radiation effectiveness at higher frequencies. To overcome this issue, Antenna#2 is
proposed by adding two rounded slots at the ground’s top corners and a groove at the center, as well
as tapering the lower corners of the patch to increase impedance bandwidth. As shown in Figure 2(c),
Antenna#2 operates within the required frequency range for UWB systems, extending from 2.9 to
12 GHz.

(a) (b) ©) (d) (e) )

Figure 1. Evolution steps of the reported Quadruple band reject UWB antenna. (a) Ant#1. (b)
Ant#2. (c) Ant#3. (d) Ant#4. (e) Ant#5. (f) Ant#6.
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Figure 2. (a) Suggested band reject UWB antenna. (b) Slots. (c) Return loss characteristics.

Narrow band systems such as 5G, INSAT, WLAN, and X-band also operate within the UWB
frequency range and can cause interference due to spectrum sharing. To address this intrusion, numerous
notch techniques, such as creation of slots, have to be included in UWB antenna design after analyzing
its characteristics. Figures 2(a) & (b) depict a quad-band reject UWB antenna with three U-shape slots
and a split ring resonator, which effectively suppress intrusion from 5G, INSAT, WLAN, and X-bands.
The outer U-shaped slot produces a notch at 3.9 GHz; the middle U-shape slot generates a notch at
4.6 GHz; and the inner U-shape slot creates a notch at 5.5 GHz. Additionally, an SRR is etched to
generate a notch at 7.4 GHz. The length of each slot is computed by a formula.

. CcO
= — 1
" 2Lzslot Eeﬁ ( )
sot = 2Li +W; (2)
e +1
5eﬁ = T2 (3)

where C' is the velocity of light in free space, and e is the effective dielectric constant of the substrate.

The UWB antenna in Figure 2(a) was designed using CST MW Studio 2018, based on calculated
dimensions for the quadruple band notch antenna which were determined as follows: L = 24, W = 20,
Lp=12, Wp =12, Wg =20, Lg =85, Wf =25 Lf =10, L1 =8, L2 =7, L3 = 6.2, L4 = 2.2,
W1=85 W2=7 W3=55 Wid=6,a=2,b=2,¢c=2,d=3, R=3.8, g=1.2. All dimensions

are in mm.

2.2. Parametric Analysis

Figure 3 provides a visual depiction and explanation of the return loss characteristics that can be
compared to better comprehend how the rejection process is controlled with precision. S-parameters
for each notch band, generated by altering the dimensions of the corresponding band notch structure,
are displayed in the figure. The key parameters for achieving the notch band characteristics with respect
to U-shaped slots and SRR slot are L1, L2, L3, L4, W1, W2, W3, and W4. These parameters are
essential since the currents that flow through U-shape slots travel in opposite directions at specific
frequencies, which contributes to the characteristics of the notch band.

To optimize the design, only one parameter is adjusted at a time while the other design factors
are maintained constant for each individual notch element. The S1; (dB) plots for the quadruple band
suppressed UWB antenna are shown in Figures 3(a)—(d). The figures indicate that when the length of
the notching structure is increased, the target frequency range where the signal is blocked is also shifted
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Figure 3. Simulated Si; plot for variation in (a) length of outer slot (L1), (b) length of middle slot
(L2), (c) length of inner slot (L3), (d) width of SRR slot (W4).

towards the lower end of the frequency band. On the other hand, a short length notching structure
shifts the target stopband towards high frequency end. Equations (1)-(3) illustrate that there is an
inverse relationship between the total length of the notching structure and the frequency at which the
signal is intended to be blocked. Moreover, it is demonstrated that the notch frequencies are essentially
unrelated to each other. Therefore, by making appropriate changes to the sizes and locations of the
relevant components that control the frequency band and notches, it is possible to achieve the desired
notch frequency and bandwidth.

3. DESIGN OF PROPOSED TWO-PORT ULTRA WIDE BAND MIMO ANTENNA

The design layout of dual port UWB MIMO antenna is shown in Figure 4. Initially, two antenna
elements are placed in a collinear manner, as depicted in Figure 4(a). The footprint of the proposed
collinear antenna is only 24 x 40 x 1.6 mm?3.

