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ABSTRACT: This paper proposes a dual-port Ultra-Wideband (UWB) Multiple-Input Multiple-Output (MIMO) antenna with triple notch
characteristics based on Coplanar Waveguide (CPW) feeding. The antenna achieves triple notch performance by introducing two L-
shaped and one inverted U-shaped electromagnetic band gap (EBG) structures on the back of the substrate and etching inverted U-shaped
grooves on the feed line, thereby suppressing interference from WiMAX, WLAN, and the C-band. Simulated and experimental results
show good agreement, verifying the feasibility of the proposed antenna. The results show that this antenna covers the entire UWB band
from 3.08 to 10.87 GHz, with a reflection coefficient of less than —10 dB, mutual coupling coefficient of less than —20 dB, envelope
correlation coefficient (ECC) of less than 0.0072, and diversity gain (DG) exceeding 9.9997 dB within the operating band. It meets the
requirements of high-performance MIMO systems for channel independence and transmission efficiency, and has potential applications

in modern UWB communication systems.

1. INTRODUCTION

Itra-Wideband (UWB) technology is highly valued for its

high information transmission rate, wide operating band-
width, and extremely low cost. Therefore, it is widely used
in 5G communication, short-range communication, position-
ing, tracking, and radar fields [1,2]. Common methods for
extending the bandwidth of traditional microstrip antennas in-
clude: thickening the dielectric substrate, using a multilayer
structure, changing the radiating patch, and employing loading
techniques. Among them, changing the radiating patch is the
most common and practical method, as it alters the antenna’s ra-
diation performance and characteristic impedance by changing
the patch’s shape. However, UWB antennas may be subject to
interference from various commonly used communication fre-
quency bands, such as WiIMAX, WLAN, and X-band used by
satellite communication [3]. To ensure the reliable operation of
existing wireless communication systems, it is crucial to sup-
press interference of these frequency bands on UWB antennas.
UWRB antennas with notch characteristics designed for this pur-
pose are a mainstream solution in the industry [4]. A notch
is a band that introduces a stopband in a specific frequency
range to impede signal transmission. This stopband is called
the notch band. Currently, traditional techniques for achieving
notch characteristics include adding parasitic elements to the
radiating element, feed line, or ground plane [5], electromag-
netic bandgap (EBG) [6], or etching different types of grooves
on the radiating patch or ground plane [7]. Coplanar waveg-
uide feeding is a commonly used feeding method for UWB
antennas. A traditional notch generation structure on UWB
antennas fed by coplanar waveguides (CPW) is on the front
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side of the substrate, but the back side is not effectively uti-
lized. For example, in [8], two notches were generated in the
WIMAX band (3.3-3.7 GHz) and the military/radar band (8.2—
8.6 GHz) by etching H-shaped and symmetrical U-shaped slots
on the radiating patch, respectively. In [9], dual-notch charac-
teristics were achieved in the WIMAX band (3.1-3.9 GHz) and
WLAN band (5.1-5.6 GHz) by etching symmetrical S-shaped
slots on ground planes on both sides and etching circular slots
on the radiating patch, respectively. It can be seen that most
notch structures are concentrated on the radiating patch or the
ground plane. At the same time, traditional UWB technology
still faces the challenge of multipath effects. To solve this prob-
lem, the industry has proposed Multiple-Input Multiple-Output
(MIMO) technology [10]. However, coupling between ports
seriously affects the performance of MIMO antennas. There-
fore, various decoupling measures are usually used to enhance
port isolation, thereby reducing the impact of inter-unit cou-
pling on antenna performance [11]. MIMO decoupling technol-
ogy achieves optimization via three aspects: innovative antenna
structure design to reconstruct the electromagnetic field distri-
bution at the physical level, introducing decoupling networks to
establish reverse coupling channels and achieve phase cancel-
lation, and applying advanced signal-processing algorithms to
perform coupling compensation in the digital domain. For ex-
ample, physical isolation [12], defective ground structures [13],
neutralization lines [14], and other methods are used to weaken
the mutual coupling effect [15]. Functions of UWB, MIMO
technologies are fully used in UWB MIMO antennas, further
improving channel capacity and communication rate, and re-
ducing the impact of multipath fading [16], making them highly
suitable for advanced scenarios, including self-diplexing de-
signs for biomedical applications [17-19].
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FIGURE 1. Geometry of the proposed UWB MIMO antenna: (a) top view, (b) bottom view, and (c) total view.

