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Abstract 

This research presents the design of a compact dual-port ultrawideband multiple input multiple output (UWB MIMO) antenna. 
The primary challenge in designing UWB MIMO antennas is achieving operation at the low-frequency band of 3.1 GHz while 
maintaining a small size. By modifying the patch shape to a tapered configuration, incorporating an inset feed, and adding a slit for 
the wireless local area network (WLAN) notch band, a rectangular monopole patch antenna successfully overcomes these 
limitations. The MIMO configuration of this antenna achieves a wide UWB bandwidth of 3.1 – 12 GHz with compact dimensions 
of 20 × 28.5 × 1.6 mm. The antenna exhibits excellent characteristics, including low mutual coupling (-15 dB), maximum gain of 
3 dBi, low envelope correlation coefficient (ECC<0.01), high diversity gain (<9.95), low total active reflection coefficient 
(TARC < -20 dB), and nearly omnidirectional radiation pattern. These results demonstrate the suitability of the proposed antenna 
design for UWB applications. 
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I. INTRODUCTION 

Research on ultrawideband (UWB) and multiple 
input multiple output (MIMO) holds significant 
importance in advancing wireless communication 
systems. UWB enables fast and accurate short-range data 
transfer, while MIMO enhances spectrum efficiency and 
system reliability through spatial diversity. The 
integration of UWB and MIMO yields synergies, 
delivering superior performance and innovative solutions 
for high-speed wireless communication and high 
spectrum efficiency. These advancements have a positive 
impact, especially in applications requiring high-speed, 
accurate, and reliable wireless data transfer. 

Antennas play a pivotal role in UWB MIMO 
systems. By investigating innovative antenna designs and 
configurations, such as the monopole patch antenna, we 
can enhance the overall performance of UWB MIMO 
systems, contributing to improved spectral efficiency, 
reduced interference, and enhanced communication 
capabilities. The monopole patch antenna [1] – [5], a 
popular choice for UWB systems, consists of a planar 
radiating element and a partial ground plane, resulting in 
a compact and simple design with an omnidirectional 
radiation pattern. 

Interference in the UWB frequency range from 
technologies such as worldwide interoperability for 
microwave access (WiMAX) and wireless local area 
network (WLAN) arises due to overlapping frequency 
bands. WiMAX and WLAN operate within the UWB 
spectrum, causing interference that can degrade UWB 
signal quality. To mitigate this, band-notched UWB 
antennas are employed, selectively filtering out 
frequencies associated with WiMAX and WLAN to 
ensure improved coexistence and minimal interference in 
UWB communication systems. Various techniques, such 
as stubs [6], [7], slots [8], [9], slits [10], split ring 
resonators (SRR) [11], open-loop resonators [12], and 
electromagnetic band gaps [13], are employed to achieve 
band notching in antennas. Each method contributes to 
customizing the antenna's frequency response for 
specific applications. 

A UWB MIMO antenna utilizing a UWB monopole 
design integrates multiple UWB monopole antennas 
within the system [14] – [23]. Mutual coupling, or the 
electromagnetic interaction between adjacent antennas, 
is a critical consideration in integrating multiple 
monopole antennas for MIMO. Managing mutual 
coupling is essential to minimize interference, ensuring 
each antenna's independence for optimal signal 
transmission and reception in UWB MIMO systems. This 
can be achieved by configuring antenna elements 
orthogonally [17] – [24], complementarily [25] – [30], or 
incorporating decoupling structures [17] – [19], [24], 
[31], [32]. 

The miniaturization of UWB MIMO antennas is 
essential to meet the demands of increasingly compact 
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mobile devices. However, reducing antenna size presents 
significant challenges in designing antennas that can 
effectively cover the low-frequency band of UWB 
(3.1 – 10.6 GHz) while minimizing mutual coupling 
between antenna elements. A typical 2 × 2 MIMO system 
requires two antennas each at the transmitter and 
receiver. Numerous designs of two-element UWB 
MIMO antennas with various geometries have been 
proposed. Table 1 provides a comparative overview of 
several reported designs, illustrating the trade-offs 
between antenna size and performance. The physical 
dimensions of an antenna directly affect its performance. 
Larger antennas generally offer better coverage of the 
low-frequency band and reduced mutual coupling. 

Unfortunately, miniaturization often leads to a trade-
off, resulting in degraded low-frequency performance 
and increased mutual coupling due to the reduced 
dimensions and closer proximity of antenna elements.  

