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Abstract — A ultra-wideband (UWB) multiple-input-
multiple-output (MIMO) antenna using double Y-shaped
decoupling structure with high isolation and triple
notched-band is presented. The designed antenna com-
posed of two orthogonally placed monopole elements,
coplanar ground and double Y-shaped branch. The
defected substrate structure is used to achieve minia-
turization. By slotting successively C-shaped slot, semi-
circular slot and rectangular slot on the radiation patch
and the ground, achieved three notched bands at 3.5 GHz
WiMAX, 5.25 GHz WLAN, and 7.5 GHz X-band. The
proposed antenna can operate in range of 2.56-12 GHz
with triple notched bands of 3.31-3.96 GHz, 4.58-5.67
GHz and 6.57-8.16 GHz. Considering all the results, it
can be concluded that the antenna presented has a great
performance in terms of good radiation, high isolation
(>24 dB), a low level ECC (<0.01) and a high DG level
(>9.99), which proves the presented antenna has good
prospect in UWB-MIMO systems.

Index Terms — band-notched, DGS, defected substrate
structure, high isolation, MIMO, SRR.

L. INTRODUCTION

Many scholars have studied ultra-wideband (UWB)
technology for many years because by using this technol-
ogy, wireless communication can be greatly improved in
channel capacity and quality without having to increase
the transmission power or spectrum. Although UWB
technology has the advantages mentioned above, the
application of UWB technology in other fields is limited
because of its short transmission distance and limited
signal transmission rate. Integration of UWB technology
and multiple-input-multiple-output (MIMO) technology
can overcome these shortcomings. MIMO antenna inte-
grates at least two antenna elements on a dielectric sub-
strate. Due to the limitation of substrate size, the two
elements will be coupled with each other when they are
close.

UWB covers the working bands of systems includ-
ing WiMAX (3.3-3.7 GHz), WLAN (5.15-5.35 GHz),

Submitted On: June 4, 2023
Accepted On: November 26, 2023

X-band (7.25-7.75 GHz) and so on. When UWB antenna
works, it is easy to interfere with the above-mentioned
systems, so suppressing overlapping band signals has
become a research hotspot. The most effective method
is to fabricate a UWB antenna with notched functions.
[155] all achieve ultra-wide band. However, it is diffi-
cult and challenging to design an UWB-MIMO antenna
that is small, has good anti-interference capabilities, a
low coupling, and multiple notch characteristics.
Recently, MIMO technology has received a great
attention. When MIMO technology is used in antenna
design, it can help antennas achieve a high transmission
rate and a stable transmission reliability. With MIMO
technology, the signal is transmitted in multiple chan-
nels, thereby reducing multipath fading and increasing
transmission capacity [6]. Many UWB-MIMO antennas
are proposed in [[6H22]. A circularly polarized MIMO
antenna is designed in [6]. Although the impedance
bandwidth is from 3.1-13.5 GHz, the antenna has a nar-
row axial ratio bandwidth from 4.7-6.1 GHz and is sus-
ceptible to be interfered by other useful bands. The slit
slot is etched to improve isolation. In [7], a novel decou-
pling is used to improve isolation, which inter-element
isolation is over 25 dB, but the function of notch is not
realized. In [8], to get the notched-band characteristic a
T-shaped slot is added; but it only realizes a notched band
at 5.2 GHz, and the isolation just blow -15 dB. [9] pro-
posed a MIMO antenna with the isolation higher than
20 dB. Loading a complementary CSRR produces two
notched bands. [[10] proposed a UWB-MIMO antenna
which has two notch bands in 3.1-4.8 GHz and 5.1-6.3
GHz. The isolation which is enhanced by T-shape stubs
is all better than 20 dB in the whole bands. [L1] proposed
an asymmetric coplanar strip fed MIMO antenna with
two notched bands at WiMAX band and WLAN band.
In [12], an increased level of isolation is achieved by
introducing a defected ground structure. In order to gen-
erate triple notched bands, a C-shaped slot is introduced
in the antenna, but the isolation is only less than 15 dB
at working bands. Moreover, some three-notched bands
antennas with microstrip feed are proposed in literatures
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[23128]. The different EBG structures are used to realize
three notched bands at WiMAX, X Band, and WLAN
in [24]. In [23], a novel 4-element UWB antenna
was presented with three notch-band characteristics, and
the orthogonal separated trapezoidal structure is used to
enhance isolation. In [26], A MIMO antenna with three
notches is designed, three notched bands are at 4.56,
7.25, and 9.08 GHz with great isolation of -22 dB. In
[27], a UWB-MIMO antenna with three L-shaped slots
is presented. In [28], a 4x4 UWB-MIMO antenna is
designed with three notch frequencies at 3.72, 5.53 and
8.2 GHz.

