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A MIMO Ultra-Wideband Antenna with High Isolation and Triple Notches
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ABSTRACT: This paper proposes a four-port ultra-wideband (UWB) MIMO antenna with high isolation and three notch bands. A cross-
shaped decoupling structure (CSDS) is synergistically integrated with an improved L-shaped ground plane to achieve high port isolation.
Composite resonant slots (CRSs) are introduced on the radiating patch, and two L-shaped slots are etched on the feed line to suppress
interferences from WiMAX (3.19 GHz), C-band (4.45 GHz), and X-band (7.95 GHz). Simulation and measurement results verify that
the Voltage Standing Wave Ratio (VSWR) at the center frequencies of the notched bands is greater than 6.8, 8.1, and 4.3, respectively. In
the operating frequency band of 2.7-12 GHz (excluding the notched bands), the isolation is > 24.3 dB, envelope correlation coefficient
(ECC) < 0.0045, diversity gain (DG) > 9.9990 dB, total active reflection coefficient (TARC) < —10dB, and channel capacity loss
(CCL) < 0.4bps/Hz. It fully meets the requirements of high-performance MIMO systems for channel independence and transmission
efficiency. Compared with similar studies, this work has significant advantages in core indicators such as bandwidth, number of notched
bands, and isolation, providing new ideas for the design of UWB-MIMO systems in complex electromagnetic environments.

1. INTRODUCTION

Itra-wideband (UWB) technology, as a short-range wire-

less communication solution, can achieve stable and high-
speed data transmission. It has the advantages of high data
rate, high-precision positioning, rapid transmission, and is ap-
plicable to biomedical imaging, sensor networks, and other
fields [1]. UWB has emerged as an important candidate tech-
nology in modern wireless communication systems. Although
the traditional UWB technology performs excellently in achiev-
ing high data rates and low costs, multipath propagation still
brings impacts that are difficult to avoid [2]. Combining UWB
wireless communication system with MIMO technology pro-
vides an effective way to solve this problem. By utilizing
multiple channels to transmit data in parallel, multiple-input
multiple-output (MIMO) technology can not only significantly
enhance the system capacity but also improve the communica-
tion quality through spatial diversity. It is an effective means
to mitigate the impact of multipath fading [3].

The Federal Communications Commission (FCC) of the
United States has designated the frequency band from 3.1 to
10.6 GHz as the commercial spectrum for UWB technology.
However, due to the wide spectrum range of UWB, there are
multiple interference frequency bands that overlap with those
of other systems. For example, the frequency band of 3.3 to
3.7GHz is used for WiMAX (IEEE 802.16); the band from
3.8 to 4.2 GHz corresponds to C-band satellite communication;
the range of 5.15 to 5.825 GHz is utilized for Wireless Local
Area Network (WLAN, such as IEEE 802.11a and HIPER-
LAN/2); the 7.25 to 7.75 GHz band belongs to X-band satel-
lite communication; and the 8.025 to 8.4 GHz band is the fre-
quency band specified by the International Telecommunication
Union (ITU). These frequency bands may cause interference
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to UWB wireless communication system [4]. Therefore, it is
of great significance to mitigate these interferences within the
UWB. In some applications, people usually suppress the in-
terference signals in a UWB system by integrating a filter at
the front end of the antenna. However, this method will in-
crease the complexity and cost of the system. For this rea-
son, designing a UWB-MIMO antenna with notch character-
istics becomes a more effective solution [5—7]. Ref. [8] de-
scribes, in detail, a crescent-shaped double-sided MIMO an-
tenna structure composed of four elements. This design ef-
fectively improves the isolation performance among antenna
ports by introducing the technologies of pattern diversity and
polarization diversity. The test results indicate that within the
operating bandwidth of 12.4 GHz, the inter-port isolation in
most frequency bands exceeds 20 dB. Ref. [9] adopts a CSDS,
achieving a high isolation of more than 19 dB. By etching two
C-shaped slots on each radiator, a notch antenna suitable for
the WLAN and X-band is realized. At the same time, an L-
shaped slot is introduced on the ground to achieve the function
of a notch antenna for WiMAX. Inspired by this research, the
MIMO system in this paper also introduces pattern and polar-
ization diversity strategies, and adopts a cross-shaped decou-
pling structure (CSDS), which effectively improves the isola-
tion between antennas, thereby reducing the signal interference.
It has achieved excellent results in the simulation verification,
further confirming the effectiveness of this approach in improv-
ing the performance of MIMO antennas. In [10-26], various
methods are employed to design notch characteristics, such as
introducing parasitic structures, closed-loop resonators, meta-
materials, slots, stubs, stub resonators, and loading filter struc-
tures, among others. Based on these technologies, researchers
have developed UWB-MIMO antennas with notch capabilities
for single band, dual bands, and triple bands. Although re-
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FIGURE 1. Dimensional parameters of proposed antenna. (a) Top-layer structure diagram; (b) Bottom-layer structure diagram; (c) Key dimensional