To address the underutilization of the backside of CPW-fed
antennas, this paper proposes a UWB MIMO antenna with
triple-notch characteristics based on CPW feeding. By com-
bining L- and inverted U-shaped EBG structures on the back of
the substrate with inverted U-shaped slots on the feed line, this
antenna successfully achieves precise notch suppression across
three different frequency bands: WiMAX, WLAN, and C-band.
Both simulated and experimental results demonstrate that this
antenna has excellent impedance matching performance, low
mutual coupling, good diversity performance, and notch char-
acteristics across the entire UWB frequency, providing a fea-
sible solution for various portable wireless applications. The
core contributions and key technical innovations of this work
can be summarized as follows:

(1) Unlike traditional UWB MIMO antennas that concentrate
the notch structure on the front side of the substrate, this method
(combining the EBG structure on the back side of the substrate
with feed slots) ensures that the notch is independent of the
patch and ground plane, which is the main difference between
it and previous UWB MIMO antennas. This design can achieve
notch effects in the 3.9 GHz, 5.8 GHz, and 7.4 GHz bands while
maintaining good impedance matching.

(2) This design moves the notch structure of a traditional
CPW-fed antenna to the back of the substrate, allowing notch
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structures to be loaded on both the front and back of the sub-
strate simultaneously, thus generating more notch bands on
the same substrate. It improves the antenna’s space utilization
while maintaining the independence and integrity of each notch
structure.

2. ANTENNA DESIGN PROCESS

2.1. Antenna Geometry

Fig. 1 show the antenna geometry. The antenna was printed
on an FR4 dielectric substrate with a relative permittivity of
4.4, loss tangent of 0.02, and overall dimensions of 60 mm x
30mm x 1.6 mm. This paper uses ANSYS HFSS 21 software
for simulation. As shown in Fig. 1(a), the substrate’s front side
uses a CPW feed, extending the current path through an im-
proved circular radiating patch and an F-shaped stub on the
left ground plane to achieve UWB characteristics. An inverted
U-shaped groove is also etched on the feed line to create a
notch. As shown in Fig. 1(b), the substrate’s back side uses
EBG unit structures, with an inverted U-shaped patch at the
center and two L-shaped patches below it. This structure con-
sists of patches and short-circuit vias located at the center and
end of the patches, thus generating two notches. Fig. 1(c) shows

Www.jpier.org



Progress In Electromagnetics Research C, Vol. 173, 121-133, 2026

PIER C

TABLE 1. Antenna parameter dimensions.

Parameters | Lo | L1 Ly | Lz | Lsa | Wo | Wi
Value (mm) | 30 6 4 32 1 76 60 14
Parameters | Wy | Wy | Wy | W5 | W | Wy | Ru
Value (mm) | 2.5 | 52 | 72 | 1.5 | 7.5 | 2.8 8

Parameters | Ry | Rs | Ra S St G | Gy
Value (mm) | 4.8 4 1.6 | 1.3 | 1.6 | 03 | 1.6

the final UWB MIMO antenna, and Table 1 summarizes final
optimized dimensional parameters.

Figure 2 shows that the antenna achieves good impedance
matching in the 3.08-10.87 GHz frequency band. Further-
more, it forms distinct notch bands in the 3.30-4.31 GHz, 4.82—
6.32 GHz, and 6.60-7.71 GHz frequency bands. Throughout
the operating frequency band, the antenna exhibits good isola-
tion performance, with a coupling coefficient S75 lower than
—20dB.
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FIGURE 2. Simulated S-parameters of the proposed triple-notched
MIMO antenna characteristics.

