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A Compact Dual Band-Notched MIMO Diversity Antenna for UWB
Wireless Applications
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Abstract—In this paper, a compact ultra-wideband (UWB) multiple-input multiple-output (MIMO)
spatial diversity antenna with dual band-notches designed on an FR4 substrate is proposed and
experimentally investigated. The antenna consists of two radiating elements fed by two tapered
microstrip lines. Two inverted L-shaped slits are used to introduce notches at WLAN (5.15–5.85 GHz)
and IEEE INSAT/Super-Extended C-band (6.7–7.1 GHz). An isolation of more than 15 dB is achieved
through the whole working band (2.9–10.8 GHz) by introducing a T-shaped decoupling structure on
the ground plane. Furthermore, the envelope correlation coeﬃcient (ECC), diversity gain (DG),
multiplexing eﬃciency, TARC, peak gain and radiation patterns of the MIMO antenna are also discussed.
The simulated and measured results show that the proposed UWB MIMO antenna is a good candidate
for UWB diversity applications.

1. INTRODUCTION
Ultra-wideband (UWB) technologies, due to their advantages, such as low cost and high data rate, play
an important role in modern wireless communications [1]. Nevertheless, multipath fading and channel
fading will cause instability of UWB technology. To solve this problem, multiple-input-multiple-output
(MIMO) technology has been proposed. By utilizing multiple directional beams to obtain independent
signals, which use diﬀerent radiation patterns to improve multipath fading problem and co-channel
interference [2], MIMO is a key technology for UWB wireless communication systems.
In recent years, terminal devices tend to be miniaturized, and therefore serious mutual coupling
will occur between antenna elements and other electronic components. Multifarious methods have been
researched to decouple the radiating elements in UWB MIMO systems. In [3], in order to reduce the
mutual coupling at lower frequency, two bent slots are etched into the ground plane. The antenna
elements are placed perpendicularly in [4] and [5] to reduce mutual coupling in low frequency. Diﬀerent
parasitic structures were investigated to improve isolation in [6–9]. A compact printed UWB MIMO
antenna with high isolation is presented in [10], which is obtained by adding slots and separating main
radiation directions of two antenna elements, but the impedance bandwidth is not as wide as UWB
requirements.
Another problem of MIMO antennas is the electromagnetic interference in the UWB, which was
proclaimed permission from 3.1 GHz to 10.6 GHz for UWB communications in 2002. To deal with this
problem, researchers have developed a great number of antennas. In [11], a half-wavelength resonant
stub is embedded in the stepped-shaped slot to obtain a notched band, and the length of the stub
is determined by the center frequency of the band. Two kinds of compact MIMO antenna with high
isolation are presented for UWB applications in [12] and [13], where the notched band of 5.5 GHz is
realized by etching a pair of L-shaped slits and an SRR. By etching an open slot and an SRR in the
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Table 1. Comparison between the proposed antenna and the designs reported previously.

(mm2 )

Reference

Size

[4]
[6]
[8]
[9]
[11]
[12]
[13]
[14]
[17]
proposed

32 × 32
50 × 42
40 × 40
42 × 40
44 × 44
38.5 × 38.5
30 × 30
48 × 48
50 × 30
26 × 28

Impedance
bandwidth
(GHz)
3.10–10.60
2.50–13.30
3.10–10.60
3.10–7.20
2.95–10.60
3.08–11.80
3.50–10.60
2.50–12.00
2.50–14.50
2.90–10.80

Notched band
(GHz)

Isolation
(dB)