parameters of the antenna structure.

searchers have proposed various methods to achieve the band-
notch characteristics of antennas in recent years, these methods
are generally traditional. The notch structures are mostly de-
signed on radiating patches or ground planes, and it is rare to
introduce notch structures in feeder parts. To address this chal-
lenge, we propose a high-isolation UWB-MIMO notch antenna.
The designed antenna exhibits an isolation performance ex-
ceeding 24.3 dB, significantly enhancing system performance.
Within its UWB operating bandwidth, we introduce two dis-
tinct types of composite resonant slots (CRSs) etched on the
radiating patch and an L-shaped slot on the feeder, and the an-
tenna generates notches that effectively suppress three separate
frequency bands.

2. ANTENNA DESIGN PROCESS

2.1. Antenna Geometry

The design of the proposed antenna is composed of four or-
thogonally arranged improved circular metal radiating patches,
combined with an optimally designed L-shaped stub floor struc-
ture. Meanwhile, a CSDS is introduced to enhance port isola-
tion. This antenna is designed and implemented based on an
FR4 dielectric substrate with a relatively low cost, a relative
permittivity of 4.4, and a loss tangent of 0.02. The overall size
of the antenna is 90 x 90 x 1.2 mm?3. Figs. 1(a)—(c) respectively
show the top view, bottom view of the antenna, and its detailed
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FIGURE 2. Simulated S-parameters of proposed triple notched MIMO
antenna characteristics.

dimensional parameters, including the specific structural pa-
rameters of the etched slots. The final optimized dimensions of
the antenna are shown in Table 1. Fig. 2 presents the simulated
S-parameter results of this antenna. The simulation indicates
that the antenna exhibits good impedance matching perfor-
mance within the frequency band of 2.87—12 GHz and achieves
effective notch characteristics in three frequency bands, namely
2.95-3.41 GHz, 3.84-4.98 GHz, and 7.63-8.31 GHz. Through-
out the entire operating frequency band, the isolation between
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TABLE 1. Optimized dimension of antenna parameters.

Parameter L Ly Lo Ls Ly Ls Le Lo Lg

Size (mm) 90 15.3 15 3 225 25 1 25 345
Parameter Lo Lio Liin Li2 Lis L Lis L w

Size (mm) 445 7.07 25 1.82 49 56 01 025 90

Parameter W; W. Wiz W, W We Wy Ws Wy
Size (mm) 2 8 11 2 13.5 4 2.5 5 18

Parameter Wi, Wi Wi Wiz Wi Wis R Ry R3

Size (mm) 0.5 3 0.9 0.7 06 172 11 7 6.4
Parameter R4 Rs Rg Rq

Size(mm) 6.8 0.64 1.6 0.5

(b) (d)

FIGURE 3. Proposed single antenna evolution steps; (a) Antenna 1; (b) Antenna 2; (c) Antenna 3; (d) Antenna 4.

the antenna ports exceeds 24.3 dB, showcasing outstanding de-
coupling performance.

