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This research work addresses the challenges associated with isolation techniques in MIMO antenna design.
The proposed 4-port L-Slotted Ultra-wideband (UWB) Multiple-Input Multiple-Output (MIMO) antenna design
aims to offer a simple and compact solution that naturally ensures isolation between antenna elements. By
employing innovative design strategies, notably incorporating L-Slotted structures, the research aims to extend
the impedance bandwidth to 14.28 GHz, with a notch band covering the X-band and the lower portion of the
Ku-band. The antenna's performance is evaluated by examining key metrics such as reflection coefficient
(< — 10 dB), isolation (< — 20 dB), and diversity parameters. The proposed antenna achieved notable maximum
| S11]| of 22.77 dB at 6.945 GHz, a peak gain of 10.61 dBi, ECC < 0.0044, TARC < - 10 dB, and a diversity gain
of approximately 9.999 dB. The wide impedance bandwidth and compatibility with various frequency bands
make this antenna design adaptable to diverse applications and environments, providing flexibility for different
system requirements. With its compact and efficient design, this antenna can be integrated into Internet of
Things (IoT) devices and smart appliances, enabling reliable and high-speed wireless connectivity. Wide
impedance bandwidth makes this antenna design suitable for various wireless communication applications,

including Wi-Fi, 5G, and beyond.
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1. INTRODUCTION

In recent decades, Multiple Input Multiple Output
(MIMO) technology has significantly transformed
wireless communication systems, enabling significant
advancements in capacity, reliability, and spectral
efficiency [1]. The performance of MIMO systems is
significantly influenced by the effects of mutual coupling.
To confront this challenge, a variety of techniques have
been developed to provide feasible solutions. Among these
techniques, spatial diversity method [2] has proven
effective in mitigating the impact of mutual coupling. The
mixed coupling phenomena is made up of two
components: the inductive coupling that arises from the
circulating current between the leg to the arm, and the
capacitive coupling that is made possible by the electric
field between closely spaced arms [3]. This synergistic
combination enhances the robust isolation among the
antenna elements. A self-isolated MIMO antenna system
working in the 3.4 — 3.6 GHz frequency range is described
in [4], which is intended for 5G applications. The antenna
system has dimensions of 150 x 75 x 7 mm?3. It has a
— 22 dB minimum isolation level and an ECC of less than
0.0004. In this setup, there is a 20.8 mm gap between
antenna elements. Other methods include self-multipath
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[6] to obtain wideband decoupling with multiple
transmission zeros, linked co-planar waveguide [5],
spatial [7], and polarization diversity [8], inter-element
spacing (A+0.5mm, A+25mm, A-25mm) [9],
rectangular stub in the partial ground [10], coupled CPW
transmission lines [11], dual-layer superstrate structure
[12], L-shaped slots [13], self-control by providing A/2 to
A/8 spacing between the radiating elements [14], U-
shaped slotted ground plane [15] enhanced the isolation
between the radiating elements. The primary drawback
of these techniques is their complexity and the
subsequent increase in footprint as the number of
antenna elements grows.

This research article introduces a simple, compact,
and self-isolated ‘L’ shaped slotted ultra-wideband MIMO
antenna with notch-band features. By leveraging the self-
isolation feature, the design complexity is significantly
reduced, enhancing the ease of implementation.

2. PROPOSED ANTENNA DESIGN

The design evolution, complete structure, featuring
dimensional specifications, of the final 4-port The UWB-
MIMO antenna configuration is illustrated in Fig. 1, with
optimized parameter values tabulated in Table 1.
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Table 1 — Measurements of the L-Slotted MIMO Antenna (in mm)

Dimensions Dimensions
Parameter Parameter
(mm) (mm)
L 40 So 4
W 40 Ss 3.3
Lo 16 Sy 3.3
We 4 L; 5.5
Ly 15 1L 5.5
W, 10 G 5
Ls 5 Go 5
Wy 4 G s 4
S 4 Sw 0.7

The overall physical volume of the proposed design is
40 x 40 x 1.6 mm?3 and is fabricated on an FR-4 material,
characterized by a dielectric constant (&) of 4.4, a thickness
measuring 1.6 mm, and a loss tangent (tan 8) of 0.02. The
MIMO antenna configuration is detailed herein. The four
rectangular shaped radiating elements, as depicted in
Fig. 1(a) (considered as reference antenna) are strategically
positioned in orthogonal orientations to one another,
ensuring ample spacing between the patch elements.

This deliberate configuration is aimed at effectively
reducing interference while enhancing the performance of
the antenna system. To achieve this, the entire ground
plane of the reference antenna is modified to a partial
ground plane configuration, as shown in Fig. 1(b).
Furthermore, an ‘I’-shaped slot is incorporated into the
lower right corner of the radiating portion, as portrayed
in Fig. 1(c). Subsequently, another L-shaped slot is
introduced at the opposite corner of the patch, as
demonstrated in Fig. 1(d). Detailed analysis of the
simulated results is provided in the subsequent section.