2.2. UWB Antenna Evolution

Fig. 3 shows the UWB antenna design process, and Fig. 4 shows
S11 curves for each stage. To clearly describe the antenna evo-
lution, the antennas at each stage were labeled as Antl to Ant3.
The characteristic impedance of the CPW feed used in this pa-
per is 50 ohms, which can be calculated using formulas (1) to

(4):

 30mK’ (k1)

w0 = ek (k) @
o Er — 1 K(kg)K’(le)

= X KK () @)
Wy [1-(Wy 4292 W

k1 = W+ 2s W2 w2 %)
B sinh(7W /4h)
~ sinh(m(W; + 25)/4h)
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“4)

y 1—sinh? (7 (W +25)/4h)/ sinh® (xW /4h)
1 — sinh?(7W; /4h)/ sinh? (mW /4h)

where h, W, W;, S, e,, and e, are the height and width of
the dielectric substrate, the width of the CPW feed line, the
distance between the feed line and the ground plane, and the
relative permittivity and effective permittivity of the dielectric
substrate, respectively, and K (k) and K’ (k) represent the first-
order elliptic complete integral function and the supplementary
function, respectively.

The above formula shows the relationship between the char-
acteristic impedance of the CPW feed and various parameters.
With a dielectric substrate width of 20 mm, only the feed line
width w and spacing s are undetermined. Therefore, when the
feed line width is 2.8 mm, the gap between the feed line and the
ground plane is 0.3 mm.

Antl comprises a circular radiating patch and rectangular
ground planes on both sides. The antenna’s radiating patch is
circular. The circular edge is smoother, and the surface cur-
rent distribution is relatively uniform. It does not cause surface
current accumulation due to abrupt changes in the edge struc-
ture. The simulation results show that its operating frequency
range is only 3.1-4.6 GHz, which means that the impedance-
matching effect is poor in most target frequency bands, far from
meeting the bandwidth requirements of UWB antennas. To im-
prove the impedance matching characteristics across the entire
frequency band, an F-shaped stub was added to the left ground
plane of Antl. This structure effectively extended the current
path and introduced a resonant point at 6 GHz, improving the
antenna’s impedance-matching characteristics. The bandwidth
of Ant2 extends to 3.5-4.41 GHz, 5.71-6.07 GHz, and 7.05—
9.43 GHz. To further extend the bandwidth, Ant3 adopts an im-
proved circular radiating patch and stepped feed structure. An
improved circular radiating patch was created by introducing
annular slots in the original circular radiating patch. This im-
proved patch extends the current path and enhances resonance
capability, thus improving the antenna’s impedance matching.
Furthermore, the upper part of the rectangular microstrip line
was adjusted to form a stepped feed structure, effectively low-
ering the cutoff frequency in the low-frequency band. The com-
bined effect of these two factors results in a new resonant point
and a wider bandwidth for the antenna. Its final operating fre-
quency band is 3.3—12 GHz, meeting requirements of a UWB
antenna.

Figures 5(a) and (b) show Ant2’s current distribution at
7.8 GHz and Ant3 at 8.3 GHz, respectively, to illustrate the con-
tribution of the resonant mode excitation of the center patch to
the overall impedance bandwidth. Ant3’s structural improve-
ments fundamentally change the current flow; introducing an
annular groove forces the current to propagate along the edges
of these new structures, effectively extending the current path
across the entire patch surface. Therefore, it shifts the high-
frequency resonant point from 7.8 GHz to 8.3 GHz, improves
impedance matching in the high-frequency band, and helps to
broaden the UWB’s operating bandwidth.

WWwWw.jpier.org



rPIER C

Lietal.

2R

FIGURE 3. The UWB antenna evolution: (a) Ant 1, (b) Ant 2, and (¢) Ant 3.
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FIGURE 4. Parameters of the monopole UWB antenna.