2.2. Proposed Single Antenna Evolution

Figure 3 shows the evolution process of the proposed monopole
antenna, and Fig. 4 presents the changes in S}, parameters of
the antenna during all the evolution stages. The initially de-
signed antenna named Antenna 1 consists of a simple circu-

T T
—=—antenna 1
—e—antenna 2
—+—antenna 3

S,,(dB)

725 1 L
2 3 4 5 6 7 8 9 10 11 12

Frequency(GHz)

FIGURE 4. Simulated S}, -parameters of Antennas 1-4.
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lar patch radiator with a radius of 11 mm and a partial ground
plane. It operates in the frequency bands of 2.7 GHz to 4.2 GHz
and 9.9 GHz to 11.2 GHz, but the reflection coefficient of this
design fails to cover the entire UWB range. To improve
impedance matching and expand the operating frequency, the
original circular shape was cut, and an arc was added. This
modification is equivalent to adding a capacitor, enhancing the
antenna’s impedance matching capability. Thus, Antenna 2
was formed. To further optimize the performance, an L-shaped
stub was introduced on the ground plane, thereby generating
Antenna 3. Due to the addition of the stub, the radiation pat-
tern of the antenna changed as shown in Fig. 5. Building on
this change, the ground plane structure was further modified to
yield Antenna 4. Eventually, the antenna’s operating frequency
band was extended to 2.87 GHz to 12 GHz, meeting the appli-
cation requirements of UWB and partial X-band. As observed
from Fig. 5, without the inclusion of the L-shaped stub, the ra-
diation pattern is symmetrically distributed along both sides of
the feeder direction, with part of the radiation concentrated near
the outer edge of the antenna. This would lead to increased cou-
pling between antennas in multi-input scenarios, affecting the
isolation performance. After the L-shaped stub is added, the
radiation near the antenna edges is reduced. This modification
not only causes the radiation to contract inward more, enhanc-
ing the directivity of the antenna, but also helps reduce mu-
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FIGURE 5. Single antenna 3-D radiation pattern; (a) Antenna 2; (b) Antenna 3; (c) Antenna 4.
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FIGURE 6. Influence of the CSDS on the antenna’s S-parameters; (a) Without CSDS; (b) With CSDS; (¢) S11 parameter of the antenna; (d) Isolation

parameter of the antenna.

tual coupling between antennas in future MIMO applications,
thereby improving the overall system performance.

2.3. Proposed Four-Port MIMO Antenna Evolution

To further enhance the antenna’s performance in terms of re-
liability, signal quality, and data transmission rate, this section
will discuss the evolution process of a four-port MIMO antenna,
as shown in Figs. 6(a) and 6(b). Arranging Antenna 4 in an
orthogonal manner formed the initial four-port antenna named
MIMO 1, achieving a bandwidth of 3.12 GHz to 12 GHz with
an isolation degree exceeding 20.9 dB between ports.
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To further improve the isolation, a CSDS was introduced
and connected to the ground plane based on MIMO 1, form-
ing MIMO 2. This modification improved the isolation to over
24.3 dB. As distinctly illustrated in Fig. 6(c), the variations in
S11 parameters of MIMO 1 and MIMO 2 are evident when
comparing the scenarios before and after the introduction of
the CSDS structure. Fig. 6(d) shows the S-parameters 512 and
S13 of MIMO 1 and MIMO 2, corresponding to the isolation
between adjacent ports and diagonal ports, respectively. After
the CSDS was added, a slight increase in isolation between ad-
jacent ports was observed, while the isolation between diagonal
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FIGURE 7. Vector current diagrams on the back of the antenna; (a) 3.7 GHz without CSDS; (b) 3.7 GHz with CSDS; (c¢) 5.6 GHz without CSDS; (d)

5.6 GHz with CSDS.

(a) (b)

©

Notched bands 1 Notched bands 2 Notched bands 3
(d) 0 T T . . . . . . . (e) 45 T T T T T T T T T
—=— Notched Bands 1
—— 40 | 1
sk Notched Bands 2 i —e— Without loss
Notched Bands 3 35 —O—Wim loss tangent=0.02)|
-10 |
30
a5
)
~
Zn
|
-25F

35 1 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11 12

Frequency(GHz)

Frequency (GHz)

FIGURE 8. (a) Notched bands 1; (b) Notched bands 2; (c¢) Notched bands 3; (d) S11 parameters; (¢) VSWR.

ports was significantly enhanced in the 3.7 GHz and approxi-
mately 5.6 GHz frequency bands.