This paper presents a CPW-fed UWB-MIMO
antenna with a triple notched band and a double Y-
shaped decoupling structure. There are two orthogonally
placed monopole elements and a Y-shaped branch in this
antenna. In summary, the innovations of the proposed
antenna are as follows:(1) The defected substrate struc-
ture helps to achieve miniaturization;(2) The antenna has
a filtering performance. The simulation and experiment
results indicated that the antenna proposed in this paper
could operate form 2.56-12 GHz except three notched
bands from 3.31-3.96 GHz, 4.58-5.67 GHz, and 6.57-
8.16 GHz;(3) The double Y-shaped stub is introduced to
improve the isolation between the antenna ports better
than 24 dB;(4) The coplanar waveguide (CPW) feeder is
easy to be integrated in applications.

II. ANTENNA DESIGN AND ANALYSIS

A. Antenna Structure

The MIMO antenna design structure and physical
photograph are shown in Fig. [T} it composed of two
orthogonal circular monopole elements with tapered feed
line, coplanar ground and Y-shaped branch. Firstly, the
proposed antenna is fabricated on a 50x50x0.8 mm?
FR-4 square substrate, with a dielectric constant = 4.4,
and loss tangent = 0.02. Then, the substrate is cut to min-
imize the size of antenna (the reduced size is 31.04 % of
the original size). By etching slots on the radiation patch
and ground, triple notched bands are achieved. The slot
length of L is usually A/2 or A/4, the formula is as fol-
lows in [30} 31]:

C
L=——— (1)
2fcemer\/ Eeff
&g+1 &—1 12h _
Cpp ="t @)

where C means the light speed, fcenter denotes the cen-
ter frequency of the notch band, and €eff represents the
effective value of the dielectric constant. % is the thick-
ness of the substrate. Wf and &r are the width of feeder
and relative dielectric constant of substrate. Detailed
dimensions of designed MIMO antenna can be seen in
Table[Tl

DU, PENG: CPW-FED UWB-MIMO ANTENNA WITH TRIPLE-BAND NOTCHED AND HIGH ISOLATION

(b)

Fig. 1. Structure of the antenna: (a) Geometry of the
antenna, (b) physical photograph of the antenna.

Table 1: Detailed dimensions of proposed antenna(mm)

L1 L2 L3 Ld S1
8 22 5.3 9.1 36
S2 LZI1 LZ2 wi w2
16 13.6 3 14.5 5.6
w3 WF WD WZ1 WZz2
0.5 0.2 3 5 0.6
RO RI al a2 a3
8.7 3 60 57 1.6
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(a) Ant-1

(c) Ant-3

(d) Ant-4

Fig. 2. Design process of notched band MIMO antenna.

B. Design process

HFSS-18 is used to design the proposed antenna.
Figure [2] depicts the designed triple notched-band
antenna. By adding slots on the ultra-bandwidth MIMO
antenna, three notched bands are generated. The simu-
lated S1; and S, of four different antennas were shown
in Fig.[3

The S;; of Ant-1 without slot is from 2.6 -12 GHz.
In Ant-2, a notched band is generated from 3.98-4.70
GHz by adding an annular slot on the radiation patch.
The notch frequency is set at 4.5 GHz. According to the
formula (1) and (2), the approximate length of the annu-
lar slot is 40 mm. In Ant-3, another notch frequency is
set at 3.3 GHz and the approximate length of the rectan-
gular slot is 60 mm. Two slots interact with each other.
Finally, two notched bands are generated from 3.11-3.79
GHz and 4.97-5.02 GHz by introducing C-shaped slot
and rectangular slot on the radiation patch. By adding a
rectangular slot on the ground of Ant-3, Ant-4 generates
three notch frequencies from 3.11-3.79 GHz, 4.97-5.15
GHz and 6.80-7.97 GHz. At the same time, the S»; of
all four antennas is less than -20 dB from 2.6 -12 GHz,
which show all antennas have good performance.

