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This study introduces a compact plant-structured MIMO antenna developed for modern wireless appli-
cations, including Wi-Fi 6E and IoT Systems. The design structure is implemented on substrate of FR-4 with
a small footprint as 45 mm x 20 mm, which makes it well suited for miniaturized wireless devices. The
antenna resonates at 6.98 GHz with IBW of 1.8 GHz (5.5-7.3 GHz) effectively covering the upper C-band
band for Wi-Fi 6E and IoT Systems. The achieved simulated Si1 result of — 19.33 dB verifies good matching
of impedance characteristics. The mutual coupling within MIMO elements is limited to — 19.89 dB (S21)
demonstrating efficient isolation performance. An inter-element spacing of 6.5 mm is preserved to further
minimize electromagnetic interaction. Important MIMO performance indicators such as Total Active type
Reflection Coefficient (TARC), Channel type Capacity Loss (CCL), Diversity related Gain (DG) and Envelope
Correlation type Coefficient (ECC) are comprehensively analyzed. All evaluated MIMO parameters remain
within the standard acceptable limits confirming dependable wireless system operation. The obtained re-
sults reveal excellent diversity behavior, minimal correlation and enhanced channel capacity. Therefore,
designed plant-structured MIMO system serves as a strong for compact, efficient and reliable for Wi-Fi 6E
and IoT Systems.
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1. INTRODUCTION

Antenna play a vital role in wireless communication
systems. In recent times, to fulfil the requirements of
high data rates and improved network capacity of mod-
ern advanced wireless systems, MIMO antennas are on
high demands. Researchers have reported many MIMO
designs in literature, such as a flower-inspired broad-
band radiator [1] for sub-6 GHz 5G systems is developed
using CMA, while a dual-band MIMO configuration op-
timized for radar sensing is reported in [2]. A low-profile
ultra-wideband MIMO antenna with three notch bands
is introduced in [3], and a four-element MIMO structure
for IR-UWB applications exhibits efficient dual-notch
suppression and multitone interference rejection [4]. A
dual-stopband slotted-edge substrate antenna is pro-
posed in [5]. Further advancements include a DGS-as-
sisted MIMO antenna with a feature of interference re-
duction [6], and a CPW-excited MIMO antenna support-
ing dual-notch characteristics and GSM operation [7]. A
Wang-shaped geometry [8] is shown to significantly min-
imize inter-element coupling. The use of Gaussian pro-
cess techniques for radiator optimization is discussed in
[9], while a compact radiator employing parasitic ele-
ments with machine-learning-based optimization is pre-
sented in [10] for sub-6 GHz 5G platforms. Moreover, a
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slot-loaded inverted-F MIMO antenna, reported in [11]
enable WLAN dual-band functionality, followed by a
semi-circular compact dual-band arrangement, dis-
cussed in [12]. A small-sized four-port DGS-based radia-
tor with integrated notch filtering is described in [13],
and a printed 4-element MIMO system optimized for
ISM band is reported [14]. A CSRR-embedded compact
four-port radiator [15] achieves wideband operation with
high isolation, whereas a compact dual-band printed
MIMO system [16] covers X-band, WLAN, sub-6 GHz,
and WiMAX bands. Deep-learning-driven surrogate
models for antenna synthesis are proposed in [17] to im-
prove precision and reduce design time. An 8-element
MIMO dual-band array suitable for 5G handheld compo-
nents is demonstrated in [18].

Although numerous studies on MIMO antennas have
been carried out in literature, still there is growing de-
mands for MIMO antenna with novel design techniques
to support advanced applications such as Wi-Fi 6E and
IoT Systems. In this article, a MIMO antenna having
plant-like geometry is designed, which resonates at 6.98
GHz covering 5.5 GHz to 7.3 GHz broad spectrum, with
excellent resonance, radiation and diversity metrics.
Compact size, good impedance matching, novel geome-
try, broad operating bandwidth, and superior MIMO di-
versity features are the prime novelties of this article.
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2. ANTENNA LAYOUT AND ARCHITECTURE

Fig. 1(a) illustrates the top view geometry of a two-
element MIMO antenna printed on a rectangular dielec-
tric substrate. The red region represents the substrate,
while the olive-colored patterns correspond to the metal-
lic radiating elements and feed structures. The overall
dimensions of the antenna are defined by W (width) and
L (length). Each antenna element consists of a compact
snowflake/star-shaped radiator formed by multiple arms
(labeled p, q, r, s, t, u, etc.), which increase the effective
electrical length and enable resonance at the desired op-
erating frequency within a compact physical size. The
narrow vertical strip at the center of each radiator acts
as the feed line that excites the antenna element. The
parameters x, y, j, and other marked lengths indicate
critical geometrical dimensions that control impedance
matching, resonant frequency, and bandwidth. The sep-
aration x denotes the center-to-center spacing between
two-antenna elements and plays a key role in mutual
coupling reduction and improving MIMO performance.