Fig. 7 compares the vector current distribution diagrams at
the frequency points of 3.7 GHz and 5.6 GHz with and without
CSDS. As clearly shown in the figure, when CSDS is not used,
strong induced currents are generated on other ground planes;
after adopting this decoupling structure, these induced currents
are significantly reduced. This is because the CSDS introduces
new coupling paths. Near 3.5 GHz, vector currents flow to each
ground plane through the cross-shaped structure, partially can-
celing the original coupling effect. At 5.6 GHz, currents flow
from each ground plane into the cross-shaped structure via con-
nection lines, achieving a current-shunting effect. Overall, this
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design reduces current coupling and enhances the isolation be-
tween ports, thereby effectively improving the performance of
the entire MIMO system.

2.4. Notch Structure Design

To effectively suppress narrowband interference within
the UWB frequency band, this subsection designs a multi-
frequency notch structure. By introducing two different types
of CRS on the radiation patch and an L-shaped slot on the
feeder line, the control over three-band notch characteristics is
achieved. The specific design steps are shown in Figs. 8(a)—(c),
and the S;; parameters during the evolution process are shown
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FIGURE 9. S-parameters for dimension variations; (a) Rs; (b) Re; (¢) L13s.

in Fig. 8(d). First, two circular regions with a radius of R5 and
one rectangular region with a length of W15 and width of L5
are removed from each radiation patch. This configuration
creates the first notch at the 2.95-3.41 GHz band (centered at
3.19 GHz). Next, two circular regions with a radius of Rg and
an arc-shaped structure with a width of R, are further removed
from each patch, creating a second notch in the 3.84-4.98 GHz
band (centered at 4.45GHz). Finally, two L-shaped slots
are introduced in the feeder line to excite a third notched
frequency band, ranging from 7.63 GHz to 8.31 GHz (with a
center frequency of 7.95 GHz). The introduction of slots in the
feeder line distorts the local current distribution of the antenna,
leading to fluctuations in other notched frequency bands.
Nevertheless, these fluctuations remain within an acceptable
range overall.

Among them, the dimensions of L-shaped slots can be accu-
rately calculated through relevant formulas to achieve the re-
quired frequency suppression characteristics.

Cc

LSlOt = 2—
fnotch\/(s,«Jrl)/Z

(M

where Ly is the total length of the L-shaped slot, and its unit
is millimeters; c is the speed of light in vacuum, and its unit is
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m/s; footen 18 the center frequency of the notch, and its unit is
Hz; e, is the dielectric constant of the substrate (1).

Voltage standing wave ratio (VSWR) is a critical indicator
reflecting the impedance matching degree in radio frequency
(RF) circuits. In the lossless case: The VSWR values near
3.2 GHz, 4.2 GHz, and 7.9 GHz are 20.9, 29.6, and 40.9, respec-
tively. When the loss tangent is 0.02, Fig. 8(e) shows that the
corresponding VSWR values near these frequencies decrease
to 6.8, 8.1, and 4.3, respectively. The notch antenna achieves
suppression of specific frequency signals by generating high
VSWR at the designed notch center frequencies. In the loss-
less scenario, the notch function is well realized. However, in
practical applications, the presence of losses degrades the notch
effect to some extent, though it still suppresses the correspond-
ing frequency signals to a certain degree.

Figure 9 investigates the influence of different geometric pa-
rameters of the proposed antenna on the notch characteristics.
Parameter optimization for each notched element is performed
individually by changing only one parameter while keeping all
other design factors constant. From the comparison of the three
curves, it can be observed that as 5 increases, the correspond-
ing notch band shifts from a relatively higher frequency to a
lower frequency, while the bandwidth of the notch remains un-
changed. Similarly, by changing the size of Ry, the notch range
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FIGURE 10. (a) Antenna impedance; (b) Equivalent circuit diagram of the 3-notch UWB antenna.

shifts from lower frequencies to higher frequencies. Addition-
ally, as L3 is adjusted, the range of the notch band remains
unchanged, but the center frequency of the notch decreases.
From this, it can be concluded that using the designed method,
the notch band can be easily realized and controlled to meet
practical requirements simply by adjusting the dimensions of
the notch elements. It is also worth noting that changing the
parameters of the notch elements only affects the notch band,
while the return loss in the remaining UWB frequency bands
remains essentially unchanged.

