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Design and Realization of Dual Band Notch UWB MIMO Antenna
in 5G and Wi-Fi 6E by Using Hybrid Technique
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Abstract—In this paper, a novel design of a small printed Ultra-Wideband (UWB) Multi-Input Multi-
Output (MIMO) antenna with a wide impedance bandwidth from 3.05GHz to 11.65GHz is introduced.
The newly designed UWB MIMO antenna has an isolation enhancement of more than −15 dB between
the two elements. This isolation is achieved by inserting a three-line stub on the ground plane between
the two radiating elements. In addition, these parallel lines improve the impedance matching and the
bandwidth of this structure. Dual band notched characteristics are achieved for the 5G band (3.6GHz)
and Wi-fi 6E application (6GHz), by etching a complementary split ring resonator (CSRR) in both the
truncated square patch elements and by loading the split ring resonator (SRR) on the ground plane at the
back of antenna, respectively. The SRR and its complement are metamaterials structures, showing the
behavior of an LC resonator circuit. The hybrid technique improves impedance matching, bandwidth,
minimizes the mutual coupling in UWB frequency range, and delivers dual-notch characteristics. The
simulation and measurement results of the proposed antenna with a good agreement are presented.
The proposed structure exhibits high performances in terms of envelope correlation coefficient (ECC),
diversity gain (DG), efficiency, total active reflection coefficient (TARC), and channel capacity loss
(CCL) except the notched band.

1. INTRODUCTION

Today’s modern wireless communications sector is very demanding and requires both high data
transmission speed and good quality of service. For a wide range of applications, including short-range
radar, imaging systems, and broadband wireless applications, UWB is a very attractive technology
due to its low cost, low power level, and high data rate [1, 2]. However, besides all these positive
characteristics, UWB system is also affected by transmission problems such as multipath fading. The
integration of MIMO technique in UWB systems is seen as the key to increasing channel capacity and
reducing multipath fading without the need for additional power [3–6].

Increasing attention has been paid to the design of a compact UWB MIMO antenna suitable
for portable wireless devices. However, the placement of multiple antenna elements on the receiving
terminal in a limited space causes considerable problems such as mutual coupling between the adjacent
antenna elements [7]. Therefore, several recent techniques and procedures have been suggested in the
literature to overcome this limitation by maintaining the overall size of the MIMO such as the use of
parasitic elements between the antennas on both sides of the substrate which yields an insertion loss
lower than −20 dB in the operational frequency band [8], In Ref. [9], an arc-shaped Defected Ground
Structure (DGS) is embedded in the ground plane to reduce the mutual coupling effect between the
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feed lines, and the mutual coupling value can be suppressed up to a level of −37.5 dB in the band of
operation. Another approach to the insertion of the neutralization line is presented in [10], and this
technique improves the isolation between two symmetrical antennas by more than 25 dB. In addition,
a compact Uniplanar Electromagnetic Band Gap (UC-EBG) UWB MIMO antenna is reported in [11],
where the isolation is better than −18 dB over the complete impedance bandwidth.

However, the existence of several narrowband wireless networks, such as 5G with a center frequency
of 3.6GHz or Wi-Fi 6E with a center frequency of 6GHz, may cause significant interference in the FCC-
allocated UWB radio spectrum (3.1–10.6GHz). This problem can be solved by introducing band stop
filter circuits into UWB devices, but this increases the system cost and size [12]. Numerous UWB-
MIMO antenna designs with band notch behavior have been reported [13–16]. In [13], a U-shaped slot
is inserted on the surface of the antenna element to obstruct the current distribution at 5.5GHz. In [14],
the authors achieve dual band rejection-characteristics of Wi-MAX (3.5GHz) and WLAN (5.5GHz) by
loading two independent slits on each antenna element. In [15], a triple band rejection phenomenon
is achieved by etching rotated C-shaped slots on the patches and rectangular slots on the ground
planes. Another approach using metamaterial structures (ELC) was the main idea for the design of
a UWB antenna in [16] for making notches resonance. Depending on their topology, SRRs and their
complements exhibit the behavior of an LC resonator circuit and are modelled using Nicolson-Ross or
transmission/reflection techniques to extract permittivity and permeability [17]. The challenge is to
design a planar antenna with a compact size, multi-band rejection capability, and low mutuality.