ECC

5.10–5.95
5.03–5.97
5.1–5.8 & 7.9–8.4
5.1–6
5.05–5.86 & 6.68–7.43

−15
−15
−15
−15
−15
−15.5
−15
−15
−20
−15

< 0.04
< 0.2
< 0.1
< 0.04
< 0.02
< 0.05
< 0.04
< 0.08

Peak
gain
(dB)
1.8–3.5
−0.1–5.9
1.5–4
1–3.6
0.5–5.2
0.2–4.2
1.6–4

ground plane, a UWB MIMO antenna with two band notches was proposed in [14]. The decoupling
structure is a Y-shaped defected ground structure. Many UWB MIMO antennas are listed in Table 1,
in which all of them have relatively large size.
In this paper, a compact UWB MIMO spatial diversity antenna with dual band-notches is presented.
The antenna is designed on an FR4 substrate with a compact size. The half-rectangle radiating elements
fed by tapered microstrip feeding lines are designed to achieve UWB characteristics and spatial diversity.
The defective ground with a T-shaped stub is used to improve impedance matching and ensure high
isolations. Two inverted L-shaped slits are used to introduce notches at WLAN (5.15–5.85 GHz) and
IEEE INSAT/Super-Extended C-band (6.7–7.1 GHz). The measurements denote that the proposed
antenna is suitable for MIMO system.
2. ANTENNA GEOMETRY AND DESIGN
2.1. Antenna Conﬁguration
Figure 1(a) describes the geometry of the proposed antenna. It is fabricated on a low-cost FR4 substrate
with a relative dielectric constant of 4.4 and loss tangent of 0.02. The total size is 26 × 28 × 0.8 mm3
or 0.27λ0 × 0.29λ0 × 0.01λ0 , where λ0 is the free-space wavelength at 3.1 GHz. It consists of two
half-rectangle radiating elements, both fed by tapered microstrip feeding lines, which improve input
impedance matching. Each radiator has two inverted L-shaped slits, each of which introduces a band
notch. To ensure high isolation through the operating frequency, a T-shaped stub is introduced on
the ground. The optimized dimensions are derived using ANSYS HFSS 15.0, shown in Figure 1(a):
W = 28 mm, L = 26 mm, W 1 = 2 mm, L1 = 10 mm, W 2 = 6 mm, L2 = 8.95 mm, W 3 = 2.8 mm,
L3 = 3.5 mm, W 4 = 6 mm, L4 = 4.5 mm, W 5 = 6 mm, L5 = 15 mm, W 6 = 1.9 mm, L6 = 6 mm,
L7 = 12 mm, R = 2 mm. A picture of the fabricated antenna is shown in Figure 1(b). The performances
of the antenna mentioned above are studied in detail as follows.
To better understand the design procedure of the radiating element, three antenna structures are
modeled and simulated by ANSYS HFSS software, as shown in Figure 2. First, a half-rectangle radiating
element fed by a tapered microstrip line (Antenna A) is designed to achieve UWB characteristics. After
realizing UWB performance, the antenna is modiﬁed to introduce the WLAN (5.15–5.85 GHz) band
notch as shown in Figure 2 with an inverted L-shaped slit (Antenna B). Finally, on the base of Antenna B,
another slit is etched in the radiating element (Antenna C) to introduce IEEE INSAT/Super-Extended
C-band (6.7–7.1 GHz) as shown in Figure 2. The eﬀect of the slits will be discussed in detail in the next
section. And the simulated |S11 | for the three conﬁgurations is depicted in Figure 3.
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(a)

(b)

(c)

Figure 1. Proposed antenna geometry. (a) Structure of the proposed antenna. (b) Front view of the
fabricated antenna. (c) Back view of the fabricated antenna.

Figure 2. Conﬁgurations of the prototypes of
Antenna A, B and C.

Figure 3. Simulated |S11 | of Antenna A, B and
C.