3. ANTENNA PERFORMANCE ANALYSIS

3.1. Equivalent Circuit Analysis

Figure 10(a) illustrates the real and imaginary components of
the antenna impedance. As depicted, near 3.2 GHz, 4.2 GHz,
and 7.9 GHz, the real components of the input impedance ex-
hibit sharp peaks, signifying abnormally high impedance val-
ues. This anomaly induces antenna impedance mismatch, dras-
tically reducing the current fed into the feeder at these three
frequencies. Consequently, the antenna fails to radiate effi-
ciently, instead forming band-stop characteristics that produce
the notching effect. Fig. 10(b) illustrates the equivalent circuit
of the proposed antenna, where the notch structures are respec-
tively modeled as three LC parallel resonant circuits in the cir-
cuit. The approximate values of inductance L and capacitance
C can be calculated using the following formulas:

Qi = g @)
e

G = o ®
o

RCEA @

where @ is the quality factor, 7 the resonator serial number, f
the center frequency of the notch, and BW the bandwidth of the
notch band. The specific data are shown in Table 2.
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TABLE 2. Parameters of the RLC resonant circuit.

fi(GHz) BW;(GHz) Q: R; () Ci(pF) L. (pH)
32 0.46 691 5099 142.09  17.65
4.2 1.14 387 378.03 277 5.03
7.9 0.68 1162 629 0349 116

3.2. Antenna Current Analysis

The current distribution across the antenna surface provides an
intuitive representation of the operational state of each struc-
tural component at specific frequencies. By examining the den-
sity or sparsity of current flow, the impact of structural geome-
tries on current transmission paths can be analyzed. Fig. 11
illustrates the current vector distribution at Port 1 under excita-
tion at different notch center frequencies. The current orienta-
tions on the patch corroborate the design rationale of achieving
notching characteristics through the introduction of slots. At
3.4 GHz, the current primarily concentrates near the slots con-
necting the two circular and rectangular structures. The vec-
tor currents flow in opposite directions along both sides of the
slots, creating mutually repulsive current fields in this region.
This phenomenon suppresses effective radiation, forming a dis-
tinct notching characteristic near this frequency. At 4.2 GHz,
the current concentrates around the slots formed by circular and
arc-shaped structures. Vector currents flow from the midpoint
of the arc toward both sides and are repelled by the currents
on the two sides, preventing significant radiation from being
generated. When being excited at 7.9 GHz, the current primar-
ily concentrates near the two L-shaped slots on the feeder. As
indicated by the vector current distribution, after flowing into
the feeder, most of the current propagates along both sides of
the L-shaped slots and eventually converges at the gap between
the two slots, forming a local circulating current. This traps
the current within the area enclosed by the L-shaped structure,
resulting in almost no effective radiation near 7.9 GHz.

Figure 12 further demonstrates a comparative visualization
of current distributions at the frequency points of 3.4 GHz,
42 GHz, and 7.9 GHz. It is evident that the current con-
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(a) (b)

(c) ?

FIGURE 11. Vector current diagram (a) 3.4 GHz; (b) 4.2 GHz; (¢) 7.9 GHz.

FIGURE 12. Current distribution diagram (a) 3.4 GHz; (b) 4.2 GHz; (c) 7.9 GHz.

centrations occur at the following locations: CRS (3.4 GHz),
CRS (4.2 GHz), and the L-shaped slot on the feeder (7.9 GHz).
These observations confirm the effective responsiveness of the
three target frequency bands within the UWB spectrum to their
respective slot structures and the resultant radiation suppres-
sion, thereby validating the functionality and reliability of the
designed notching structures.

3.3. Envelope Correlation Coefficient and Diversity Gain

Envelope correlation coefficient (ECC) is a critical perfor-
mance metric used to measure the degree of correlation between
wireless communication channels. In MIMO systems, ECC is
widely used to quantify the statistical independence of chan-
nels between antenna elements. The lower the ECC value is,
the weaker the correlation is between antennas. When ECC
approaches 0, it indicates that there is almost no correlation be-
tween antennas, meaning that the system exhibits high signal
independence and excellent diversity gain. In this case, the sig-
nals received or transmitted by each antenna are statistically
independent in their characteristics, with their signal fades also
being uncorrelated. It enables the MIMO technology to fully
exploit its advantages, effectively enhancing the system’s com-
munication capacity and transmission reliability while mini-
mizing interference and bit error rate. ECC can be calculated
using the following formula based on S-parameters:

|Sii * Sij + Sji * Sy

ECC = (1 P —512]') (1 — 18, _ngj)

