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Abstract

This manuscript presents a compact Multiple-Input Multiple-Output (MIMO) Ultra-Wideband (UWB) Vivaldi tapered slot antenna with
dual band-notched characteristics. The proposed antenna has overall dimensions of 20 x 29.4 mm?, and its design procedure and
performance are comprehensively investigated. A detailed description of the antenna design evolution is provided. A stepped feed line
is employed to enhance the impedance bandwidth for a reflection coefficient below -10 dB, while a meandered slot and an arc-shaped
stub are incorporated to create notched bands at the WiMAX and WLAN frequencies, respectively. To improve the isolation between
the MIMO antenna elements, a tuning fork-shaped slot is etched in the ground plane between the two ports. The measured results
demonstrate that the proposed antenna operates over a wide bandwidth from 2.6 to 12 GHz, while effectively rejecting the 3.5 GHz and
5.6 GHz bands, corresponding to the WiMAX and WLAN bands, respectively. In addition, a minimum isolation of 18 dB is achieved across

the operating band. Owing to its compact size, good MIMO diversity performance, and dual band-notched characteristics, the proposed

antenna is a promising candidate for modern wireless communication systems and UWB applications.
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1 Introduction

Multiple-input multiple-output (MIMO) antennas have
emerged as a promising technology for modern wireless
communication systems due to their ability to enhance chan-
nel capacity, improve link reliability, increase data through-
put, and extend communication coverage [1]. In particu-
lar, Ultra-Wideband (UWB) MIMO antennas play a vital
role in microwave communication and imaging systems
by providing high data transmission rates, improved detec-
tion accuracy, and enhanced microwave imaging capabili-
ties [2]. The UWB frequency band allocated by the Federal
Communications Commission (FCC), ranging from 3.1 GHz
to 10.6 GHz [3], enables these antennas to support a broad
range of wireless applications.

Over the past decades, considerable research has been
devoted to the development of compact UWB antennas with
wide impedance bandwidths. However, the coexistence of
UWRB systems with other wireless communication services,

such as Worldwide Interoperability for Microwave Access
(WiMAX), Wireless Local Area Networks (WLAN), and
X-band satellite communication, introduces electromagnetic
(EM) interference within the UWB operating band. To mit-
igate this issue, incorporating band-notched characteristics
into UWB antenna designs has become an effective and
widely adopted approach, enabling the selective rejection
of interfering frequency bands while preserving the desired
ultra-wideband performance [4].

Numerous UWB MIMO antenna designs have been
reported in the literature, employing various isolation
enhancement techniques. These techniques include element
separation [5, 6], the use of stubs [7, 8], Electromagnetic
Band Gap (EBG) structures [9], fork-shaped Defected
Ground Structure (DGS) configurations [10], fence-type
DGS techniques [1], neutralization lines [11], and polariza-
tion diversity approaches [12, 13]. Each of these methods

Cite this article as: Mokhtari, M., Challal, M., Mansoul, A., Oussaid, R. "Compact MIMO Vivaldi Tapered Slot Antenna for UWB Systems with WLAN/WiMax
Band-notched Features", Periodica Polytechnica Electrical Engineering and Computer Science, 2026. https://doi.org/10.3311/PPee.44580



2 | Mokhtari et al.
Period. Polytech. Elec. Eng. Comp. Sci.

provides an effective solution for reducing mutual coupling
and improving the isolation between antenna elements.

Despite significant advancements in UWB MIMO
antenna design, antenna size remains a major challenge for
designers. The compact arrangement of multiple antenna ele-
ments in MIMO systems often leads to strong mutual cou-
pling, which can negatively affect diversity performance.
Therefore, achieving compact size while effectively address-
ing high mutual coupling remains a crucial challenge in
MIMO antenna design [14]. Furthermore, MIMO systems
utilizing the UWB spectrum may face challenges due to
electromagnetic interference with other communication stan-
dards. To mitigate this issue, various notch techniques have
been adopted for the design of band-rejected MIMO anten-
nas. Noteworthy examples include a two-element UWB
antenna with a WLAN band notch [15]. Every antenna ele-
ment has a rectangular stepped-slot, serving as the primary
radiator, and a z-shaped slot for rejecting the WLAN band.
An inverted T-shaped slot is introduced to enhance isola-
tion. In [16], the UWB MIMO Vivaldi antenna exhibits
WLAN and C-band band-notched characteristics, achieving
band rejections through the use of varying in size Split Ring
Resonators (SRRs), and the mutual coupling is reduced using
a T-shaped slot. In [17], a MIMO UWB antenna with two-
band notched characteristics at 5G and Wi-Fi 6E applications
is presented, accomplished by etching a Complementary
Split Ring Resonator (CSRR) and inserting an SRR. Isolation
is achieved using a three-line stub between lathe two radiat-
ing elements. In [4], a four-port MIMO antenna with three
notched bands at WLAN, X-band, and WiMAX is pro-
posed, featuring etched C-shaped slots and an L-shaped slot.
The isolation is improved by the orthogonal orientation of
antenna elements and the insertion of a cross-shaped decou-
pling structure. These innovative techniques aim to enhance
coexistence with other wireless systems and increase the
overall capability of UWB MIMO antenna systems.