2.2. Eﬀect of the Slits
The dual band-notched characteristics in the proposed antenna are introduced by two inverted L-shaped
slits etched in each radiator. These L-shaped slits introduce impedance mismatching between the feeding
line and radiating element as a λ/4 resonator, so that band-notched characteristics are achieved. The
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slit length is about λ/4 at the center of the rejected band and can be calculated by [15]
c
(1)
L =
√
4fcenter · εeﬀ
εr + 1
(2)
εeﬀ ≈
2
where εeﬀ is the eﬀective dielectric constant, and c is the speed of light.
The WLAN band is rejected by the upper etched slit, and the IEEE INSAT/Super-Extended Cband is rejected by the shorter etched slit. According to Eq. (1), the length of the upper slit is 8.3 mm,
and the lower slit is 6.6 mm. In order to understand the eﬀect of the etched slits in depth, Figure 4
plots the current distributions of the proposed antenna. From Figure 4, it is clear that the surface
current is concentrated on the upper slit at 5.5 GHz and on the lower slit at 6.9 GHz. Besides that,
the currents on the two sides of the slit are in opposite directions for both frequencies. As a result,
radiation from both sides will counteract in the far ﬁelds. Therefore, little radiation occurs, and return
loss is deteriorated. These current distributions indicate that the proposed antenna can achieve band
rejection at the WLAN band and IEEE INSAT/Super-Extended C-band.

(a)

(b)

Figure 4. Simulated surface current distributions at diﬀerent frequencies. (a) 5.5 GHz. (b) 6.9 GHz.

2.3. Eﬀect of Ground
The ground plane has a signiﬁcant impact on the performance of the presented antenna. The semicircular slots on the ground are used to widen the impedance bandwidth. The rectangular stub on the
ground is not only used for improving impedance matching, but also used for increasing isolation in
the low operating frequency. Figure 5 shows the ground structure design steps of the UWB MIMO

Ground 1

Ground 2

Ground 3

Figure 5. Conﬁgurations of the prototypes of Ground 1 to Ground 3.
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(b)

Figure 6. Simulated S-parameters of diﬀerent ground planes. (a) |S11 |. (b) |S12 |.
antenna. The simulated S-parameters including S11 and S12 are illustrated in Figure 6. It can be
seen from Figure 6 that the eﬀect of the ground structure on the isolation is greater than reﬂections
parameters. The S11 of Ground 1 has the highest cutoﬀ frequency at about 4.3 GHz, and the isolation
is very poor especially at low frequency. With the addition of the rectangle stub in Ground 2, the
reﬂection parameter becomes better, but still does not meet the UWB requirements, and the isolation
is poor in the frequency band below 3.4 GHz. In order to improve the impedance bandwidth and
isolation at low frequency, a T-shaped (Ground 3) decoupling structure is introduced on the ground
plane. The simulated results in Figures 6(a) and (b) show that the −10 dB impedance bandwidth and
15 dB isolation is achieved from 2.9 to 10.8 GHz, which meets the requirements of the UWB MIMO
system.
3. RESULTS AND DISCUSSION
3.1. Scattering Parameters
The S-parameters of the proposed antenna is measured by an Agilent AV3672B vector network analyzer.
Figure 7 shows the measured reﬂection and transmission characteristics. There is acceptable deviation
between measured and simulated results due to fabrication tolerance. As depicted in Figure 7(a), the
proposed antenna has an impedance bandwidth (|S11 | ≤ −10 dB) from 2.9 GHz to 10.8 GHz except for

(a)

(b)

Figure 7. Simulated and measured S-parameters versus frequency of the proposed antenna. (a) |S11 |.
(b) |S12 |.
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5.15–5.85 GHz (WLAN band) and 6.7–7.1 GHz (IEEE INSAT/Super-Extended C-band). It can be seen
from Figure 7(b) that the isolation (|S12 |) between two antenna elements is more than 15 dB through
the whole working band.