)
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Diversity gain (DG) is used to characterize the diversity or-
der of spatial channels. It enables the receiver to achieve a more
stable signal-to-noise ratio (SNR), thereby making signal recep-
tion more reliable. It should be emphasized that the presence
of multipath effects serves as a prerequisite for the realization
of DG. Once deprived of the assistance of multipath effects, di-
versity gain cannot exhibit its unique advantages. Therefore,
diversity gain is not only the evidence of improved signal sta-
bility but also a full demonstration of the MIMO system’s ca-
pability to effectively suppress multipath effects.

We can calculate the DG using ECC, and the following equa-
tion expresses the relationship between the two.
1 — ECC?

DG = 10 (6)

As shown in Fig. 13, across the antenna’s operating fre-
quency band, ECC values remain consistently below 0.0045,
while the DG of the antenna exceeds 9.9990 dB throughout the
same band, fully meeting the design requirements. Combined
with the simulation results, it can be seen that the proposed an-
tenna elements exhibit very low correlation and excellent di-
versity performance, ensuring that the antennas do not inter-
fere with each other during operation and achieve higher trans-
mission efficiency, making them suitable for high-performance
MIMO communication systems.

3.4. Total Active Reflection Coefficient and Channel Capacity
Loss

For MIMO antenna systems, since S-parameters cannot fully
predict real-world scenarios, it is necessary to calculate the to-
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FIGURE 13. (a) ECC; (b) DG.
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FIGURE 14. TARC and CCL.

tal active reflection coefficient (TARC) of the antenna. TARC
can be computed using the following formula based on S-
parameters:

4 4 jOn—1 2
Dim [Sit + 20 g Sin€?
2

TARC = 7

Channel capacity loss (CCL) is also a critical parameter in
MIMO antennas. Generally, a CCL value below 0.4 bps/Hz
meets the design requirements for MIMO antennas. CCL is
expressed as

CCL = —log, det || (8)
P11 Pin

Pt = : : C)
Pmi1 Pmn

The calculation results, as shown in Fig. 14, indicate that
for the UWB-MIMO antenna, except in the notched fre-
quency bands, the TRAC is less than —10 dB and CCL below
0.4 bps/Hz. This further demonstrates that the antenna exhibits
very low coupling, ensuring channel independence during

99

0.9

0.8

0.7

0.6

0.5

0.4

PeakGain(dB)
SGhEbLbio—~nwwsuaoaa

Radiation Efficiency

0.3

(—=— PeakGain
-8 . : —— Radiation Efficiency| J () |

Frequency(GHz)

FIGURE 15. Antenna peak gain and radiation efficiency.

FIGURE 16. Measured results in microwave anechoic chamber.

signal reception and transmission without mutual interference,
thereby enhancing the system capacity.

3.5. Radiation Performance Analysis of the Antenna

Figure 15 shows the peak radiation gain and radiation efficiency
of the 4-port MIMO antenna. The gain ranges from 1 to 6.05 dB
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FIGURE 17. 2D radiation patterns (a) 2.9 GHz; (b) 3.6 GHz; (c) 5.6 GHz; (d) 7.8 GHz; (e) 8.7 GHz.

(excluding the notched portion), and the radiation efficiency
ranges from 70% to 92%. The gains at the center positions
of the notches are —4.35 dB, —5.89 dB, and —0.34 dB, respec-
tively, with radiation efficiencies of 36%, 27%, and 21%. This
indicates that signals within this frequency range can be effec-
tively suppressed, further demonstrating the stability of signal
suppression in the notched frequency bands.

Figure 16 shows the radiation patterns of the UWB-MIMO
antenna in the YOZ and XOZ planes measured in a mi-
crowave anechoic chamber.