C. Analysis of decoupling structure

A double Y-shaped branch is designed as an isolator
in this paper. The antenna with and without double Y-
shaped branch are shown in Fig. 4] and the influence of
double Y-shaped structure on simulated S-parameter is
shown in Fig.El The S»; of antenna without branch is less
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Frequency(GHz)
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=== Ant—4

Frequency(GHz)
(b)

Fig. 3. Effects of different slots on S-parameters: (a) Si1,

(b) Sa1.

(b)
Fig. 4. Diagram of the schematic: (a) Without branch, (b)
with branch.

than -17 dB at all working bands, and the S,; of antenna
with branch is below than -20 dB from 3-12 GHz, which
show the branch is useful to enhance isolation.

To understand the decoupling mechanism of the Y-
shaped structure, Fig.[6]indicates the current distribution
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Fig. 5. Effects of branch on S-parameters: (a) Sij
and (b) 521.
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Fig. 6. Surface current distributions at 7 GHz when Port
1 acts as the exciter and Port 2 connects 50 Q load: (a)
Antenna with branch and (b) antenna without branch.
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Fig. 7. The S-parameters with single and double Y-
shaped branch: (a) S11, (b) S2;.

of antenna with branch and without branch at 7 GHz.
In Fig. [f] (a), the current flows directly from one port
to another, which leads to poor independence between
antenna units. The coupling current of another antenna
element can be reduced effectively, when the double Y-
shaped structure is added in Fig. [6](b).

Figure [7] shows simulated S-parameters of the
antenna with single and double Y-shaped branch. In
terms of S;1, the middle notch band is more accurate to
filter 5.25 GHz WLAN. The S, of antenna with single
Y-shaped branch is less than -20 dB except the band of
2.24-3.06 GHz. In addition, the S of the antenna with
double Y-shaped branch is less than -20 dB at all working
bands, and the decoupling effect is more obvious with
S>1 less than -30 dB within 7.45-9.25 GHz.

Simulated results of S;; and S,; with different
lengths of L2 can be known in Fig.[8] L2 means the length
of double Y-shaped structure, the change of L2 mainly
affects the intermediate notched band. When the value
of L2 is 22 mm, the intermediate notched band is wider
than others, and S5 is less than -20 dB from 2-12 GHz.

D. The influence of slots
To further understand the influence of slots on anten-
nas, Fig. 9] indicates the current distribution of the
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Fig. 8. Simulated of different parameters: (a) S;; and
(b) $21.
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Fig. 9. Continued.
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Fig. 9. Simulated surface current distribution when Port
1 acts as the exciter: (a) 3.4 GHz, (b) 5.25 GHz, and (c¢)
7.5 GHz.

antenna at notched band center frequencies of 3.4, 5.25
and 7.5 GHz. In Fig.(a), lots of current accumulates on
the C-shaped slot which is added to generate a 3.4 GHz
notch band. From Figs. [9] (b) and (c), annular slot and
rectangular slot have the same effect as the C-shaped slot
and produce 5.25 GHz notch band and 7.5 GHz notch
band respectively.

II1. RESULTS AND DISCUSSIONS
A. S-parameter

S-parameters were measured by an Agilent E8362B
network analyzer. One port is excited during the mea-
surement, while the other port is connected to 50-ohm
load.

In Fig. [I0] the measured S;; < -10 dB (or VSWR
< 2) is from 2.56 to 12 GHz, except notched frequen-
cies of 3.31-3.96 GHz, 4.58-5.67 GHz, and 6.57-8.16
GHz. Moreover, the measured S»; is lower than -24 dB
in working band.
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field is shown in Fig. [T} Radiation patterns at 2.8
GHz, 4.1 GHz, 5.9 GHz, and 9.1 GHz are depicted in Fig. 12. continued.
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slight distortion of the radiation pattern, but it does not
influence its radiation performance.

C. Diversity Performance

The diversity characteristic is mainly determined
by envelope correlation coefficient (ECC). ECC can
effectively reflect the coupling degree between radia-
tion patterns of different elements of the MIMO antenna.
According to [12], a formula for ECC based on the S-
parameter can be found in equation (3).

ECC— S11*S12+521%S22

(/1= Il 182 (/1 182 - 1$12P)

3)

The ECC is shown in Fig. [I3] (a), which meets the
requirement of port isolation for UWB MIMO antenna.
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Fig. 13. Simulated or measured results. (a)ECC and DG.
(b) TARC.
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A closely related parameter to ECC is the diversity
gain (DQG). It is also a vital parameter. The formula is as

follows:
DG =10V 1—ECC2. (@)

Figure (a) depicts that the presented MIMO
antenna has a great DG characteristic, which is greater
than 9.99.