In this paper, a CPW-fed 2×2 UWB MIMO antenna with a total area of (40mm×30mm) is
proposed to provide dual band notch characteristics in the operational frequency band from 3.05GHz
to 11.65GHz. The design process starts with designing a UWB MIMO antenna based on the classical
square patch. In the second step, a three-line stub is incorporated between the antenna elements to
improve impedance matching and reduce mutual coupling. Finally, to create dual-band notch rejection
at the 5G band (3.6GHz) and the Wi-fi 6E application (6GHz), a complementary split ring resonator
(CSRR) is etched on the truncated square planar monopoles while the split ring resonator (SRR) is
loaded on the ground plane at the back of each patch antenna, respectively. This paper proposes a
new design of a UWB MIMO antenna which is characterized by a simple structure and small size. The
configuration of the suggested antenna system is presented in detail in the following section.

All electromagnetic simulations and designs were carried out using CST Microwave Studio R⃝(CST
MWS) software, which is a specialized tool for 3D electromagnetic simulation of high frequency
components. CST MWS is based on the Finite Integration Technique (FIT) and allows a fast and
accurate analysis of high frequency (HF) devices such as antennas.

The benefits and novelties of the proposed dual notch band UWB MIMO antenna are briefly listed
as follows:

(i) Simplicity: The structure is very simple. It is conceived and fabricated on a thin Rogers substrate
with less losses. It minimizes the complexity of the system; then it can be easily installed in different
communication systems applications.

(ii) Miniaturization: The proposed structure delivers UWB performance with double notched bands
characteristics in a compact size of (40×30×0.64mm3) using the hybrid technique.

(iii) Good reflection coefficient: The reflection coefficient of the proposed antenna is less than −1 dB
in the whole, except for the notched band characteristic. The value of this coefficient ensures a
better impedance matching, and thus the radiation power is enough.

(iv) Low mutual coupling: A high isolation of more than −15 dB within the whole wide bandwidth
is achieved between the two elements. This isolation is obtained within a restricted space for a two-
port MIMO antenna array by using multi-parallel lines isolating element and spit ring resonator.

(v) Ultra-wideband: Ultra-wideband communication systems provide a very high bandwidth, which
covers the bandwidth requirement of multiples applications (Imaging applications and X band
RADAR. . .). In addition, UWB reduced fading from multipath and low power requirements.

(vi) Two band notch characteristics: The introduction of both CSRR & SRR resonators produces
dual-band notch characteristics. The presence of two stopbands eliminates the interference with 5G
(recognized internationally as a pioneer band for 5G services) from 3.30GHz to 3.80GHz and the
Wi-Fi 6E (That stands for Wi-Fi 6 extended into the 6GHz band) from 5.945GHz to 6.425GHz.
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(vii) Novelty: In this paper, a combination of a novel technique multi-parallel lines isolating element,
SRR, and CSRR was being carried out to enhance the isolation, impedance matching, bandwidth,
and to create two new frequency bands rejected mechanism, which are used to alleviate the
electromagnetic interference with two vital applications involving the next generation 5G and Wi-Fi
6E.

2. TWO-ELEMENT MIMO ANTENNAS DESIGN

The geometry of the proposed UWB MIMO antenna with two frequency rejection characteristics is
shown in Figure 1. The design process starts with the design of a CPW-fed MIMO UWB antenna
with two symmetrical truncated square patches and a modified partial ground plane to provide wide
frequency response. A three-line stub is incorporated into the upper ground plane in order to improve
the impedance matching, bandwidth, and isolation between the two antenna elements over the entire
bandwidth. In order to create dual-band notch rejection at the 5G band (3.6GHz) and the Wi-fi 6E
application (6GHz), a CSRR is etched on the patch elements while an SRR is loaded on the ground
plane at the back of each radiating element, respectively. The proposed structure was printed on a
Rogers RT6010 substrate with a thickness of 0.64mm, a dielectric constant εr of 10.2, and a tangent
loss (tan δ) of 0.0023. The designed UWB MIMO antenna features a compact size of 40×30mm2, and
the all-physical dimensions are given by Table 1.