W >

(b)

Fig. 1 — Plant structured design (a) Upper view (b) Lower view

The bottom feed sections with width w represent the in-
put ports for Port-1 and Port-2 excitation. Overall, the
symmetric placement of the two radiators and careful
optimization of spacing and arm dimensions ensure good
isolation, compact size, and stable radiation characteris-
tics suitable for MIMO wireless applications. Fig. 1 (b)
represents the backside (ground plane) configuration of
designed structure. The total width and length of ground
plane are denoted by Wy and Lg. The ground plane is di-
vided into two sections such as the upper red portion and
the lower olive portion, indicating a partial or defected
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ground structure (DGS). The parameter g1 corresponds
to the height of the upper ground segment, while g2 rep-
resents the height of the lower ground segment. This
segmentation of the ground plane is intentionally intro-
duced to modify distribution of surface current and the
effective capacitance and inductance of antenna system.
By properly choosing g1 and gz, the impedance matching,
bandwidth, and isolation between MIMO elements can
be significantly improved. Such a partial ground plane
structure enhances radiation efficiency and helps in
achieving better control over radiator resonant charac-
teristics which is making it especially useful for MIMO
radiator designs where reduction in mutual coupling
and wideband performance is critical.
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Fig. 2 — Plant MIMO structured design (a) S-parameters (b)
VSWR

Fig. 2(a) shows S-parameters of simulated designed
MIMO system over frequency range 5-10 GHz. The solid
black curve represents S11 which indicates the input S11
and hence matching of impedance. A clear resonance is
observed around 6.98 GHz, here S11 goes below — 20 dB,
confirming good efficient radiation and impedance
matching at this operating region. Throughout most of
the band, Si1 is below — 10 dB, indicating acceptable
matching performance. The red dashed curve corre-
sponds to Se1, which represents the mutual coupling
among elements of radaitor. The values of S21 remain
well below — 20 dB across a wide portion of the band and
reach minima close to — 35 dB near frequency of reso-
nance. This demonstrates strong isolation within MIMO
system and effective suppression of inter-element inter-
ference. Fig. 2(b) illustrates variation of the VSWR re-
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lated to proposed radiator over 5-10 GHz range. VSWR
is an important parameter that indicates quality of
matching of impedance between radiator and the feed-
ing line of transmission. A lower VSWR signifies effi-
cient matching and more efficient power transfer. From
the plot, VSWR crosses minimum value around 6.98
GHz, where it is reaches to 1 which confirming excellent
matching of impedance at the resonant frequency. In
this region, the radaitor operates most efficiently with
the minimal reflected power. As the frequency moves
away from resonance, the VSWR increases, indicating a
gradual mismatch. A sharp rise in VSWR is observed
around 8 GHz, which corresponds to a stopband behav-
ior, possibly due to structural resonance or the presence
of notching characteristics.

(b)

Fig. 3 — Surface current distributions at 6.98 GHz when (a)
Port 1 excited (b) Port 2 excited