2.3. Notch Antenna Evolution

To suppress narrowband interference in the UWB, a multi-band
notch filter structure is designed. Fig. 6 shows the specific evo-
lution process, and Fig. 7 shows the corresponding S;; curves.
First, based on Ant3, two symmetrical L-shaped EBG struc-
tures were added to the back of the substrate. This structure
connects the patch to the ground plane through vias in the sub-
strate, forming a notch filter band of 3.3—4.31 GHz(center fre-
quency 3.9 GHz). Based on Ant4 design, an inverted U-shaped
EBG structure was added to the back of the improved circu-
lar radiating patch in the same manner, successfully forming a
notch filter band of 4.82—6.32 GHz (center frequency 5.8 GHz).
Finally, an inverted U-shaped groove was etched on Ant5’s
feed line, forming a notch filter band of 6.60—7.71 GHz (center
frequency 7.4 GHz). With the above design, the proposed an-
tenna achieves three-band notch filter performance. This sys-
tem can suppress interference from narrowband communica-
tion systems, including WiMAX, WLAN, and C-band, while
maintaining coverage of the UWB operating frequency band
from 3.2-12 GHz.

Figure 8 shows the antenna’s current vector distribution at
different notch-center frequencies. The current direction of the
patch intuitively reveals the design principle of notch charac-
teristics. Fig. 8(a) shows that at 3.9 GHz, the current is mainly
concentrated on ground planes on both sides of the feed line
and corresponding L-shaped patches below them. At this time,

124

the vector current flows along the upper and lower sides of the
cylindrical aperture, forming a mutually repulsive current field
in this region. This interaction of current fields effectively sup-
presses antenna radiation capability, resulting in a significant
notch band at approximately 3.9 GHz. Fig. 8(b) shows that at
5.8 GHz, similar to the formation of the first notch, the current
concentrates flowing through the copper pillars on the inverted
U-shaped patch, and then diffuses from the copper pillars to the
inverted U-shaped slot. This process forms a reverse electric
field, hindering the antenna’s radiation effect, and ultimately
leading to a notch band at 5.8 GHz. Fig. 8(c) shows that at
7.4 GHz, the current is mainly concentrated near the inverted-
U-shaped slot. After the current enters the feeder, most of it
propagates along both sides of the inverted U-shaped slot and
eventually converges at the gap between the two slots, forming
a locally circulating current. This circulating current confines
the current to the two arms of the inverted U-shaped structure,
resulting in almost no effective radiation near the 7.4 GHz band,
thus forming a notch band at 7.4 GHz.

2.4. Dual-Port MIMO Antenna Evolution

To improve the overall antenna signal performance and data
transmission efficiency, this section discusses the design
scheme and isolation performance of a two-port MIMO an-
tenna. Placing two antennas orthogonally enables the radiation
of orthogonally polarized waves or forming complementary
radiation patterns. It naturally leads to low correlation in
their far-field signals in multipath-rich environments, thus
achieving decoupling. Figs. 9(a)~(d) show four different
arrangement schemes designed to determine the optimal
position of the MIMO antenna. Fig. 10 shows the antenna’s
S11 and Sp2 curves at various positions. From the Sq5 curve in
Fig. 10(a), it can be seen that the isolation was at position.1,
below —20dB throughout the operating frequency band,
whereas the isolation at position.3 is only below —10dB.
Although the isolation at positions.2 and 4 is mostly below
—20dB, the S1; curve in Fig. 10(b) shows that position.1 has
better impedance-matching characteristics and notch-filtering
performance within the same frequency band. In summary,
position.1 has superior notch-filtering performance and better
isolation characteristics; therefore, Fig. 9(a) was selected as
the arrangement scheme for this two-port MIMO antenna.
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FIGURE 5. Surface current of the central patch, (a) Ant 2 at 7.8 GHz and (b) Ant 3 at 8.3 GHz.
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FIGURE 6. Band-notch antenna evolution process: (a) Ant 4, (b) Ant 5, and (c) Ant 6.
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FIGURE 7. Parameters of the band-notch antenna.

Figure 11 shows the current distribution of the MIMO an-
tenna in Fig. 9(a) at 3.2 GHz, 4.5 GHz, 6.5 GHz, and 8.0 GHz.
The overall antenna dimensions are 60 mm x 30 mm x 1.6 mm;
the operating frequency range is 3.08—10.87 GHz; and the port
isolation exceeds —20 dB. As can be seen in Figs. 11(a)—(d),
the current at different frequencies is mainly concentrated in
and around the feed line of the left antenna, whereas only a
weak current is generated in the right antenna. This indicates
that an orthogonal placement structure can reduce coupling be-
tween antennas, and this method can improve isolation without
adding an isolation structure to the antenna. In summary, this
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scheme enhances port isolation, thereby improving the overall
performance of the MIMO antenna.