In Figure 4(b), the simulated and measured S-parameters (S1; and Si2) of the proposed dual port
collinear UWB-MIMO antenna are shown. The simulation results indicate that the antenna achieves
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Figure 4. (a) Collinear UWB-MIMO antenna. (b) Variation of S;; & Sia.

the desired four notches within the UWB. However, the isolation between the antenna structures is only
below —10dB, which is not sufficient for a MIMO antenna in a mobile scenario where the isolation has
to be less than —20 dB.

To further improve the isolation between the two antenna elements, they are positioned
perpendicular to each other as illustrated in Figure 5(a). This configuration results in better isolation
between the antenna structures, which enables polarization diversity to be achieved with an isolation of
smaller than —25dB over the entire operating bandwidth which is shown in Figure 5(b). Figures 5(c)
& (d) show the measured S-parameters. Photographs of the fabricated antenna are shown in Figures 5(e)
& (f). The analysis suggests that polarization diversity is more effective than spatial diversity in reducing
mutual coupling. The orthogonal arrangement of the antenna elements is found to provide a spatial
diversity performance of —12dB.

4. RESULTS AND DISCUSSION

Figure 6 presents current distribution of the proposed antenna, which helps understand how the notched
band phenomenon is achieved. When port-1 is turned on and the other port turned off, the areas with
the highest current concentrations are located on the outer edge of the slot at 3.86 GHz, in the middle
of the slot at 4.6 GHz, in the inner slot at 5.51 GHz, and in the SRR slot at 7.41 GHz. These areas
of high current concentration are not present in other parts of the antenna array. The arrangement
of the band-notches causes the currents to flow in opposite directions along the edges that move away
from each other, thereby eliminating the radiation fields. As a result of the above phenomenon, each
band-notch arrangement functions as a non-radiating structure when the frequency corresponds to the
band-notch frequency.

Figure 7 illustrates the simulated and measured radiation patterns in the E-plane and H-plane for
the reported UWB-MIMO antenna. The radiation patterns are presented for two resonant frequencies
of 4.17 GHz and 4.91 GHz, respectively.

Figure 7 presents the radiation patterns of the UWB-MIMO antenna in both E-plane and H-plane,
which show directional radiation in the E-plane and semi-omnidirectional radiation in the H-plane for
two resonant frequencies (4.17 GHz and 4.91 GHz). In addition, Figure 8(a) shows the simulated and
measured gains of the antenna, which are almost consistent across the operating bandwidth except for
a decrease at the four notch frequencies, indicating successful blocking of interference from 5G, INSAT,
WLAN, and X-band systems.



202 Ramesh Babu and Dinesha

0
=104
)
z
» —20-
L
o s
E S
S =307
©
nl- i et
0 J—s11(Simulated)
-404 i |- - - -s11(Measured)
——S12(Simulated)
-------- S$12(Measured)
=50 : y
2 10 12

Figure 5. (a) Two element orthogonal UWB-MIMO antenna.

Photograph taken during measurement of Si; using Vector Network analyzer. (d) Photograph taken

during measurement of Sj2 using Vector Network analyzer. (e) Fabricated prototype model (Top-view).
(f) Fabricated prototype mode (Bottom-view).

(b) Variation of S1; & Si2. (c)
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Figure 6. Surface current distribution for the reported dual port UWB-MIMO antenna. (a) 3.86 GHz.
(b) 4.6 GHz. (c¢) 5.51 GHz. (d) 7.41 GHz.
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Figure 7. Normalized radiation characteristics at (a) 4.17 GHz, (b) 4.91 GHz.

4.1. Time Domain Characteristics

Ultra~-wideband technology relies on quick bursts of energy to send and receive information. The signal
may be distorted and spread out because of the transmission channel and the distance. Therefore,
UWB antenna necessitates more thorough parameter analysis than regular antennas. For this time-
domain study, we place two matching antennas 100 mm apart in both a face-to-face and a side-by-side
arrangement. As shown in Figure 8(b), group delay is less than 1 ns except at notch frequencies.
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Figure 8. (a) Gain versus frequency. (b) Group delay of the suggested antenna in various
configurations.