This paper presents a compact two-port UWB 
MIMO antenna design. The antenna successfully 
operates in the typical low-frequency range of UWB 
through the combination of two patch elements and low 
mutual coupling. The antenna design is fabricated on a 
20 × 28.5 × 1.6 mm flame-retardant 4 (FR-4) substrate 
with a dielectric constant of 4.4, and the antenna features 
extremely compact patch elements measuring 
3.8 × 8.42 mm and a port-to-port spacing of 16.9 mm. A 
tapered patch with an inset feed is utilized to enhance 
impedance matching across the wide frequency band. 
Furthermore, a C-shaped slot is incorporated into the 
patch to mitigate performance in the WLAN band. 
Simulation and measurement results validate the 
proposed antenna's suitability for UWB MIMO 
applications. 

II. ANTENNA DESIGN 

A. Antenna Structure 
The antenna structure in this paper, as illustrated in 

Figure 1, consists of two rectangular-shaped monopole 
elements with a tapered lower side and a common 
ground. Both of these antenna elements have identical 
dimensions. The complete dimensions of the antenna are 
20 × 28.5 mm, which is equivalent to a wavelength of 
0.2λo × 0.28λo. λo represents the wavelength in free space 
at the initial resonance frequency of 
approximately 3.0 GHz. Nevertheless, the primary 
objective of this antenna research is to achieve a 

minimum operating frequency of 3.1 GHz while 
maintaining a compact size. The initial stages of antenna 
design involve carefully selecting antenna geometry and 
parameters to meet the specific required operating 
frequency. In pursuit of a miniaturized UWB antenna 
design, a monopole structure is chosen, and the estimated 
lowest frequency range of the selected monopole can be 
determined according to the formula by [33], as written 
in (1). 

 
                 𝑓𝑟 = ଵସ.ସ௟భା௟మା௚ା ಲభమഏ√ചೝశభ ା ಲమ మഏ√ചೝశభ (1) 

 
A1 indicates the ground plane region, while A2 represents 
the combined ground plane and radiation patch region. 
Similarly, l1 represents the ground plane length and l2 
represents the radiator monopole length. The gap 
between the ground area and the radiator is denoted by g. 
All dimensions (A1, A2, l1, l2, and g) are in millimeters. 

The monopole patch is configured in a rectangular 
shape with dimensions l × j, and subsequently extended 
to incorporate a tapered lower side with a length of m. 
The connection of the monopole antenna is established 
on the lower side of the monopole patch using a 
microstrip line with dimensions l × k. To improve 
impedance matching at lower frequencies, an inset feed 
is introduced at the junction of the monopole patch and 
microstrip line. A C-shaped slot is also cut onto the patch 
to create a notched band at WLAN frequencies. The 
optimized design of the proposed antenna is shown in 
Table 2. The UWB MIMO antenna is built on an FR4 

 
TABLE 1 

TWO-PORT UWB MIMO ANTENNA COMPARISON 
Reference 

# 
Overall Size 
(mm × mm) 

Port distance Radiator 
size 

S11 Isolation 
(dB) 

Band Notched 
(GHz) 

Gain 
(dBi) 

efficiency ECC 

[34] 21 × 30 22 r = 22 2.14 – 11.4 ‒ 20 - 6.5 55% - 88% 0.25
[35] 35 × 50 48 r = 9.1 3 – 11 ‒ 25 - 3 80% 0.004
[36] 29 × 50 20 16 × 50 2.4 – 11 ‒ 20 - 2.5 60% 0.04
[37] 120 × 60 56 16 × 50 1 – 4.5 ‒ 12.5 - 3.98 92.5% 0.19
[24] 22 × 31 11 7.34 × 8 2.9 – 12 ‒ 15 - 2.31 - 0.3
[17] 18 × 34 19.3 55 × 7.35 2.9 – 20 ‒ 22 5.1 – 5.8 & 6.7 – 71  7 85% 0.01
[18] 50 × 30 18 15 × 15 2.5 – 14 ‒ 20 - 4.3 - 0.04
[19] 30 × 40 17 11.2 × 12 3.1 – 10.6 - 3.4 – 3.7 & 5.15 – 5.35 4 80% -
[31] 22 × 36 20  8 × 8 3.1 – 11 ‒ 15 1.15 – 5.18 4 80% 0.1
[38] 35 × 35 28 7.5 × 9 2 – 12 ‒20 5.15 – 5.825 - - 0.3
[21] 32 × 32 20 7 × 8 3.1 – 10.6 ‒15 4.2 60% 0.02

This Work 20 × 28.5 17.7 7.5 × 3 3.1 – 12 ‒15 5.3 – 6 3 80% 0.04

 

 
Figure 1. The shape of the designed UWB MIMO antenna. 
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substrate that is 0.8 millimeters thick, has a relative 
permittivity of 4.4, and a loss tangent of 0.02. 