Figure 12 shows the influence of various structural parame-
ters on antenna S-parameters. As can be seen from Fig. 12(a),
the antenna’s impedance matching deteriorates as feed line
width increases, while the notch bandwidth does not change
significantly. Fig. 12(b) shows that floor height has a signif-
icant impact on the antenna’s impedance matching and notch
bandwidth. When the floor height is too large, the antenna’s
matching performance in the mid-frequency band deteriorates
severely. In summary, a value of 2.9 mm for W; and 10 mm
for Ly are the optimal choice.

3. ANTENNA PERFORMANCE ANALYSIS

3.1. Antenna S-Parameter Analysis

Simulation data of the antenna shown in Fig. 13(a) were exper-
imentally verified using an N5230A vector network analyzer.
The radiation patterns were measured in an anechoic cham-
ber using a standard-gain horn antenna, with the measurement
setup shown in Fig. 13(b). Figs. 14(a) and (b) show S1; and S
parameters in the simulation and measurement, respectively.
Figure 14(a) shows that the measured and simulated S1; val-
ues are in good agreement. There are slight differences be-
tween the measured reflection coefficient curve and the actual
measurement. The first two notch curves have lower notch
depths and wider notch bandwidths. The measured results of
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FIGURE 8. Vector current diagram, (a) 3.9 GHz, (b) 5.8 GHz, and (c) 7.4 GHz.
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FIGURE 9. Various positioning for MIMO antenna development: (a) Position 1, (b) Position 2, (¢) Position 3, and (d) Position 4.

the third notch curve are basically consistent with the simula-
tion results. The measured antenna has a relative bandwidth
of 96.3% in the range of 3.71-10.6 GHz and exhibits triple-
notch characteristics at 4 GHz, 6.2 GHz, and 7.4 GHz. It can
be observed that there is a certain error between the measured
and simulated values. The small difference between measured
and simulated values arises from the SMA connector loss and
manufacturing tolerance. Fig. 14(b) shows the antenna’s isola-
tion performance, in which the measured antenna isolation dif-
fers from simulated one because the testing environment alters
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the coupling between MIMO antenna elements. Measured and
simulated antenna mutual coupling coefficients exceed —20 dB
throughout the entire operating frequency band, fully verifying
the antenna’s excellent port isolation performance.

3.2. Envelope Correlation Coefficient and Diversity Gain

The performance of the proposed MIMO antenna was evalu-
ated using the envelope correlation coefficient (ECC) and di-
versity gain (DG). Theoretically, a completely uncorrelated di-
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FIGURE 13. (a) The proposed antenna fabricated prototype and (b) measured results in a microwave anechoic chamber.
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FIGURE 14. Simulated and measured S-parameters of the proposed antenna: (a) S11 and (b) S12.

versity antenna should have an ECC value of zero; however,
in practical applications, the general standard requires an ECC
value of lower than 0.5. When the ECC value of the MIMO
system is significantly reduced, it ensures that each spatial data
stream undergoes independent fading. Ideally, a near-zero ECC
value indicates that the channel has high orthogonality, mean-
ing that each antenna operates in a different scattering envi-
ronment without significant interference. This decoupling phe-
nomenon is a fundamental prerequisite for fully using the po-
tential of spatial multiplexing and diversity gains. Therefore,
antenna arrays with good decoupling characteristics can di-
rectly improve the overall channel capacity, enhance link re-
liability, and effectively suppress mutual interference. The for-
mula for calculation using radiation parameters is as follows:

[ 47 [Fi(6, ) * F; (0, 9)] dQ|”
[ 4x | Fi(0,0)* d [[ 47 |F;(0,6)|* dS2

Pe = (5)