(b)(a)

(c)

2 1

Figure 1. Proposed MIMO antenna: (a) Geometry of top view, (b) geometry of bottom view (c)
structure with waveport in CST.
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Table 1. The entire dimensions of the proposed UWB MIMO antenna.

Parameters W L W1 W2 W3 W4 W5 W6 L1 L2 L3 L4 L5 L6

Values (mm) 40 30 2.45 7.5 18.5 0.4 1 6 16.8 4 17.8 1 2 7

Parameters g g1 a a1 a2 b b1 b2 C1 C2 d S S1 h

Values (mm) 0.4 0.5 8.5 6.8 6 8.5 4.5 4.2 1 1.2 0.4 0.6 0.7 0.64

3. EVOLUTION DESIGN OF DOUBLE BAND NOTCH UWB MIMO ANTENNA

The design evolution steps of the proposed dual-band notched MIMO UWB antenna element are shown
in Figure 2. The design process starts with the conception of a wide band MIMO antenna based on
the classical truncated square patch and a modified partial ground plane (Figure 2 (Ant.0)). The
−10 dB impedance bandwidth of this configuration varies from 3.5 to 11.2GHz with low isolation on
the whole bandwidth. For the impedance matching, bandwidth, and isolation improvement, three-line
stubs have been loaded in the center of the upper part of the ground plane. The multi-parallel lines act
as a resonator to generate transmission zeros between the two antennas. The corresponding results are
shown in Figure 2 (Ant.1) and indicate that the −10 dB bandwidth reaches 3.16–11.4GHz. Moreover,
to reduce signal interference, two band notches are achieved at 3.6 and 6GHz in the UWB range by
inserting the CSRR on the radiator patch, while the SRR is loaded on ground plane at the back of the
antenna respectively (Figure 2 (Ant.2)).

Ant.0 Ant.1 Ant.2

Figure 2. Evolution design of the proposed UWB MIMO antenna.

It is clearly seen from Figure 3 (Ant.2) that the two resonators SRR and CSRR slightly affects
the impedance matching beyond the frequency of 7.5GHz but does not affect the performance of the
impedance bandwidth or the isolation other than two notched bands. In addition to that, both the
resonators improve the isolation more than −2 dB in the whole operating band.

4. RESULTS AND DISCUSSION

4.1. Current Distribution

In this section, the study of the current distribution has been added to highlight the importance of
using the metamaterials resonators for filtering selected frequency bands. On the one hand, the current
is mainly focused on the CSRR in the top layer and is very low in the rest of the structure for the
first rejected band at 3.6GHz, as shown in Figure 4(a). On the other hand, the current is mainly
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(b)(a)

Figure 3. S-parameters of three different antennas: (a) S11, (b) S21.

(a)

(b)

Figure 4. Simulated surface current distribution while feeding only Port 1 at (a) 3.6GHz (b) 6GHz.

concentrated over the SRR in the bottom layer for the second rejected band at 6GHz, as shown in
Figure 4(b). From this current distribution study, we notice the importance of the use of the resonators
(CSRR and SRR) in the rejection of the two undesirable bands.

4.2. Experimental Results

The presented dual band notched UWB MIMO antenna is fabricated, tested, and measured by using
Rohde and Schwarz ZVB 20 vector network analyzer. The fabricated prototype of this structure with
top and bottom views and its S-parameters are illustrated in Figures 5 and 6, respectively.

From Figure 6, the measured reflection coefficient has a wide impedance bandwidth from 3.45
to 10.83GHz with dual band notched characteristics. The center frequency of the two notch bands
reject interference due to the future fifth generation (5G) mobile networks, and the Wi-Fi 6E bands
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(b)(a)

Figure 5. Proposed double notch band UWB-MIMO antenna fabricated prototype (a) top view, (b)
bottom view.

(b)(a)

Figure 6. Measured and simulated S-parameters of the proposed double notch band UWB-MIMO
antenna.

are 3.65GHz (3.4–3.9GHz) and 5.92GHz (5.7–6.2GHz), respectively. The measured mutual coupling
is more than −13.5 dB at the entire frequency range. The measured and simulated results are in good
agreement. There is a little shift in the frequency range of the notched band due to minor fabrication
tolerances or unavoidable conductor loss in the usage of coaxial cables at the time of measurements.
Comparison of simulated and measured results is tabulated in Table 2 given below.

