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Abstract—A compact ultra-wideband (UWB) Multiple-Input-
Multiple-Output (MIMO) antenna with a notched band is
presented. The proposed design consists of four unipolar UWB
radiators, and these monopole radiators are placed
perpendicular to each other to exploit polarization diversity,
where the four-element ultra-wideband (UWB) Multiple-Input-
Multiple-Output (MIMO) antenna is presented. The total size of
the antenna is 60x60 mm?2. The operating frequency of the
antenna is 3.1-11 GHz with a return loss of less than 10 dB,
except at the notched band of 4.9- 5.9 GHz. This antenna
consists of an isosceles trapezoidal plate with a circular notch
cut and two transitional steps as well as a partial ground plane.
For UWB bandwidth enhancement techniques: use of a partial
ground plane, and modify the gap between the radioactive
element and ground plane technique, using steps to control the
resistance stability and a notch cut technique. The notch cut
from the radiator is too used to reduce the size of the plane
antenna. The measured -10 dB return loss bandwidth for the
designed antenna is about 116.3% (8.7 GHz). The MIMO
antenna does not require any additional structure to improve
insulation. The proposed antenna supplies an acceptable
radiation pattern and relatively flat gain over the entire
frequency band.

Index Terms—Multiple Input Multiple Output (MIMO), Ultra-
wide Band (UWB), Notched UWB, CST

I. INTRODUCTION

There are a lot of common services nowadays the
customers would like to have in their terminals such as
Internet access, video streaming, games downloading
files, etc. However, all these services require a higher
data rate transmission than conventional voice calls. The
world's leading companies in mobile communications
have given a huge force to the development of 4G
wireless systems to satisfy the customers' demand for
high data rates, quality of transmission, and accuracy.
MIMO antenna system is a key feature enabling
technology for fourth-generation (4G) wireless
communication [1]. This technology has become a good
solution to fulfill the demand for high data rate and to
improve the performance of future wireless
communication systems [2], and This is primarily
because MIMO systems can increase channel capacity
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with an increase in the number of the elements [3],
without additional bandwidth or transmit power.

MIMO is a key component of standards of wireless
communication, such as IEEE 802.11 (Wi-Fi), Long
Term Evolution (LTE), and Worldwide Interoperability
for Microwave Access (WIMAX) [4], [5]. MIMO has
raised interest because of its applications in 4G, RFID,
Digital Home, and WLAN. Demand for high data rate, as
a result, is to increase the huge bandwidth. To improve
the system's capability, a very broadband MIMO antenna
was developed for commercial systems.

MIMO antenna systems are heavily implemented in
wireless devices to enhance channel capacity and
multipath propagation [6]. The UWB MIMO antenna has
high application isolation in automotive communication
systems and radar imaging systems [7], [8]. Recently, a
Multi-Input-Multi-Output  (MIMO) order has been
proposed, to increases channel capacity, allowing
multiple users to access various services at the same time
[9]-[10].

The idea of MIMO is that the sample signals in the
spatial domain are combined at both transmitter and
receiver receptors to form multiple streams of parallel
spatial data that increase the rate of data. The occurrence
of diversity also improves the quality that is the bit-error-
rate (BER) of the communication [11]. Using UWB
technology, wireless devices can transmit a very wide
range of bandwidth while consuming less power [12].
Also, the UWB technology-based devices have many
other advantages, including high data rates, increased
bandwidth, and low cost [13]. It is designed UWB
antennas for portable devices. Planar antennas are a
promising solution for UWB applications because of
their simple design, low cost, and performance [13].
Many UWB- MIMO antennas are presented in [14], [15],
Most of these MIMO antennas were without notched or
need techniques to reduce the coupling between the
elements.