X-Z (E-plane)

X-Z (E-plane)

X-Z (E-plane)

(a)

(b)

(c)

Y-Z (H-plane)

Y-Z (H-plane)

Y-Z (H-plane)

Figure 8. Simulated and measured radiation patterns of the proposed antenna. (a) 3 GHz. (b) 6.5 GHz.
(c) 10 GHz.
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3.2. Radiation Performance
The simulated and measured radiation patterns of the fabricated prototype are plotted in Figure 8 at
frequencies of 3 GHz, 6.5 GHz, and 10 GHz, respectively, which include the X-Z plane (E plane) and
Y -Z plane (H plane). Due to the symmetric antenna structure, the radiation patterns are measured
in an anechoic chamber when port 1 is excited and port 2 terminated by a 50 Ω load. The measured
results are in agreement with simulations.
3.3. Diversity Performance
Envelope correlation coeﬃcient (ECC) is an important parameter whose value indicates the diversity
performance of the MIMO antenna. In practical applications, ECC values below 0.5 denote perfect
diversity performance. For a two-port antenna, ECC is calculated using [16]
∗ S + S ∗ S |2
|S11
12
22

  21 
 .
ECC = 
2
2
1 − |S11 | + |S21 |
1 − |S22 |2 + |S12 |2

(3)

Figure 9 shows the ECC curves of the proposed antenna. It is observed that the ECC values are
below 0.1 through the whole working band from 2.9 GHz to 10.8 GHz. The DG of the proposed UWB
MIMO antenna can be calculated using

(4)
DG = 10 1 − ECC2

Figure 9. Simulated and measured ECC values
versus frequency of the proposed antenna.

Figure 10. Simulated and measured DG values
versus frequency of the proposed antenna.

It is observed that DG using S-parameters is ≥ 9.5 dB, as shown in Figure 10, which indicates that
the proposed antenna has excellent diversity characteristics.
Figure 11 shows the multiplexing eﬃciency and peak gain with varying frequencies. Multiplexing
eﬃciency (ηMUX) can be calculated by [17]


(5)
1 − |ρc |2 η1 η2
ηMUX =
where ρc is the complex correlation coeﬃcient between the two elements and ECC ≈ |ρc |2 , ηi is the total
eﬃciency of ith antenna element. From Figure 11 it is observed that at 5.5 GHz and 6.9 GHz ηMUX
has a substantial drop. In addition, from Figure 11, peak gain drops to −14 dB at 5.5 GHz and −7.5 dB
at 6.9 GHz, which means that the proposed antenna can perfectly avoid electromagnetic interference at
notched band.
For multi-port antenna systems, adjacent antenna elements aﬀect each other while operating
simultaneously. It aﬀects overall operational bandwidth and eﬃciency. Therefore, relying solely on Sparameters is not suﬃcient to predict actual system behavior. A new metric, expressed as total eﬀective
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Figure 12. Simulated and measured TARC of
the proposed antenna.

reﬂection coeﬃcient (TARC), has been introduced to account for this eﬀect. The TARC provides a more
meaningful and complete MIMO eﬃciency characterization measurement because it contains the eﬀect
of mutual coupling. TARC can be deﬁned as the square root of the ratio of total reﬂected power to
total incident power and the apparent return loss of the entire MIMO antenna system. For dual-port
MIMO system, it can be calculated by

(S11 + S12 )2 + (S21 + S22 )2
√
.
(6)
TARC =
2
For a MIMO communication system, the value of TRAC should < 0 dB. The measured and simulated
values of TRAC are shown in Figure 12. It is observed from the ﬁgure that the value of TRAC for the
proposed antenna is < −12 dB in the whole operating band.
4. CONCLUSION
A dual band-notched compact UWB MIMO antenna is investigated in this paper. The compact size of
the antenna is 26 mm × 28 mm. The defected ground plane and tapered microstrip feeding lines are used
to improve impedance matching, and the T-shaped stub on the ground is used to improve isolation.
Simulated and measured results show that the proposed antenna has an impedance bandwidth from
2.9 to 10.8 GHz except for the WLAN and IEEE INSAT/Super-Extended C-band, and the isolation is
more than 15 dB through the operating band. The ECC, DG, multiplexing eﬃciency, TARC and peak
gain indicate that the diversity performance is excellent. All of the features mentioned above indicate
that the proposed antenna is a good candidate for UWB diversity applications.
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