Fig. 1 — Design evolution of L-Slotted UWB MIMO
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3. RESULTS AND DISCUSSION

The performance evaluation of the proposed L- Slotted
ultra-wideband MIMO antenna design was conducted
using HFSS 2021 R2 software. The reflection coefficient
was analyzed at various stages of the design evolution,
and the outcomes are illustrated in Fig. 2.

Initially, in Fig. 1(a), the MIMO antenna resonated at
higher frequencies. Following the alteration of the
ground, as presented in Fig. 1(b), the antenna resonated
at lower frequencies, achieving an impedance bandwidth
of 5.22 GHz (10.2 —15.42 GHz). Further enhancement
was attained with the introduction of the 'L'-shaped slot
(slot-1) at the lower right corner of each radiating
element, as represented in Fig. 1(c). This modification
extended the impedance bandwidth (Si1<-10dB) to
13.7 GHz (5.06 — 18.76 GHz).
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Fig. 2 — S11 (dB) at various stages of design evolution
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Fig. 3 — S-Parameters of the UWB MIMO Design
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Continuing the refinement process, as presented in
Fig. 1(d), the UWB frequency coverage was augmented to
14.28 GHz (5.06 — 19.34 GHz). Notably, the addition of
the second L-shaped slot (slot—2) acted as a /2 resonator,
establishing a notch band with center frequency of
11.4 GHz. The reflection coefficient of all four radiating
elements is illustrated in Fig. 3. Notably, a distinct notch
band centered at 11.4 GHz is achieved, ranging from 8.39
to 14.41 GHz falls within the X’-band and lower end of
‘Ku’-band and attained maximum |Sii| of —22.77 dB at
6.945 GHz frequency.

The key innovation of this study lies in its capacity to
effectively resolve the isolation challenge while upholding
high antenna efficiency. By leveraging inherent self-
isolation properties using 5 mm distance between the
orthogonal elements, the antenna has achieved robust
isolation of over 20 dB (as depicted in Fig. 4) without
resorting to additional decoupling elements or isolation
techniques. Moreover, the proposed system presents a
compact antenna size and a straightforward structure,
thereby improving its practicality and ease of
implementation. To demonstrate the effectiveness of the
self-isolated antenna element within the MIMO system
and its role in achieving satisfactory isolation, Fig.5
illustrates the surface current distribution of the antenna
system at 6.945 GHz. Notably; the current intensity is
primarily concentrated within the region bounded by the
excited antenna area.

Fig. 6 illustrates the 2D radiation pattern at the
resonant frequency of 6.945 GHz for orientations, ¢ = 0° and
@=90°. It is noteworthy that the proposed design exhibits
its highest radiation power in the broadside direction. The
plot presented in Fig. 7(a) illustrates a peak gain of
10.61 dBi, attained at a frequency of 6.43 GHz.
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Fig. 5 — Surface current distribution at 6.945 GHz
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Fig. 6 — Radiation pattern at 6.945 GHz

Three important metrics related to diversity in MIMO
systems are ECC (Envelope Correlation Coefficient), TARC
(Total active reflection coefficient), and Diversity Gain.

The correlation coefficient quantifies the degree of
correlation or isolation among multipath communication
channels. ECC can be computed using far-field radiation
patterns by means of Eq. (1) [16], achieved ECC < 0.0044
depicted in Fig. 7(b).
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The TARC and diversity gain responses of the
proposed structure is showcased in Fig. 8. With a TARC
value below — 10 dB, the results indicate strong isolation
between the radiating elements. Also achieved diversity
gain = 10 dB, calculated using Eq. (2) [17].

DG =10-,/T— (ECC)?
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To conduct a parametric analysis, the S11 performance
of the MIMO antenna was evaluated across four distinct
slot-1 widths (Sw) and the attained outcomes depicted as
Fig. 9. The investigation revealed that a slot-1 width of
0.7 mm yielded superior outcomes in terms of both S11
values and bandwidth characteristics. Fig. 10 depicts the
fabricated prototype, showcasing both top and bottom
views of the proposed L-Slotted rectangular patch UWB-
MIMO antenna, alongside the measurement setup.
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Fig. 10 — (a) Fabricated Prototype, (b) Measurement setup

The comparison between simulated and measured
outcomes of the proposed structure is displayed in
Fig. 11, revealing a significant agreement. Furthermore,
the antenna's performance is compared with conventional
MIMO designs, with the results tabulated in Table 2. The
comparative analysis demonstrates that the proposed
simple MIMO design achieves high operational frequency
coverage with a maximum peak gain of 10.61 dBi.
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Measured
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Fig. 11 — Reflection Coefficient - Sim. vs. Mea.