The evolution of UWB antenna geometry 
modifications for achieving the UWB band 
(3.1 – 10.6 GHz as defined by the FCC) is depicted in 
Figure 2, with corresponding changes in S11 parameters 
shown in Figure 3. Each stage progressively refines the 
antenna design. Step 1 utilizes a patch monopole and 
partial ground plane, resulting in a broad bandwidth 
(5.96 GHz – 9.28 GHz) but falling short of the full UWB 
range. Step 2 introduces an inset feed to improve 
performance, increasing bandwidth to 4 GHz 
(5.96 GHz – 9.96 GHz) and significantly enhancing 
impedance matching (minimum reflection of -22 dB at 
7.3 GHz), as shown in Figure 3. Step 3 tapers the lower 
side of the patch, further expanding the bandwidth 
beyond 12 GHz (evident in Figure 3, where the S11 curve 
dips below -10 dB from 5.8 GHz onwards). The antenna 
progressively approaches the desired UWB bandwidth 
requirements through these iterative modifications. Step 
4 involves integrating a rectangular slot into the ground 
plane. This slot has dimensions of g3 × g4 mm. This 
modification enhances impedance bandwidth at higher 
frequencies, extending up to 14 GHz (not depicted in 
Figure 3 for visual consistency, as it is limited to 
12 GHz). To achieve a more consistent impedance 
bandwidth for UWB, a flipped L-shaped stub is 
introduced to the ground as in Step 5. The outcome is a 
stable S11 curve below -10 dB, although further 
adjustments are still necessary for lower frequencies. 

In order to suppress WLAN interference, a slot in C 
form is added to the patch monopole as illustrated in Step 
5. By adding this component, the UWB antenna can now 
operate at 3.1 GHz and effectively blocks WLAN signals 
between 5.3 and 6 GHz. However, performance in the 
3.4 ‒ 4.8 GHz range still requires enhancement. 

Finally, the antennas in Step 6 are combined to form 
an antenna in MIMO configuration. The antenna meets 
the lower frequency requirement of 3.1 GHz and exhibits 

a notched band at frequencies 5.3 – 6 GHz (WLAN). 
Excellent isolation between antenna elements is 
achieved, as illustrated in Figure 4, where S12 is below 
-20 dB across all of the UWB working frequencies. 

B. Influence of the Decoupling Structure 
The proposed antenna boasts improved impedance 

matching and enhanced isolation thanks to the 
decoupling structure, leading to significantly enhanced 
performance. Figure 5 depicts the sequential progression 
in refining the ground plane design as the decoupling 
structure for the antenna. For identical UWB MIMO 
antenna elements, the value of S11 will be similar to S22, 
and S12 will be similar to S21. Therefore, only S11 and S12 
are shown in Figure 5. Figure 5(a) shows the formation 
of a MIMO antenna by combining UWB antenna 
elements with a partial ground area. The antenna exhibits 
poor performance because it does not reach low 
frequencies, and the isolation among its elements is poor. 
Figure 5(a) shows that S11 for ground without connection. 
It has a lower frequency of 5.1 GHz (S11 < −10), while 
UWB requires 3.1 GHz. The S12 parameter curves in 
Figure 5(a) show insufficient isolation between the 
antennas, which exceeds the intended threshold of 
-20 dB. 

Connecting the two partial ground planes in Figure 
5(b) significantly enhances antenna-to-antenna isolation 
in the 4 – 5 GHz range, exceeding the desired -20 dB 
threshold. However, isolation falls short in the 2 – 4 GHz 
and 6 – 12 GHz ranges. Adding vertical microstrip lines, 
as depicted in Figure 5(c), further improves isolation 
above – 10 dB within the 4 – 12 GHz range. Adding a 

 

 
Figure 2. UWB antenna step design. 