4.2. Diversity Characteristics

In this section, the effectiveness of the reported UWB-MIMO antenna is examined in a multi-path
fading scenario using various diversity performance measures such as envelope correlation coefficient
and diversity gain.

4.3. Envelope Correlation Coefficient

This section discusses the importance of the envelope correlation coefficient (ECC) as a diversity
parameter for evaluating the interference between adjacent antennas in a MIMO array. The ECC
takes into account the effect of S-parameters on the behavior of the array, and for reliable operation in
fading environment, the ECC must be less than 0.5. The ECC can be calculated using the S-parameters
of the MIMO antenna, as given in Equation 4. Reference [30] is cited as the source for this information.

|Sii * Sij + Sji * S5

ECC = (1 184l — Sfj) (1 —1S5* - SJQ‘J‘)

(4)

4.4. Diversity Gain

The diversity gain (DG) is a crucial metric that measures the improvement in the signal-to-noise ratio
(SNR) achieved by utilizing diversity techniques in a MIMO antenna system. A higher DG implies
better reception quality in a fading channel. ECC and DG are correlated with each other as depicted
in Equation (5).

DG =101 - ECC? (5)

The simulation results depicted in Figure 9(a) demonstrate that envelope correlation coefficient
(ECC) and diversity gain (DG) are below 0.05 and around 10 dB, respectively, across the entire operating
frequency range of the reported UWB-MIMO antenna, except for the notched frequencies. This indicates
that the reported UWB-MIMO antenna exhibits outstanding diversity performance.
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Figure 9. (a) ECC and DG. (b) TARC.

4.5. Total Active Reflection Coeflicient

Total active reflection coefficient (TARC) is a vital diversity parameter for characterizing MIMO
performance as a function of impedance bandwidth and resonant frequency. It is the ratio of square
root of whole reflected power to incident power in the overall MIMO antenna system. TARC can be

evaluated as )

4

D

4
Sit+ Y Sine??rt
i=1 n—2

TARC = 2‘ (6)

The antenna’s total active reflection coefficient (TARC) is shown in Figure 9(b), which indicates

that TARC values are lower than —10dB over the operating frequency range, except for the notch

frequencies. Furthermore, the performance of the suggested antenna is evaluated by comparing it with

the outcomes of previously published studies on band reject antennas for UWB, and the findings are
summarized in Table 1.

Table 1. Performance comparison with state of art models.

Ref./Year | Size (mm) | Operating BW | No. of notches | Gain | Isolation (dB) | ECC
2]/2013 | 26 x 40 2.9-10.6 NA 6.5 ~15 <02
[19]/2015 | 45 x 45 2-10.6 1 4 —17 <0.01
21]/2017 | 30 x 30 3.1-11 1 5 —20 <0.02
23]/2020 | 19 x 30 3.1-10.6 2 1.2-2.91 —18 <0.13
26]/2018 | 64 x 45 2.5-11 3 6 —15 < 0.02
33]/2021 | 43 x 34.9 310.7 4 6 —25 <0.05
[34] /2022 21.5 x 28 3.4-11.9 2 5 —16 < 0.3
35]/2022 | 44 x 44 2.4-12.4 2 5 ~15 <0.3
Proposed | 24 x 40 2.9-12 4 5 —25 < 0.003
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5. CONCLUSION

This article presents a study on a dual port ultra-wideband multiple-input multiple-output antenna
with quad-band notch characteristics. The reported antenna is designed with two compact rectangular
patch antenna elements arranged in an orthogonal pattern, providing better isolation among antenna
ports. The radiators feature three U-shape slots and a split ring resonator to suppress intrusion from
5G, INSAT, WLAN, and X-band. The proposed antenna demonstrates band rejection at the intended
notch frequencies, and the surface current variation validates this principle. The broad band gain ranges
from —0.75dB to 5dB, with minimal values at the notch frequencies. The reported antenna provides
good diversity performance such as low ECC (< 0.003) and high DG (> 9.99) for receiving diversity
techniques across the resonating bandwidth except at notches.
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