Table 2. Comparison of the simulated and measured results.

Operating Bandwidth (GHz)
Notched Bandwidth (GHz)

Isolation(dB)
Lower notch Higher notch

Simulated 3.05–11.65 3.5 6 −15

Measured 3.45- 10.83 3.65 5.92 −13.5

5. MIMO PERFORMANCE PARAMETERS

The performance of the proposed dual notched band MIMO antenna configuration in terms of ECC,
DG, efficiency, TARC, and CCL is discussed in detail in the following subsection.
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5.1. Envelope Correlation Coefficient and Diversity Gain

The ECC between the adjacent radiating elements ith and jth for N-port MIMO antenna system using
far-field patterns [16] is given by Equation (1):

ECC (i, j) =

(∮ (
XPREθi (Ω)E

∗
θj (Ω)Pθ (Ω) + Eϕi (Ω)E

∗
ϕj (Ω)Pϕ (Ω)

)
d (Ω)

)2

∮
(XPRGθi(Ω)Pθ(Ω)+Gϕi(Ω)Pϕ(Ω)) d(Ω) ·

∮
(XPRGθj (Ω)Pθ (Ω)+Gϕj (Ω)Pϕ (Ω)) d (Ω)

(1)
where XPR denotes the cross-polarization power ratio of the propagation environment. In the above
formula, Gθ (Ω) = Eθ (Ω)E

∗
θ (Ω) and Gϕ (Ω) = Eϕ (Ω)E

∗
ϕ (Ω) are the power patterns of θ and ϕ

polarizations, respectively. Pθ (Ω) and Pϕ (Ω) denote the angular density functions of the θ and ϕ
polarizations, respectively. Eθi (Ω) and Eθj (Ω) are the electric field patterns of the ith and jth antenna
elements in the θ polarization, respectively. Eϕi (Ω) and Eϕj (Ω) are the electric field patterns of the
ith and jth antenna elements in the ϕ polarization, respectively.

For uniform multipath environment, XPR = 1 and Pθ (Ω) = Pϕ (Ω) =
1
4π .

The ECC for two antennas can be approximated as follows [18]:

ECC =

(∮ (
Eθ1 (Ω)E

∗
θ2 (Ω) + Eϕ1 (Ω)E

∗
ϕ2 (Ω)

)
d (Ω)

)2

∮
(Gθ1 (Ω) +Gϕ1 (Ω)) d (Ω) ·

∮
(Gθ2 (Ω) +Gϕ2 (Ω)) d (Ω)

(2)

where E1 and E2 are the far-field radiation patterns, generated from ports 1 and 2, respectively. The
DG of proposed MIMO antenna [19, 20] is given by the following expression:

DG = 10

√
1− |ρ|2 (3)

where ρ is the complex cross correlation coefficient, and |ρ|2≈ECC.
The simulated and measured ECC and DG graphs are illustrated in Figure 7. The simulated

results in terms of ECC and DG are obtained from the radiation patterns, while the measured results
are obtained from the S-parameters.
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Figure 7. Diversity Performance: (a) ECC and (b) DG.

As can be seen from Figure 7(a), the ECC is less than 0.03 for the entire UWB radiating bands,
except at the two notched bands (3 to 4.4GHz and 5.5 to 6.5GHz), where the ECC increases to 0.35,
while the DG is greater than 9.75 dB except the notched band as depicted in Figure 7(b).
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5.2. Efficiency

The simulated radiation efficiency is about 15% in the first notch band and about 15% in the second
notch band as depicted in Figure 8. A high radiation efficiency above 67% advocates almost stable
performance of the proposed dual band notch UWB-MIMO antenna.

Figure 8. Efficiency of the proposed design.

5.3. Total Active Reflection Coefficient

For a two-port MIMO system, i = 1, j = 2, and N = 2, the TARC is calculated using the S-
parameters [19] by the following equation:

TARC =

√
|(S11 + S12ejθ)|2 + |(S22 + S21ejθ)|2

2
(4)

where θ is the Gaussian random input feed phase, and it ranges from 0 to π.
This parameter is less than −10 dB in the entire frequency range except the notch characteristics

in 5G and WiFi 6E bands as can be seen in Figure 9. The small difference between the simulated and
measured results is especially due to the effect of soldering the SMA connectors and the tolerance levels
during the fabrication process of the antenna.
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Figure 9. TARC of the proposed dual band notch MIMO antenna.
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5.4. Channel Capacity Total

The channel capacity loss is calculated numerically by Equations (5).