Fig. 3(a) shows distribution of surface currents re-
lated to 2-element MIMO radiator when 15t port is ex-
cited and other port is ended with matched load. The
color bar in dB indicates magnitude related to surface
current, where red and yellow indicate strong current
concentration, while green and blue correspond to mod-
erate and weak current levels, respectively. From the
plot, one can observe that a high current density is ma-
jorly confined to excited antenna element, particularly
along the feeding line and the edges of the radiator, con-
firming effective excitation and radiation. The non-ex-
cited element exhibits very weak current levels, mostly
shown in blue, which indicates minimal induced cur-
rents. This behavior demonstrates strong isolation be-
tween the two MIMO elements and effective suppression
of mutual coupling. Additionally, the distribution of cur-
rents along the arms of the radiator highlights their role
in increasing the electrical path length and supporting
resonance at the desired operating frequency. The lim-
ited current leakage toward the adjacent element vali-
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dates the efficiency of the antenna geometry and spacing
strategy in achieving good MIMO performance. Overall,
this figure confirms that the proposed design provides
strong confinement of surface currents, reduced inter-el-
ement interaction, and enhanced isolation characteris-
tics. Similarly, Fig. 3(b) depicts distribution of surface
current of two-element MIMO radaitor when excitation
is applied to the second port, while first port is ended
with matched load. The color scale in dB represents the
current intensity, where red and yellow indicate strong
surface currents, and green to blue indicate progressively
weaker currents.It is clearly observed that the right-side
antenna element (excited port) exhibits a strong concen-
tration of surface current, particularly around the feed
line and along the arms of the radiator. This confirms ef-
ficient excitation and proper radiation from the active el-
ement. In contrast, the left-side element shows very low
current levels, mainly in blue shades, indicating that only
negligible induced currents are present. This behavior
verifies excellent isolation between the two antenna ele-
ments, as very little electromagnetic energy is coupled
from the excited radiator to the adjacent one. The sym-
metric nature of the current distribution compared to the
previous case (when Port-1 was excited) also demon-
strates that both antenna elements operate equivalently
and independently. Table 1 shows structural dimensions
of the plant design are measured in mm. The radiation
patterns of the proposed MIMO antenna for both E- and
H-fields are plotted in Fig. 4, fulfilling the requirements
for intended applications.

Table 1 — All structural dimensions of plant structure are in mm

w L D q r s We Lg

45 20 4 4 4 4 45 20

g1 t u 92 v X J y

10 4 4 10 2 6.5 12 8
0 30 0 330

/.

20 270 90 ‘4‘ 270
120 240 12 240
150 18 210 15080 210
E-field H-field

Fig. 4 — Radiation characteristics of the proposed MIMO an-
tenna

3. MIMO METRICS INVESTIGATION

Various MIMO diversity metrics are utilized to assess
performance related to MIMO system under the condi-
tions of multipath propagation. The ECC evaluates extent
of decoupling among antenna ports in wireless communi-
cation systems, where a smaller ECC value indicates su-
perior port isolation and enhanced diversity characteris-
tics of the desighed MIMO radiator. In this study, the
ECC is calculated using equation (1) to verify for effective-
ness of designed configuration and obtained results re-
main within acceptable limits throughout the operating
frequency bands, confirming optimal antenna behavior.
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0.010

An additional ECC evaluation technique is also imple-
mented using equation (2). Fig. 5(a) presents the simu-
lated ECC characteristics. For effective diversity opera-

0.008 1 :
tion in MIMO systems, ECC value below 0.05 [18] and Q00064
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simulated ECC of the proposed antenna is observed to be

<0.0109, which clearly meets this criterion and validates == 0,004
its practical applicability. Moreover, DG is a crucial met-
ric which improves the signal-to-noise ratio in communi-
cation regions employing diversity schemes and is typi- ' \
cally expressed in decibels (dB). Fig. 5 (b) illustrates the ’ : :
frequency response of diversity gain, exhibiting values 5 6 7 8 9 10
close to 9.9999 dB around the resonant frequency region. Frequency (G Hz)

The computation of DG from ECC is performed using

equation (3) as reported in [9], which further verifies the (a)
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The TARC is another significant parameter in MIMO '
systems, defined as square-root ratio of power to total 5 6 7 8 9 10
incident power and reflected power. It considers the in- Frequency (G Hz)
fluence of random phase excitations at all ports while sim-
ultaneously accounting for coupling within antenna ele- (b)
ments. TARC is essential for evaluating the radiation ef-
ficiency and impedance bandwidth performance of MIMO
antennas under various excitation conditions. In this
work, TARC is calculated using the expression given in
equation (4) [12]. Fig. 5 (c) shows the frequency response
of TARC, where the values are below — 10 dB around band
of resonant which indicating satisfactory radiation char-
acteristics of proposed MIMO configuration.
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CCL is another key diversity metric used to analyze 5 6 7 8 9 10
the performance of MIMO antennas, as it reflects maxi- Freq uency (G HZ)
mum achievable reduction data transmission rate
caused by correlation and coupling effects. It represents (c)

the limitation in complete signal transfer across the
communication channel due to frequency-dependent
losses. For efficient MIMO operation, the acceptable
CCL value should be less than 0.15 bps/Hz [8]. The
mathematical expressions used to compute CCL are pro-
vided in equations (5)-(7). The evaluated CCL results are
depicted in Fig. 5(d), remaining below 0.25 bps/Hz over

all resonant frequency ranges. - I 1
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Fig. 5 — MIMO parameter (a) ECC (b) DG (c) TARC (d) CCL
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4. CONCLUSION