DG is a macroscopic theoretical metric that measures the
system resistance to signal attenuation. It represents a signif-
icant reduction in the fading margin or signal-to-noise ratio
(SNR) required for a given reference outage probability when
employing diversity combining techniques (such as maximum
ratio combining in multipath fading channels). In an ideal
MIMO system composed of completely uncorrelated antenna
elements, the maximum theoretical diversity gain achievable in
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a Rayleigh fading environment is 10dB. As the inter-antenna
correlation increases, the achievable diversity gain decreases
accordingly, directly affecting the reliability of the communi-
cation link. Theoretically, effective diversity gain is inversely
proportional to the system’s envelope correlation. DG can be
calculated using ECC, and the formula for calculating DG is as

follows:
DG =+/1—-ECC? (6)

As shown in Fig. 15, ECC and DG performance indicators
using S-parameters are less than 0.0072 dB and greater than
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FIGURE 15. ECC and DG.
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FIGURE 16. Antenna peak realized gain and radiation efficiency.

—=— Sim XOY
0 —e—Sim YOZ
(a) 107 —4— Mea XOY
0 —v— Mea YOZ
-109 300
220
230 1
-404270
2304
220
_104 240
0
10~
180
—=— Sim XOY
0 —e—Sim YOZ
(c) 107 330 30 —*—Mea XOY
04 —v— Mea YOZ
210
220
230 -
-40 - 90
230 1
2201
210 - 120
04
10~

180
FIGURE 18. 2D radiation patterns at (a) 3.2 GHz, (b) 4.5 GHz, (c) 6.5 GHz, and (d) 8.0 GHz.

9.9997 dB, respectively. The simulation results show that this
antenna element achieves ultra-low correlation and excellent
diversity characteristics, effectively avoiding mutual interfer-
ence during operation and significantly improving the signal
transmission efficiency.
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3.3. Antenna Gain and Efficiency Analysis

Figure 16 shows the antenna’s simulated efficiency and peak
realized gain, and Fig. 17 illustrates port 1’s measured and sim-
ulated peak gains. Port 2’s gain is almost identical to port 1’s.
As shown in Fig. 16 and Fig. 17, the antenna maintains a high
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radiation efficiency (over 80%) outside the notch band, and its
actual peak gain fluctuated stably between 2 dBi and —6 dBi
across the entire UWB. The gains at the center frequencies of
each notch band were —4.6 dBi, —11 dBi, and —3.5 dBi, cor-
responding to radiation efficiencies of 36%, 11%, and 23%,
respectively. This indicates that signals within the notch fre-
quency range can be effectively suppressed, further demon-
strating stable signal suppression performance within the notch
frequency range. Furthermore, the antenna maintained a high
gain and efficiency outside the notch region, indicating that the
antenna’s notch structure did not significantly affect overall ra-
diation characteristics in the UWB operating band.

3.4. Antenna Radiation Performance Analysis

Figure 18 illustrates two-dimensional radiation modes of
the proposed UWB MIMO antenna at four resonant points
(3.2 GHz, 4.5 GHz, 6.5 GHz, and 8.0 GHz). The results show
that at 3.2 GHz and 4.5 GHz, the antenna exhibits excellent
omnidirectional radiation characteristics in the H-plane and
forms a good bidirectional radiation mode in the E-plane. As
the operating frequency increases to 6.5 GHz and 8.0 GHz, the
radiation mode begins to show some distortion, but the antenna
still maintains good omnidirectional radiation performance
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FIGURE 19. Co- and cross-polarization modes at (a) 3.2 GHz, (b) 4.5 GHz, (¢) 6.5 GHz, and (d) 8.0 GHz.

at higher frequencies. Furthermore, the simulation results
at the test frequencies were in good agreement with the
measured data, verifying the design’s rationality. Overall,
this dual-port MIMO antenna maintained stable radiation
characteristics throughout the entire operating frequency
band, meeting practical application requirements of broadband
communication.