CCL = −log2det
(
ψR

)
(5)
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Figure 10. CCL of the proposed UWB MIMO antenna with dual band-notched characteristic.

(b)(a)

(d)(c)

Figure 11. The measured and simulated radiation patterns of the proposed antenna at frequencies:
(a) E-plane at 4GHz, (b) H-plane at 4GHz, (c) E-plane at 8GHz, (d) H-plane at 8GHz.
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ρii = 1 −
∣∣∣∣ M∑
n=1

S∗
in×Sni

∣∣∣∣ and ρij = −
M∑
n=1

S∗
in×Snj for ij = 1, 2 . . .M . ρii and ρij are the correlation

coefficients.
In general, the CCL value must be less than 0.4 bits/s/Hz [11] for the entire working range. As

shown in Figure 10, the CCL is very good, and its value is less than 0.4 bit/s/Hz in most of the operating
band, excluding the notched band at 3.6GHz and 6GHz in UWB range.

5.5. Radiation Patterns

The simulated and measured radiation characteristics of the presented antenna at 4GHz and 8GHz are
illustrated in the Figure 11. From this figure, the radiation patterns of the proposed antenna are almost
omnidirectional for the E and H planes to receive the signal from all directions. A good agreement is
observed with a little difference between the measured and simulated radiation patterns which is due
to the absence of an anechoic chamber.

6. PERFORMANCE COMPARISON

Table 3 summarizes the comparison of the proposed two-port MIMO antenna array with other existing
MIMO systems, including size, isolation between the antenna elements, ECC, operating bands, efficiency,
and DG. In this Table, it can be noted that the proposed dual band notch UWBMIMO antenna possesses
wide impedance bandwidth with smaller dimensions, followed by excellent ECC and DG values.

Table 3. Performance comparison between the proposed structure and other reported works.

Ref. N◦ Year
Number

of N◦
Size

(mm3

Isolatio

(dB)
EC

Bandwidth

(GHz)

Effic.

(%)

DG

(dB)

[21] 2018 2 30×41 < −20 < 0.1 2.2GHz to 11GH 80% —

[22] 2018 3 58×45 < −15 ≤ 0.5 3.1GHz to 11GH 80% —

[23] 2021 2 50×50 < −21 < 0.04 2.36GHz to12GH — 9.99

[24] 2020 2 32×46 < −20 < 0.5 3.1GHz to 16GH — —

[25] 2018 1 46×46 < −17 0.02 3.1GHz to 12GH 75% —

[26] 2015 2 40×40 < −15 0.5 — — —

[27] 2015 1 38.5×38.5 < −15 < 0.02 3.08GHz to 11.8GHz > 75 —

[28] 2014 0 40×40 — 3GHz to 11GH 100% 99

[29] 2021 2 40×40 −18 < 0.1 2.3GHz to 9.96GH — 8–9.5

[30] 2014 1 48×48 −15 < 0.005 2.5GHz to 12GH — —

[31] 2017 1 50×82 −15 < 0.04 2.2GHz to 13.3GH 60% —

P.S 2021 2 40×30 −15 0.02 3.05GHz to 11.65GH 58% 9.94

P.S= proposed structure, Effic.=Efficiency

7. CONCLUSION

In this paper, a compact dual band notch UWB MIMO antenna in 5G and Wi-Fi 6E is proposed. The
dual band-notched function is achieved by embedding a complementary split ring resonators (CSRR)
within the rectangular patch, and a split ring resonator (SRR) is loaded on the ground plane at the back
of each patch antenna. Simulated and measured results show that the proposed antenna has broadband
impedance bandwidth covering the whole UWB, dual band-notched function with good isolation between
two ports, stable radiation patterns, low envelope correlation and CCL<0.4 bits/s/Hz. These results
indicate that the developed antenna can be a good candidate for UWB MIMO systems.
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