As can be seen from Fig. 17, in the low-frequency bands
(2.9 GHz, 3.6 GHz), the radiation characteristics of the XOZ
plane and YO Z plane are relatively similar, both showing no
obvious directional radiation capability and relatively uniform
overall radiation. As the frequency increases, due to the pres-
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ence of inverted L-shaped stubs and CSDS, the radiation char-
acteristics change, and a directional radiation trend gradually
emerges. At 8.7 GHz, the difference in radiation characteris-
tics between the E-plane and H-plane reaches its maximum:
the XOZ plane exhibits strong directional radiation capability,
while the YO Z plane has weak radiation at certain angles. This
difference enables the antenna to adapt to application scenarios
with different directional and radiation intensity requirements
at different frequencies, providing a reference for antenna se-
lection and layout in practical applications.

Furthermore, the antenna performance proposed in this pa-
per is evaluated by juxtaposing it with the findings of previous
research, and the results are presented in Table 3. A thorough
comparison of the performance of each antenna shown in the
table has been carried out. It is found that this antenna not only
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TABLE 3. Comparison of the proposed antenna with several existing antennas.

Ref. Size (mm?) BW No. of notches No. of Ports Isolation (dB) ECC
[13] 60 x 41 3.1-10.6 0 4 < —20 <0.1
[15] 41 x 41 3.1-10.8 2 4 < —15 < 0.2
[17] 22 x 36 3.1-11 1 2 < —15 <0.1
[18] 38.5x 385 3.08-11.8 1 2 < —15 < 0.1
[19] 44 x 44 2.95-10.8 1 4 < —15.5 < 0.08
[20] 39 x 39 2.3-13.75 2 4 < =22 < 0.02
[21] 34 x 34 2.5-12 3 4 < —15 < 0.05
[24] 26 x 26 2.9-11.6 2 2 < —16 < 0.02
[25] 44 x 48 3-12 3 4 < =20 < 0.16
[26] 35 x 35 2.96-11.25 2 4 < —17 < 0.012
Proposed 90 x 90 2.87-12 3 4 < 24.3 < 0.0045

maintains a high level of isolation but also exhibits superior
ECC and features three notch frequency bands. It is also worth
noting that while ensuring the aforementioned excellent per-
formance, the antenna’s overall size of 90 x 90 mm? involves
a trade-off in terms of miniaturization for portable application
scenarios. This size may restrict its integration into compact de-
vices such as wearable electronics or small-sized wireless ter-
minals. The current dimension is a result of balancing multiple
performance indicators; arbitrarily reducing the size could lead
to performance degradation, such as narrowed operating band-
width, weakened isolation between ports, or distorted notch
characteristics. However, to enhance practical applicability in
portable applications, future work can explore strategies to mit-
igate this trade-off, such as optimizing the layout of the decou-
pling structure to reduce redundant space, adopting multi-layer
substrates for vertical component integration, or exploring new
materials with higher dielectric constants to shrink the physical
size while maintaining electrical performance. These efforts
will further bridge the gap between the antenna’s excellent per-
formance and its adaptability to portable scenarios.

4. CONCLUSION

This paper designs and verifies a four-port UWB MIMO an-
tenna with high isolation and three notched-band characteris-
tics. By integrating a CSDS and an improved L-shaped ground
plane design, the antenna achieves port isolation > 25dB,
ECC < 0.0045, and DG > 9.9990 dB within the operating fre-
quency band of 2.7-12 GHz. This design significantly reduces
the coupling effect between multiple antennas, providing excel-
lent channel independence for high-density MIMO systems and
meeting high-reliability requirements for signal parallel trans-
mission in complex electromagnetic environments. The intro-
duction of CRS on the radiating patch and L-shaped slots on the
feed line successfully suppresses interferences from WiMAX
(3.19 GHz), C-band satellite communications (4.45 GHz), and
X-band radar (7.95GHz). This design addresses the anti-
jamming challenges of traditional UWB antennas in multi-band
coexisting scenarios and expands their application scope. The
antenna’s operating bandwidth covers 2.7-12 GHz, compatible
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with existing UWB standards (3.1-10.6 GHz) and extending to
the X-band (below 12 GHz), providing hardware support for
future high-frequency communications (such as 6G millimeter
waves). Meanwhile, the design based on a low-cost FR4 sub-
strate (dielectric constant 4.4) balances performance and mass-
production economy, making it suitable for industrial-scale de-
ployment.
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