This paper presents a compact MIMO antenna with a
bandwidth from 3.1 to 11.6 GHz for UWB applications
with a notched band at WLAN services. It has a compact
size of 60 x60 mm?. Two planar-monopole antennae are
placed with guides to direct a perpendicular optical wave
perpendicular to each other compared to the conventional
UWB antenna; the proposed antenna collects the
advantages of the orthorhombic structure and the
separation structure to achieve a low joint coupling and a
compact size.
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Il. ANTENNA DESIGN

A. UWB Antenna

The design of a single UWB radiator is presented in
[16]. Fig. 1 shows the geometry of a single radiator
which is fed by 50 Q microstrip line. The substrate is
selected to be Rogers RT/ Duroid 5880 material with a
relative permittivity & =2.2 and a thickness of 1.575 mm.
The radiator shape is chosen to be trapezoidal; it can
show a UWB characteristic. Where the initial parameters
are calculated using the following empirical formula
reported in [16] after adding the effect of the substrate:

f(GHz) = ——=

(4mh+w+wy)

1)

where

f_: the frequency corresponding to the lower edge of
the bandwidth for the trapezoidal sheet.

W and W;: the width of the trapezoidal patch bases.

h: the height of the trapezoidal patch

TABLE I: THE OPTIMIZED DIMENSIONS OF THE UWB ANTENNA

No Parameter Value
1 Thickness of substrate 1.575mm
2 Length of the substrate, Lsub 30mm
3 Width of the substrate, Wsub 30mm
4 Width trapezoidal patchl, w 28mm
5 Width trapezoidal patch2, w; 20mm
6 Width trapezoidal patch3, w, 14mm
7 Length trapezoidal patchl, h 10.5mm
8 Length trapezoidal patch2, h; 2mm
9 Length trapezoidal patch3, h, 3mm
10 Length feed, L¢ 12mm
11 Width feed, W 3.6mm
12 Ground Plane length, Lg 11lmm
13 Ground Plane width, W, 30mm
14 Radius The notched, r 7mm

f sk

w

Fig. 1. The initial geometry of UWB antenna

Table | presents the optimized dimensions of the UWB
antenna. The dimensions are expressed in mm. This
formula is used to foresee the lower edge frequency of
the bandwidth for the trapezoidal sheet hanging in the
space on the ground plane. It is accurate to +/- 9 % for
frequencies in the range of 500 MHz to 6 MHz. The sheet
will be a patch printed on a substrate, so, the effect of the
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substrate has to be incorporated into the formula. After
adding it, the formula becomes:

f1(GHz) =

904
(4Th+w+wq)./Ereff

where the effective relative permittivity e,., can be
calculated using:

O]

Eeff = (& + 1) /2 3)

where

&,: The relative permittivity of the substrate

Since the antenna is designed for UWB, it has to
operate over 3.1 - 10.6 GHz

B. Notched UWB Antenna Design

After design the UWB antenna, the U-shape slot is
etched on the radiator element to achieve a notched band
at WLAN operating frequency. Fig. 2 shows the
parameters of the U-shape slot; the dimensions of the U-
slot are optimized to give the required notched band from
frequency 5GHz to 6GHz which are used for WLAN
service. The optimized dimensions of the global best and
the fabricated value of the U-shaped slot are listed in
Table II.

D

Ls

_ 1

Cs #

Fig. 2. U-shaped slot for the notched band

Fitness (J) = min(Xiz1S11 (D] — 2 GazlS11 (D] +

izecizIS11 (D) (4)

The fitness function as in (4) minimizes the reflection
coefficient |S;,| overall UWB spectrums (below -10 dB)
and maximize |S;,| over the notched band (over -10dB).

TABLE Il: OPTIMIZED DIMENSIONS OF U-SLOT

NO Parameter Value
1 Length of notched, L 10.4mm
2 Width of notched, d 0.7mm

3 Thickness of notched, Cs 0.45mm
4 Distance from the beginning, s 5mm

The band notched feature can be postulated as in

c
fnotch T oL Torf (5)

where c is the speed of light, L =D 4+ 2+ Ly — 2 * C, is
the total length of the U-slot and &g is the effective
dielectric constant given by (6)
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Ert+1
Eeff = 75 (6)

Fig. 3 shows the picture of the fabricated UWB
antenna with notched band characteristic on Rogers
RT/Duroid 5880 material substrate with a size of 30mm

by 30mm.