Table 2 — Comparative performance analysis of the proposed design with conventional antenna designs

Technique to enhance|Dimensions Wideband Bandwidth [Peak gain No. of .
Ref. No isolation (mm2) range (GHz) (dBi) ECC notch |Isolation
Soatio (GHz) bands
[3] Capacitive and inductivel 195, 70 | 399 366 | 0.37 - |<oam5| - | >20
coupling
2.2-3.5
[7] 20 mm spacing 60 x 60 4.8-6.2 > 2 5.5 <0.0001 — > 30
7.8-9.8
[8] Polarization diversity 22 x 1 3.3-6 2.7 — <0.2 — >12
[9] A+05mm, - A¥z.bmm, A 45,05 | 37.2-39.86| 2.66 4.25 - — | >24
2.5mm
[11] L-shaped self- decoupling 80 x 80 3.3-3.8 0.5 — <0.006 — > 20
[14] A2 to A/8 spacing 50 x 100 3.3-3.6 0.3 6.72 — — > 20
Proposed |5 mm spacing between the| 4o | 506 1934| 1428 | 10.61 |<0.0044| 1 > 20
work antenna elements

4. CONCLUSION

A simple, compact, low-complex L-Slotted UWB
MIMO antenna was designed and developed that
inherently achieved self-isolation between antenna

elements. The proposed antenna design achieved the
UWB of 14.28 GHz (5.06 GHz — 19.35 GHz) including the
notch-band of 8.39 — 14.41 GHz (X-band and lower end of
Ku-band). It also achieved the maximum |[Sii| of
22.77dB at 6.945 GHz, peak gain of 10.61 dBi,
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ECC<0.0044, TARC<-10dB and diversity gain of
= 9.999 dB. The prototype's measured outcomes closely
align with the simulated results, indicating a strong
agreement between the two. Additionally, a comparative
analysis of performance against traditional antennas was
conducted and summarized in Table 2.
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Camoizonbosaua 4-moprosa UWB MIMO aurena 3 noasiiiuum L-ipopisom i xapakTeprucTUKaMuU
IIMPIIOro gialla3oHy

T. Hemalatha, B. Roy

School of Electronics Engineering, VIT — AP University, Inavolu, 522237 India

V wiit mocaigHUBKIA poOOTI PO3IVIAAAITHC IIPO0JIEMH, OB A3aH1 3 METOIAMH 130JIAII11 B KOHCTPYKITII aHTeH
MIMO. 3amporoHoBaHa KOHCTPYKIIA 4-mmopToBoi Hammmupokocmyrosol (UWB) anTenu 3 mekiabkoMa BXOJaMH Ta
nexinbproma Buxogamu (MIMO) 3 L-uriuHaMu Mae Ha MeTi 3aIPOIOHYBATH IIPOCTE TA KOMIIAKTHE PIIlIeHHs, AKe
IPUPOIHO 3abe3Iedye 1301110 MK eJIeMEeHTaMH AHTeHU. 3aCTOCOBYIOUH 1HHOBAIIIMHI cTpaTerii IpoeKTyBaAHHI,
30KpeMa BHKOPHCTOBYIOUM CTPYKTYPH 3 L-IIiJIMHAMY, JOCIIPKEHHS CIPAMOBAHE HA POSIIUPEHHS CMyTH
mpomyckaHHA immemancy 1o 14,28 ' i3 cMyroo BUPi3iB, M0 OXOILIIOE M1amMa30H X 1 HUYKHIO YaCTHHY JT1ara3oHy
Ku. EdexTuBHICTE aHTEHW OI[IHIOETHCS IIJIAXOM BHUBYEHHS KJIIOUOBHMX ITOKA3HUKIB, TAKHUX AK KoeiIieHT
BimbuTTs (< — 10 1B), 13osmsairia (< — 20 1B) 1 mapameTpn po3HeCeHHs. 3aIPOIIOHOBAHA aHTEHA JIOCATJIA TIOMITHOTO
makcumymy |S11| 22,77 nb ma 6,945 I'T'm, mikoe mocwmimenus 10,61 gbi, ECC < 0,0044, TARC < — 10 gb 1
TOCUJIEHHS po3HeceHHs mpuban3Ho 9,999 ab. [llupoka cMyra mporycKaHHS IMIeSaHCy TAa CYMICHICTD 13 pI3HUMA
Jiarma3oHaMU 9acTOT POOJIATH II0 KOHCTPYKIIO aHTeHH aalTOBAHOI0 J0 PI3HOMAHITHUX J0JATKIB Ta CePeI0BHIII,
3a0e3rneuyoyn THYYKICTD IS PI3HUX CHCTEMHUX BHMMOT. 3aBISKN KOMITAKTHIN Ta eeKTHBHIM KOHCTPYKILI ITf0
aHTeHy MOKHa 1HTerpyBatu B mpuctpol laTeprery peueit (IoT) 1 podym=ui mpucrpoi, 3abe3medyoun HafgifiHe Ta
BHCOKOIIBUAKICHE OGe3maporoBe 3emHanusa. llIupoka cMmyra IpomycKaHHs IMIIeTaHCY POOUTDH IO KOHCTPYKIIIIO
aHTEHHU MIPUIATHOIO JJIs PI3HOMAHITHHUX IIporpaM 0e3[poToBOro 3B’si3Ky, Briouanyu Wi-Fi, 5G romro.

Kunrouogi ciosa: Camoizossiiss, UWB, MIMO, L-cior, Haciuua cmyra, [IpsamoxyrHmit maty.
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