In conclusion, a compact plant-structured MIMO an-
tenna related to Wi-Fi 6E and IoT systems has been suc-
cessfully designed and analyzed. The radaitor is fabri-
cated on substrate related as FR-4 with 45 mm x 20 mm,
making it highly appropriate for miniaturized wireless
devices. The proposed structure exhibits stable reso-
nance at 6.98 GHz, effectively covering the upper C-band
required for Wi-Fi 6E and IoT systems. The achieved re-
flection coefficient of — 19.33 dB confirms good imped-
ance matching, while the measured mutual coupling of
—19.89 dB (S21) demonstrates strong isolation between
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IIpoexryBaunsa ta ontumisania MIMO-auTeHu 3 pOCIMHHOIO CTPYKTYPOIO AJIA MEePeaoBUX 0ea3-
nporosux cucrem Wi-Fi 6E
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IIpencrasieno kommakray MIMO-aHTeHy 3aBOICHKOT KOHCTPYKIIT, PO3PO0JIeHY JJIs CydyacHUX 0e3IpoTo-
BHUX 3aCTOCyBaHb, BKIouaoun cucreMu Wi-Fi 6E ta IoT. Koncrpyxiria peasizosana Ha migkaami 3 FR-4 3
MaauMu poamipamu 45 MM x 20 MM, 10 PoOMTH ii J00pe MPHUIATHOK JIS MIHIATIOPHUX 0e3OpPOTOBHUX IIPH-
cTpoiB. AHTeHa pesonye Ha vactori 6,98 I'T'y 3 IBW 1,8 I'T'1x (5,5-7,3 I'T'11), epeKTUBHO TTOKPUBAIOUY BEPXHIM
mianazon C s cucrem Wi-Fi 6E ta IoT. Orpumanmuit pesynsrat mogemoBanasa S11 — 19,33 nb migreepmxye
XOPOIILYy BiJIIOBIAHICTh XapaKTePUCTUK iMIenancy. Baaemunit 38’s130k Becepenuni exementie MIMO obmeske-
Huit 10 — 19,89 b (S21), mio memoncTpye ederTuBHY i30sis11i0. MiskenemenTHa BincTans 6,5 MM 30epiraerses
[IJIA TIOAAJIBINOI MIHIMI3AIlil eJeKTPOMAarHiTHOI B3aeMomil. BcebGiuHo mpoaHasizoBaHO BAKJINBI MOKASHUKI
mponykrusHocti MIMO, Taki six 3aranbauit Koedirient BigourTsa akrusHoro tumy (TARC), BrpaTu emuocti
rauamny (CCL), koedimienT migcuienss, nos'sa3aunii 3 pogaecenusm (DG), Ta koediiieHT KoOpesArii 06BiHOL
(ECCQC). Vci omineni nmapamerpu MIMO 3aiumaoTbesa B MesKaxX CTAHIAPTHUX JTOIMYCTUMUX 3HAYEHD, 110 ITiJIT-
BeP/EKYe HaINHY poboTy 6e31poToBoi cucremu. OTpuMaHi pe3yIbTaTy JEMOHCTPYIOTH Yy0BY HOBEIIHKY pO-
3HECeHHsI, MIHIMAJIbHY KOPEeJIAIII0 Ta MOKPAIIEHY IIPOIyCKHY 3JaTHICTh KaHay. Takum yuHoM, po3podiieHa
cuctema MIMO 3 mramHoB0-06/1aJHAHOI CTPYKTYPOIO CIIYIYE TIOTY;KHUM 3aC000M JJIsI KOMITAKTHOTO, e(DEeKTUB-
HOTO Ta HAMIHHOTO BUKOpHCTaHHs B cucreMax Wi-Fi 6E ta [urepuery peueii.

Knrouoeri ciosa: Arrena, Cucremu Wi-Fi 6E ta IoT, Brpatu ua Binburrsi, Brpatu npomycksoi 3gaTHOCTL

ranauy, Baaemunii 38’a30r, Cucrema MIMO.
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