Although numerous UWB MIMO antennas with band-
notched characteristics have been reported, most existing
designs either have relatively large dimensions, rely on com-
plex decoupling structures or multiple resonant elements to
achieve band rejection, or provide only a single notched band.
Consequently, designing a compact UWB MIMO Vivaldi
antenna that simultaneously offers dual band-notched char-
acteristics, high isolation, structural simplicity, and excellent
diversity performance remains a significant challenge.

To address these limitations, this paper proposes a com-
pact UWB MIMO Vivaldi tapered slot antenna with dual
band-notched characteristics. The WiMAX and WLAN band

rejections are independently realized by incorporating amean-
dered slot and an arc-shaped stub, respectively. Furthermore,
a compact tuning fork-shaped slot etched in the ground plane
is introduced to effectively reduce mutual coupling while
preserving the antenna's ultra-wide impedance bandwidth.
The proposed design achieves an excellent balance between
compact size, filtering capability, MIMO performance, and
structural simplicity. In addition, the band-notching mech-
anism is thoroughly analyzed through parametric studies
and surface current distributions. Experimental results are in
good agreement with the simulated results, thereby validat-
ing the effectiveness of the proposed antenna design.

2 Antenna design and study

2.1 Antenna structures

The proposed antenna is printed on an FR-4 substrate with a
thickness of 1.6 mm, a relative dielectric constant of 4.3, and
a loss tangent of 0.02. The overall dimensions of the antenna
are 20 x 29.4 mm?. Two stepped microstrip feed lines are
printed on the top layer, while the bottom layer incorporates
a Vivaldi tapered slot, a meandered slot, an arc-shaped stub,
and a decoupling structure. The configuration of the proposed
antenna is illustrated in Fig. 1, and the optimized dimensions
obtained using CST Microwave Studio are listed as follows:
W =294 mm, W =2 mm, W,= 0.6 mm, W, =2.9 mm,
W =9.8mm,Ls=20mm, L =6mm,L,=4mm,[3=4mm,
L =14mm,L =73 mm, R =135 mm, H = 0.55 mm,
H,=8.6mm, S =0.5mm,La= 8.1 mm. The main radiator
of the antenna consists of an exponential tapered slot etched
into the ground plane. The mathematical expression defining
the exponential taper profile is given as Eq. (1)—(3):
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Fig. 1 Layout of the proposed antenna: (a) Top view; (b) Bottom view



The taper profile is defined by the opening rate
(= 0.15) and determined by the bottom point and peak
point: P (x,, y) and P, (x,, y,), respectively; and can be
determined by H, and H,.

2.2 Antenna design evolution

First, we start our design with a single antenna element fed by
a standard 50 Q microstrip line as depicted in Fig. 2 (step 1),
to improve the impedance matching, a stepped microstrip
feed line is used (step 2). The WiMax band rejection is
achieved by etching from the ground plane a meandered slot
positioned above the tapered slot, and to reject the WLAN
band an arc-shaped stub is connected to the top flare of the
Vivaldi antenna as shown in Fig. 2 (step 3, and step 4, respec-
tively). By placing two elements next to each other a mutual
coupling is created between the two ports (step 5), to cancel
it an isolation structure comprising a tuning fork-shaped slot
is inserted between the two elements (step 6). This configu-
ration reduces the surface current density, as well as mutual
coupling between the two elements.