 
TABLE 2 

DIMENSIONS OF THE DESIGNED UWB MIMO ANTENNA 
Parameters a B C D e F g 
Unit (mm) 20 28.5 5.02 16.9 6 4.8 3.8
Parameters h I J K l M n 
Unit (mm) 5.35 5.85 7 4 0.76 1.42 0.75
Parameters o g1 g2 g3 g4 g5 g6 
Unit (mm) 0.5 7 3 1 2 4.37 3.37
Parameters g7 g8 g9 g10 g11 
Unit (mm) 13 15.5 5 6 1

 

 

Figure 3. S11 of geometry step. 

Figure 4. UWB MIMO antenna. 
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horizontal strip to the existing structure, forming an 
inverted-L pattern, significantly enhances isolation. With 
this new configuration, we successfully achieved an 
optimal low frequency of up to 3.1 GHz, fulfilling the 
requirements for UWB applications (Figure 5(d)). These 
features lower the resonance and cutoff frequencies to 
3.4 GHz and 3.1 GHz, respectively, and suppress 
coupling throughout the 3.1 – 12 GHz band, achieving an 
isolation below -22 dB, meeting the required isolation 
threshold for optimal MIMO performance. 

Figure 6 demonstrates the effectiveness of 
decoupling structures in enhancing isolation between 
antenna elements. Without L-stubs (Figure 6(a)), when 
one port is excited and the other is terminated, current 
still flows through the terminated port. Adding an I-stub 
(Figure 6(b)) reduces the surface current at the terminated 
port but does not completely eliminate it, leading to 
insufficient isolation. By employing a reverse L-stub 
instead (Figure 6(c)), isolation improves significantly to 
more than -20 dB across the entire 3.1 – 12 GHz band, 
except for the WLAN band. 

C. Influence of C-Slot 
The notched band WLAN characteristic of the 

proposed UWB MIMO antenna was obtained using C-
slots on each antenna element. The C-slots caused a 
mismatch condition between the feed line and the 
antenna element at the 5.3 – 6 GHz band, so the notched 
band characteristic is obtained. The influence of the C-
slot can also be seen by displaying the surface current 
vector at a frequency of 5.7 GHz to obtain a WLAN band 
rejector. Figure 7 clearly shows the surface current 
pattern, with a high concentration around the C-slot. The 
currents in the two arms have opposite phases and thus 
cancel each other, contributing to the band rejection 
characteristic. Therefore, the radiation from the current 

in one arm of the C-slot is canceled by the current in the 
other arm, resulting in minimal radiation at the 5.8 GHz 
WLAN band. This contributes to the high return loss, 
indicating efficient cancellation of unwanted radiation 
and the effectiveness of the designed antenna in 
providing a band-cancelation characteristic at the WLAN 
frequency. 

III. RESULT AND DISCUSSION 
The final UWB MIMO antenna design is printed on 

a FR-4 substrate with a dielectric constant (εr) of 4.4 and 
a loss tangent (tanδ) of 0.025, with dimensions of 
20 × 28.5 × 1.6 mm, as depicted in Figure 8. The 
Keysight E5071C Vector Network Analyzer has been 
utilized to evaluate predicted and measured findings for 
the designed antenna, focusing on return loss, radiation 
pattern, MIMO diversity, and gain. This verification is 
critical to ensure the accuracy and efficacy of the antenna 
design, as well as validate its performance prior to 
practical implementation. 

Figure 9 shows a comparison between simulation 
and measurement results for S11 and S12. The 
measurements correlate well with the simulated results. 

Figure 5. Development of the ground plane geometry. 

Figure 6. Current distribution of ground evolution. 

 
Figure 7. Current distribution of C-slot. 

 

 
Figure 8. Antenna realization. 

 

Figure 9. Predicted and measured reflection coefficients. 
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The S11 value is less than -10 dB for 3.1 GHz to over 
12 GHz. A frequency band notch is created in the 
5.3 – 6 GHz frequency band, which is suitable for 
avoiding interference from WLAN. S12 is below -20 dB 
for frequencies of 5.5 – 10.1 GHz but exceeds -15 dB in 
the 3 – 5.5 GHz. Furthermore, the S12 parameter reveals 
excellent isolation properties within the 5.5 – 10.1 GHz 
band; however, it exhibits a decline in isolation within 
the 3 – 5.5 GHz range. Nevertheless, it is still sufficient 
for MIMO systems where S11 is below -10 dB, and S12 is 
below -15 dB.  