To predict the behavior of MIMO antenna systems,
the total active reflection coefficient (TARC) is intro-
duced. The simulated TARC is shown at Fig.|13|(b). The
formula is expressed as:

7612 76Y2
TARC\/(511+S12€ )?+ (S21+ Sne ). )

2

D. Gain

Figure 4] indicates the gains of the MIMO antenna.
The gain keeps stable from 2.5-12 GHz. Addition-
ally, the gains at three rejected bands decrease dramat-
ically.

—a—Simulated
4F : —@— Measured

Peak Gain(dB)

-6 1 1 1 1
2 4 6 8 10 12

Frequency(GHz)

Fig. 14.
antenna.

Simulated and measured gain of MIMO

E. Comparison

Table [2| compares performance between proposed
antenna and previous ones. Although [SH7] are designed
with MIMO technology, they cannot filter interference
band. And the presented antenna has more notched bands
compared with references [8H11]. In comparison to other
similar antennas reported in references [12] 23H28], the
presented antenna has a better isolation, wider band-
width, lower ECC level and CPW feed.
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Table 2: Performance comparison with previous antennas

Electrical
Size Band-width Mutual The Detailed Bands
Paper (Ao is Antenna Size (mm3 ) GH Coupling | Bands Notched Notched ECC | DG |Feeder Method
Calculated at (GHz) (dB) (GHz) otche
lower band)
[5] 0.38 x 0.38 38x38x1.6 3-20 <—-17 - 0 <0.08 19.97| CPW feed
[6] 0.26 x 0.52 25x51x%x0.8 31—-135 | <—18 - 0 <0.01 {99 | CPW feed
[7] 0.50 x 0.35 50x35x%1 3.0-11 < =25 - 0 < 0.004| - |Microstrip feed
[8] 0.33x0.26 33 x26x%x 1.6 3—-11 <-—15 45-55 1 <0.03 | - |Microstrip feed
[9] 0.25x0.38 24 x36 x 1.6 31-134 | <-15 551557—128 2 - - |Microstrip feed
[10] 0.18 x 0.35 18x35x%x 1.6 23—-12 < =20 21:22 2 <0.035] - CPW feed
(1] 0.35x0.35 37x37x1.6 29-106 | <—-15 5.?'53:53.5825 2 <0.02| - CPW feed
33-37
[12] 0.27 x 0.43 27 x42 % 1.6 31—-115 | <—-15 3.7-42 3 <0.015(9.99| CPW feed
5.15-5.85
33-3.6
[23] 0.14 x 0.24 21 x36x1.6 2—11 <—15 5-6 3 < 0.015(9.95 |Microstrip feed
7.9-8.6
4.52-4.6,
[26] 0.39 x 0.39 39 x 39 x 1.57 3.1-106 | <-22 7.02-7.49, 3 < 0.02 |9.99 | Microstrip feed
8.78 —9.338
3.3-3.75
[27] 0.24 x 0.31 21 x27x0.8 3.1-11 < =20 5.07-5.95 3 <0.04 | - |Microstrip feed
7.6—8.6
3.72,
[28] 0.58 x 0.58 44 x 44 x 0.8 35-11 <-23 5.53 3 < 0.008| - |Microstrip feed
8.2
3.31-3.96
This paper| 0.42 x 0.30 50 x 36 x0.8 2.56—12 < =24 4.58—5.67, 3 <0.01 {9.99| CPW feed
6.57—-8.16

IV. CONCLUSION

Using a double Y-shaped decoupling structure, this
paper introduces a CPW-fed UWB-MIMO antenna that
exhibits triple notching characteristics and high isola-
tion. Three notched bands of the antenna are realized
by etching slots on the patch and coplanar ground. The
proposed MIMO antenna has an ultra-wide band from
2.56-12 GHz with three notched bands which are from
3.31-3.96 GHz, 4.58-5.67 GHz and 6.57-8.16 GHz, and
the measured isolation is all higher than 24 dB in whole
bands. In addition, ECC are below 0.01 and DG is above
9.99. All the simulated and experiment results indicated
that presented antenna is suitable in UWB field.
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