Fig. 3. The picture of the notched UWB antenna

C. UWB MIMO Antenna

Fig. 4 shows the antenna layout, which is made of
four UWB antennas, which are placed clockwise and be
vertical to each other to form the body of the MIMO
antenna with size 60 x 60 mm® The proposed antenna
consists of four single-slot U-shaped radiators. The first
antenna was placed in a U-shaped slot radiator
perpendicular to the second antenna. Similarly, the
second U-shaped slot radiator was placed perpendicular
to the other radiator at the self-same space and the second
U-shaped slot radiator was placed vertically to the third,
U-shaped slot radiator was placed perpendicular to the
other radiator at the same distance. These slots were used
to improve the broadband matching. The antennas were
placed this way to achieve broadband matching
characteristics, polarization diversity, and high isolation.
Later on, the ground planes of all these radiators were
connected through a shortening is fed by a microstrip line
12 mm long and 3.6 mm wide. The impedance matching
in the 3.1-11 GHz frequency range was achieved. The
antenna has a compact size and the orthogonality of the
element achieves the reduction of mutual coupling
between the elements.

Fig. 4. The Geometry of optimum MIMO UWB antenna
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I1l. RESULTS AND DISCUSSIONS

A. UWB Antenna

Fig. 5 shows the measured reflection coefficient |Sy|
compared with the simulated results for a UWB antenna
utilize CST simulation. Performance is gained since the
measured values of the return loss is very close to the
simulated one in most of the extent of the frequency band.
It is noted that the antenna can support different
resonance patterns, and it is closely distributed across the
spectrum, so the interference of these resonance media
leads to the UWB property.
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3 4 5 6 7 8 9 10 "

Frequency (GHz)

Fig. 5. The simulated and measured reflection coefficients of the UWB
antenna

Phi=90 30 30 Phi=270

Far-field (f=3 GHz) Far-field (f=5.2GHz)

Main lobe magnitude =2.24 dBi | Main lobe magnitude= 3.51
Main lobe direction= 178.0 deg. dBi

Angular width (3 dB)= 86.5 Main lobe direction2.0 deg.
deg. Angular width (3 dB)=75.6
deg.

g 30 phi=270 Phi= 90 3“

60 § * 60 60

. 30 Phi=270
- 7 90
120

150

phi= 90 30

150
180

Far-field (f=7GHz) Far-field (f=11GHz)

Main lobe magnitude= 4.34 dBi | Main lobe magnitude=1 dBi

Main lobe direction=170.0 Main lobe direction=9.0
deg. deg.

Angular width (3 dB)=73.5 Angular width (3 dB)=42.2
deg. deg.

Side lobe level = -0.8dB Side lobe level =-1.0 dB

Fig. 6. The simulation radiation pattern of notched UWB antenna in xz-
and yz- plans

Typical the antenna radiation patterns at 3 GHz and
7GHz and 11 in xy -plane are plotted in Fig. 6. The
antenna has a dipole-like radiation pattern that confirms
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that it is operating in the primary resonance mode. Fig. 7
shows the simulated of the VSWR which indicates the
notch at the required frequency band.
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Fig. 7. The simulated VSWR of the UWB antenna

B. UWB MIMO Antenna

Fig. 8 shows the reflection coefficients simulated
results of the MIMO antenna. When the first element is
excited, the surface current occurs strongly on the
corresponding element resulting in a rise of the mutual
coupling. The mutual coupling can be reduced by
increasing the distance between elements. However, this

will result in the big size of the suggested MIMO antenna.

SParameters [Magntude n d8]
0 n — T n T

Frequency | GHz
Fig. 8. The simulated S-parameters of the MIMO antenna elements
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Frequency = 5.2

Main lobe magnitude =  5.44 dBi
Main lobe direction = -17.0 deg.
Angular width (3 dB) = 92.3 deg.
Side lobe level = -0.9 dB

Frequency = 5.2

Main lobe magnitude = 4.78 dBi
Main lobe direction = -1.0 deg.
Angular width (3 dB) = 58.5 deqg.