The antenna gain realization is shown in Figure 10. 
The gain varies between 0 and 3 dBi across the UWB 
band. In the 5.3 – 6 GHz cancellation band, the antenna 
gain drops sharply to -4 dB, demonstrating the antenna's 

ability to suppress the notch band frequency. The 
simulation results closely match the measurements. 
Figure 11 compares the predicted and measured antenna 
patterns at 3.1, 5, and 10 GHz in the E-plane and H-plane. 
The antenna exhibits a near-omnidirectional radiation 
pattern across the UWB operating band, although there 
are slight differences between the predicted and 
measured results. 

IV. MIMO PERFORMANCE 
UWB MIMO antenna performance is evaluated 

using several parameters. The envelope correlation 
coefficient (ECC) measures the correlation between the 
signals received by the MIMO antenna elements. ECC is 
a metric that indicates the degree of independence 
between the fading channels experienced by different 
antennas. A low ECC value is desirable, indicating 
independent fading across the elements, which 
maximizes spatial diversity gain. Conversely, a high 
ECC value indicates a strong signal correlation, which 
can degrade system performance. ECC is given 
mathematically by [33], as described in (2). 

  
 𝐸𝐶𝐶 = |ௌభభ∗ ௌభమାௌమభ∗ ௌమమ|൫ଵିሺ|ௌభభ|మା|ௌమభ|మሻ൯൫ଵିሺ|ௌమమ|మା|ௌభమ|మሻ൯ (2) 

 
Ideally, for an uncorrelated diversity antenna, the ECC 
should be zero. However, realistically, values below 0.5 
are deemed satisfactory. Our proposed UWB 
MIMO/diversity antenna demonstrates exceptionally low 
ECC, as evidenced in Figure 12 by both simulated and 
measured curves. Notably, the calculated ECC based on 
S-parameters for this design is remarkably low at less 
than 0.01. Diversity gain (DG) measures the 
improvement in signal-to-noise ratio (SNR) achieved by 
using a MIMO antenna system compared to a single 
antenna. High diversity gain indicates significant 
performance improvement in multipath environments. 
To calculate the DG of the designed UWB MIMO 
antenna, we use the formula by [15], as written in (3). 
 
 𝐷𝐺 = 10√1 − 𝐸𝐶𝐶. (3) 
 
As presented in Figure 13, the proposed antenna has an 
impressively low ECC (<0.01) and a significantly high 
DG (>9.95 dB), both calculated using S-parameters, 
demonstrating its exceptional antenna performance. 
Total active reflection coefficient (TARC) measures the 
amount of signal reflection from the antenna back to the 
transmitter. A low TARC value indicates high antenna 
efficiency, while a high TARC value indicates significant 
power loss due to reflection. For the 2 × 2 MIMO system, 
the TARC formula follows [26], as described in (4). 
 

 Г௔௧ = ඨቆቀหௌభభାௌభమ௘ೕഇหమቁାቀหௌమమାௌమభ௘ೕഇหమቁቇଶ  (4) 
 
 
Minimizing TARC is critical for maximizing the 
isolation of MIMO antennas. As illustrated in Figure 13, 
both measured and simulated TARC values below -20 dB 

 

Figure 10. The gain realization of the proposed antenna. 

 

  
(a) 

 
(b) 

 
(c) 

Figure 11. Radiation pattern performance of proposed antenna at 
(a) 3.1 GHz, (b) 5 GHz, and (c) 10 GHz. (left side = E-plane, right 

size = H-plane).  
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across the entire operational band exceeded the desired 
performance benchmarks for MIMO systems. 

Table 2 showcases the extent of size reduction 
achieved by our proposed antenna compared to similar 
designs from recent literature. The comparison highlights 
notable miniaturization in terms of both physical 
dimensions and performance characteristics. 

V. CONCLUSION 
A compact MIMO UWB antenna with dimensions 

of 20 × 28.5 × 1.6 mm has been successfully designed 
and fabricated. The antenna exhibits a wide operating 
bandwidth from 3.1 to 12 GHz, with isolation better than 
-20 dB across most of the band and exceeding -15 dB in 
the lower frequency (3.1 – 4.8 GHz). The antenna also 
effectively suppresses WLAN interference in the 
5.3 – 6 GHz band. The maximum gain achieved is 3 dBi, 
while the ECC < 0.01. The diversity gain is as high as 
9.95, and the TARC is below -20 dB. Furthermore, the 
antenna exhibits a nearly omnidirectional radiation 
pattern, ensuring reliable coverage in various 
environments. Based on these comprehensive 
performance metrics, the proposed antenna emerges as a 
promising candidate for integration into portable UWB 
communication devices. 
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