According to Fig. 3, the operational bandwidth of the
UWRB single antenna element, using a stepped feed line,
ranges from 3.5 GHz to 12 GHz. With the inclusion of the
meandered slot, the antenna operates within the frequency
range of 2.9 GHz to 12 GHz, featuring a band rejection at
3.5 GHz [3.2-4 GHz]. Additionally, the insertion of the arc-
shaped stub enables the antenna to reject a second band at
5.5 GHz [4.9-6 GHz]. Moreover, by incorporating an iso-
lation structure between the two elements, the maximum
mutual coupling is significantly reduced from —7 dB to
—15.4 dB. as shown in Fig. 4. The final UWB MIMO antenna
design, incorporating all modifications, achieves an opera-
tional bandwidth from 2.9 GHz to 12 GHz, with notches at
3.5 GHz and 5.5 GHz, and an isolation exceeding 15.4 dB.

b 5l i i

step 1 step 2 step 3 step 4

i b

step 5 step 6

Fig. 2 Design evolution of the suggested antenna
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Fig. 4 S-Parameters of the MIMO antenna design

To demonstrate the impact of the insertion of the iso-
lation structure on reducing mutual coupling within the
antenna, a study of current distribution was conducted
on the structure with and without the isolation mecha-
nism. The study was performed at a frequency of 3.1 GHz,
with port 1 excited and port 2 terminated by a 50 Q load
(Fig. 5). Simulation results show a significant reduction in
current density around the second port of the antenna

2.3 Filtering technique

Parametric studies on the length of the meandered slot and
the arc-shaped stub are shown in Fig. 6 and Fig. 7, respec-
tively. It is seen that altering the length of the meandered
slot modifies the first notched band (WiMAX band) while
leaving the second unchanged. Similarly, adjusting the
length of the arc-shaped stub modifies the second notched
band (WLAN band) without affecting the first. It is note-
worthy that elongating both the slot and the stub leads to a
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(a)

Fig. 5 Distribution of surface current at 3.1 GHz: (a) without isolation structure; (b) with isolation structure
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reduction in the central frequency of the respective band-
notches and vice versa.

According to [18] the meandered slot acts as parallel
inductance capacitance (LC) circuit, and the central fre-
quency of the band notch can be estimated using Egs. (4-5):

(b)
C
Froen = T “)
4leot -
2
L, =W, +3L, ®)

where C'is the speed of the light, ¢ relative permittivity, and
L, is the total length of the meandered slot and is approxi-
mately quarter guided wavelength (4,/4) at 3.5 GHz.

For the arc-shaped stub the relationship between the cen-
tral frequency of the notched band and the length of the stub
can be represented as Eq. (6):

C

e +1°
‘N2
where L is the length of the arc-shaped stub which is near
to /lg/4 at5.5 GHz

The surface current distributions of the designed
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antenna at the two rejected frequencies, with Port 1
excited and Port 2 terminated with a 50 Q load, are illus-
trated in Fig. 8. At 3.5 GHz, the current is mainly con-
centrated around the meandered slot, whereas at 5.5 GHz,
the current density is predominantly distributed along
the arc-shaped stub. These observations confirm that the
meandered slot is responsible for generating the WiMAX
band rejection, while the arc-shaped stub contributes to
the WLAN band rejection.

2.4 Fabrication and discussion

The photograph of the realized MIMO antenna is dis-
played in Fig. 9, Measurements were carried out using a
KEYSIGHT PNA N5224A network analyzer, and Fig. 10
illustrates a graphic comparison of the measured and sim-
ulated S-parameters. The measured operating bandwidth
spans from 2.6 to 12 GHz, with a band notch at 3.5 GHz
[3.1-3.9 GHz], and at 5.6 GHz [5-5.9 GHz]. The isolation
is below 18 dB across the entire operating bandwidth, and
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Fig. 9 Fabricated prototype: (a) Top view; (b) Bottom view

there is a significant correlation between the simulated
and measured results.

Fig. 11 illustrates the normalized radiation patterns of
the proposed MIMO antenna at various frequencies in both
the XOY-plane (E-plane) and the XOZ-plane (H-plane).
The radiation patterns are obtained by exciting Port 1 while
terminating Port 2 with a 50 Q load. It can be observed that
the antenna exhibits a directive radiation pattern in both
planes across the operating frequency range. The varia-
tions of the realized gain and radiation efficiency with fre-
quency are illustrated in Fig. 12. As expected, both param-
eters exhibit a significant reduction at the notched WiMAX
and WLAN frequency bands, confirming the effectiveness
of the proposed band-rejection mechanism. Outside the
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(b)

Fig. 8 Distribution of surface current at: (a) 3.5 GHz; (b) 5.5 GHz

rejected bands, the antenna achieves a maximum realized
gain of 5.3 dBi at 9 GHz and a peak radiation efficiency
of 90.5% at 8 GHz, demonstrating its suitability for UWB
wireless communication applications.