Figure 19 illustrates co-polarization (Co-Pol) and cross-
polarization (X-Pol) components in the XOY and YOZ
planes. As shown, in the low-frequency bands of 3.2 GHz
and 4.5 GHz, co-polarization consistently dominates, while
cross-polarization is significantly suppressed in almost all
observation directions, exhibiting excellent polarization purity.
As the frequency increases to 6.5 GHz and 8.0 GHz, slight
distortion and fluctuations appear in co-polarization, but
cross-polarization remains effectively controlled, well below
the co-polarization peak. Maintaining low cross-polarization
throughout the entire measurement band confirms that the
proposed antenna can effectively reduce polarization mismatch
loss, ensuring reliable, high-quality signal transmission in
practical UWB environments.

Figure 20 shows three-dimensional radiation patterns of
the proposed UWB MIMO antenna at corresponding resonant
frequencies (3.2 GHz, 4.5GHz, 6.5GHz, and 8.0 GHz). As
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FIGURE 20. 3D radiation patterns at (a) 3.2 GHz, (b) 4.5 GHz, (c) 6.5 GHz, and (d) 8.0 GHz.

TABLE 2. Comparison of the proposed antenna with several existing antennas.

Ref. | Size (mm?) | BW (GHz) | No. of notches | No. of ports | Isolation (dB) ECC Year
[20] 44 x 39 3.3-99 / / / / 2019
[21] 18 x 36 3-11 2 2 < =20 < 0.05 2020
[22] 30 x 30 2.5-10.8 2 2 < =20 < 0.004 | 2022
[23] 21.5 x 28 3.1-10.6 2 2 < —16 <0.3 2022
[24] | 35.9 x 35.9 3.2-10.8 3 4 < -19 < 0.49 2023
[25] 90 x 70 5.1-7 / / < =20 / 2023
[26] 39 x 18 3.1-12 2 2 < =20 < 0.18 2024
[27] 50 x 100 2-12 2 2 < —15 < 0.5 2024
This 60 x 30 3.08-10.87 3 2 < —20 < 0.0072 /

shown in Figs. 20(a) and (b), the antenna exhibits relatively
smooth and nearly omnidirectional spatial radiation character-
istics at lower frequencies (3.2 GHz and 4.5 GHz). As shown
in Figs. 20(c) and (d), as the operating frequency increases to
6.5 GHz and 8.0 GHz, slight splitting and distortion begin to
appear in three-dimensional radiation patterns, which is highly
consistent with changes in two-dimensional radiation patterns
observed in Fig. 18.

Table 2 compares the proposed antenna with other UWB
MIMO antennas featuring notch filtering. Analysis of the
antenna’s performance demonstrates that it not only provides
band-notch filtering but also exhibits high port isolation and
low envelope correlation coefficient. The proposed antenna
achieves balance among multi-band suppression, broadband
performance, and MIMO performance, making it suitable for
applications in modern UWB environments.
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4. CONCLUSION

This paper proposes and verifies a dual-port UWB MIMO an-
tenna with triple-notch characteristics based on CPW feed-
ing. The advantages and disadvantages of the proposed de-
sign scheme compared to the previously reported scheme: (1)
Through three EBG structures on the back of the substrate and
an inverted U-shaped slot on the feed line, this antenna achieves
triple-band notch characteristics in the WiMAX band (3.3—
4.31 GHz), WLAN band (4.82-6.32 GHz), and C-band (6.6—
7.71 GHz) within the 3.08-10.87 GHz range, achieving mutual
coupling coefficient below —20 dB without additional decou-
pling structures. (2) The antenna measures 60 mm x 30 mm X
1.6 mm. Compared to previous designs, this design occupies
a relatively large amount of physical space. The diameter and
location of the through-hole have a significant impact on the
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notch filtering effect. This can lead to significant discrepan-
cies between measured and simulated results. The center fre-
quency gains for each notch band were —4.6 dBi, —11 dBi, and
—3.5dBi, with radiation efficiencies of 36%, 11%, and 23%,
respectively. The antenna’s ECC and DG performance indi-
cators were less than 0.0072 dB and greater than 9.9997 dB,
respectively, representing good MIMO performance. Simula-
tion data and measurement results were in good agreement. In
summary, this antenna has a wide bandwidth coverage, multi-
notch characteristics, and excellent MIMO performance, and
can be used in modern UWB communication systems, portable
wireless mobile terminals and devices, 5G, and future high-
frequency wireless communication.
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