E-plane plot at 5.2 GHz
Farfield Directivity Abs (Phi=0)

H-plane plot at 3 GHz

Farfield Directivity Abs (Phi=90)

0

Frequency = 7

Main lobe magnitude =  6.04 dBi
Main lobe direction = -172.0 deg.
Angular width (3 dB) = 91.2 deg.
Side lobe level = -2.7 dB

Frequency = 7

Main lobe magnitude = 6.03 dBi
Main lobe drection = 173.0 deg.
Angular width (3 dB) = 44.2 deg.

E-plane plot at 7 GHz H-plane plot at 3 GHz

Fig. 9. The simulation radiation pattern of the MIMO antenna in xz- and
yz- planes at frequencies

Fig. 9. describes E-plane (phi=0) and H-plane (phi=90)
plots of the MIMO antenna system at the frequencies
3GHz and 5.2Hz and 7Hz.

Fig. 10. shows the 3-D Radiation pattern of the MIMO
antenna system describing all the four portxs at 7 GHz

¥

Fig. 3-D radiation pattern of the MIMO antenna at 7 GHz of all the
ports

Fig. 11 depicts the simulated gain of the antenna. The
gain varies from 1.6 dB to 5.8 dB over the operating
frequency range. It can be concluded that the gain
variation is 4.2dB over the entire operating frequency
range, the radiation efficiency of the antenna is specified
by the radiated power, and the input force accepted by
the antenna. It was thence observed that the maximum
radiation qualification was 5.85 dB at 7 GHz.
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Fig. 11. The antenna gain versus frequency

Fig. 12 shows the picture of the fabricated UWB
MIMO antenna. The measured reflection coefficients of
the MIMO antenna are shown in Fig. 13. From this
format, it was noted that the antenna could operate over
the extended range from 3 GHz to 11 GHz and shows at
WLAN frequency band from 4.9 GHz to 5.9 GHz, the
antenna gives good rejection.

Fig. 12. The picture of the fabricated UWB MIMO antenna
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Fig. 13. The measured reflection coefficients of the MIMI antenna

Fig. 14 shows the simulated and measured S-
parameters of the antenna for biased states. Where Fig.
14 (a) shows the simulated and measured S;; and Ss3, and
Fig. 14 (b) shows the simulated and measured S, and Sys.
The results indicate an acceptable match between each
measured and simulation results, and that the antenna
gives a matched impedance for UWB frequencies with
the notched band at the frequencies used in WLAN
services.

Fig. 15 shows the measured results of the mutual
coupling of the final MIMO antenna. The measured
results show that the mutual coupling between cross- (1,2)
and polarization elements (1,3) is less than —17 dB and
—16 dB over the UWB range, respectively. It is observed
that the measured results are in good agreement with the
simulated results. the results show that the mutual
coupling of the cross- and polarization elements of the
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final MIMO antenna are

less than

~10dB. Any

discrepancy is attributed to manufacturing tolerance.
These results prove that this antenna is a good candidate
for MIMO operation across the UWB band.
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Fig. 14. The measured and the simulated S- parameters, (a) S11 and Ss,
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Fig. 15. The measured and simulated mutual coupling. (a) Si,, Si3 and
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IV. CONCLUSION

Compact UWB-MIMO antenna arrays with four
radiating elements have been proposed in this article. The
MIMO antenna design has a band-stop design on the
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bottom side and four radiators share a ground plane using
a rectangular shortening strip .The technology is used to
design a UWB-MIMO antenna with an irregular shape
radiator with a notched band characteristic. The antenna
built on a Rogers RT/Duroid 5880 substrate with 60 <60
mm? surface area, 1.575 mm thickness with a relative
permittivity, &=2.2, and loss tangent of 0.02 and can
cover the UWB spectrum (3.1-11 GHz) with a notched
band from 4.9 GHz to 5.9 GHz with stable radiation
characteristics. In the future work, the antenna can be
more compact and can utilize the use of electromagnetic
bandgap (EBG) to reduce the mutual coupling in the
array elements.
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