The envelope correlation coefficient (ECC) is an essen-
tial metric to consider during the design of a MIMO antenna,
where the optimum level of £CC should be equal to or less
than 0.3, the relationship between ECC and S-parameters is
described as Eq. (7)[12]:

o S1*1S12 + S;Szz ’ .
(1_|S11|2 _|S21|2)(1_|Szz |2 _|S12|2)

)

The diversity gain (DG), which is closely related to the
envelope correlation coefficient (ECC), is another import-
ant parameter for evaluating the diversity performance of
MIMO antennas. It is calculated using Eq. (8):

DG =10+1- ECC* . ®)

Fig. 13 presents the calculated ECC and DG values,
demonstrating low ECC levels (ECC < 0.07) across the
entire operating bandwidth. The DG remains approxi-
mately 10 dB throughout the operating band, except at
the rejected frequency bands, where it slightly decreases
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Fig. 10 Magnitude of S-parameters: (a) Reflection coefficient; (b) Isolation
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to 9.6 dB. These results confirm that the proposed antenna
exhibits excellent diversity performance and is suitable
for MIMO applications.

The channel capacity loss (CCL) is another important
parameter for evaluating the performance of MIMO antenna
systems, as it quantifies the reduction in channel capac-
ity resulting from mutual coupling and signal correlation
between antenna elements. For efficient MIMO operation,
the CCL should remain below 0.4 bits/s/Hz over the oper-
ating bandwidth [12]. As illustrated in Fig. 14, the proposed
antenna maintains CCL values well below this acceptable
limit across the entire operating band, with only slight vari-
ations observed at the notched frequencies.

A comparative study of the proposed antenna in terms
of size, impedance bandwidth, rejected bands, and isolation
level with other recent works reported in the literature is pre-
sented in Table 1. The comparison highlights the advantages
of the proposed design in achieving a compact size while
maintaining wideband operation, dual band-notched charac-
teristics, and good isolation performance.

3 Conclusion

In this work, a compact UWB MIMO Vivaldi tapered slot
antenna with dual band-notched characteristics is presented.
The antenna design evolution is described, demonstrating the
effective rejection of the WiMAX and WLAN bands through
the incorporation of a meandered slot and an arc-shaped
stub, respectively. Furthermore, the integration of a tuning
fork-shaped slot improves the isolation between the antenna
elements, achieving a minimum isolation level of 18 dB. A
parametric study is conducted to investigate the influence
of the dimensions of the structures responsible for generat-
ing the notched bands. Moreover, the filtering mechanism is
thoroughly analyzed and explained. The fabricated antenna
exhibits a compact size of 20 x 29.4 mm? and achieves an
experimental operating bandwidth from 2.6 to 12 GHz, with
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Fig. 14 CCL of the proposed MIMO antenna
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Table 1 Comparison of the proposed antenna with other reported works

Ref [4] [5] [6] [8] [15] [16] [17] This work
Size (mm?) 35.9 x 359 40 x 21 85 x 170 58 x 36 23 %26 26 x 26 40 x 30 20 x29.4
Bandwidth (GHz) [3.2-10.8] [2.94-11.6] [3-12] [2.6-27.2] [3.1-10.6] [2.9-11.6] [3.05-11.6] [2.6-12]
Bandnotched [g';‘:z'ﬂ B6ats] 493 647 [2.7-4] sise)  IS3S8 (3439 (139
(GHz) [[7..178..8] ’ ' ’ ’ [8.5-12] T [7.85-8.55]  [5.7-6.2] [5-5.9]
feiit}?;iigﬁe anﬁ Isdl—lsa}?;()ied U-shaped slot U-shl;ngi slot doljbi: aé)—zfll:sed Z-shaped slot SRR CSIS{;{Ra nd slf)fzrrll((iie;:(?—
slots slots shaped stub
Peak gain (dBi) 5.1 4.21 7.18 4 4.5 >6 / 5.3
efficiency (%) 93 86 / 95 92 / 67 90.5
ECC <0.49 <0.002 <0.001 <0.01 <0.01 <0.02 <0.02 <0.07
DG / 9.999 9.998 0.94 / / 9.75 9.6
CCL (bits/s/Hz) / <0.1 <0.14 <0.4 / / <0.4 <0.4
Isolation (dB) >20 >18 >25 >16 >20 >16 >15 >18

effective rejection at 3.5 GHz and 5.6 GHz. The ECC remains
below 0.07 over the operating bandwidth, confirming the
excellent diversity performance of the proposed antenna
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