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Abstract

In this work, two elements (with two versions) compat UWB MIMO antennas are designed and fabaricted. CST software is
used in the simulation process. The two elements MIMO antenna have a size of 29.5 x 60 mm?. Measured S parameters
show that the MIMO antennas work well from 3 GHz up to 20 GHz (representing the maximum working frequency of the
measurent instrumnts). Mesurement results show that the isolation between the antenna elemnts is higher than 23 dB for
the first version of the two elements UWB MIMO antenna. In addition, mesurement results show that the isolation between
the antenna elemnts is higher than 30 dB for the second version of the two elements UWB MIMO antenna. Measurements
show a channel capacity loss lower than 0.4 bps/Hz and a low group delay variation.
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1 Introduction

In the twentieth century, very little work on the UWB
antennas has been carried out. But, since the FCC assign-
ment (at 2002) of the band 3.1-10.6 GHz for UWB
applications, a huge increment of investigation work at the
field of UWB antennas has been noticed [1]. To increase
the data rate of any communication system such as mobile
commination systems, the Multiple-Input Multiple-Output
(MIMO) technique is used. One of this system requirement
is to have an antenna with multiple (2, 4, 8, 16, 32 or even
more) separated ports. System bit rate can be easily
increased by more than one fold using for example 16*%16
MIMO antennas at the transmitting and receiving parts
[2—4]. Works [5-8] give detailed design procedure and
thoroughly performance analysis of various types of UWB
MIMO antennas working at different bands to serve in the
deployment of different communication systems. One of
the major requirements of a good MIMO antenna is to have
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a high isolation (ideally infinite isolation) among its ports.
An isolation of 15 dB is considered as the minimum
acceptable isolation among ports. To meet this essential
requirement, different effective isolation increment tech-
niques such as using diversity polarization, defected
ground structure (DGS), neutralization lines, parasitic
structures, periodical resonant structures or metallic barri-
ers have been studied and implemented. In work [9], a two
elements MIMO antenna that works at both the C band and
the X band has been presented. To increase the isolation
between its two elements, a defected ground structure
(DGS) technique is implemented. This technique increases
the isolation between ports up to 30 dB. In [10], to have an
inter-ports isolation higher than 30 dB, decoupling network
(having a U shape) has been connected between the two
F-shaped radiating elements of the double band WLAN
MIMO antenna. In [11], a compact UWB MIMO antenna
with two orthogonal elements is presented. To further
increase the isolation between the two ports of the UWB
MIMO antenna, a fork-shaped slot within the ground plane
is used. Measurement results show that the antenna-work-
ing band (with S11 lower than — 10 dB) extends from
2.85 GHz up to 11.9 GHz ant that isolation between ports
is higher than 20 dB. Recently, various novel types of
UWRB antennas (with and without notch filters) that serve to
construct MIMO antennas are presented in [12-19]. Vari-
ous MIMO antennas are presented in [20-24]. Despite the
15 dB isolation criterion, it is better to have higher
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Fig. 1 Single element UWB antenna geometry

isolation among the antenna ports in order to have better
MIMO performance.

The main contribution of this article is to design two
versions of compact two elements Ultra-Wide Bandwidth
MIMO antennas that work well up to 20 GHz with an
isolation between ports higher than 23 dB.

The organization of the rest of this works is as follows.
In Sect. 2, the design procedure and simulated performance
of the two elements MIMO antennas are given in details.
Section 3 presents and discusses the antennds experimental
results (S parameters and MIMO figures of merit). Finally,
conclusions are presented in Sect. 4.

2 Antenna design

The main objective of this section is to design two and four
elements UWB MIMO antennas that comply the following
conditions:

e To have reflection parameters lower than -10 dB at the
whole or almost the whole UWB classical band of
3.1 GHz to 10.6 GHz and beyond.

e To have coupling parameters lower than — 20 dB at the
whole or almost the whole UWB classical band of
3.1 GHz to 10.6 GHz and beyond.

To design and construct the antennas, the inexpensive
FR4 material with a thickness of 1.6 mm is used. The FR4
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material has a dielectric constant of 4.4 and a loss tangent
of 0.02. The copper layer at both sides of the substrate has a
thickness of 35 pm. FR4 material has a reasonable per-
formance up to 10 GHz. At higher frequencies, radiation
efficiency drops. Despite the reduction of the radiation
efficiency, antenna fabricated using FR-4 can be used up to
20 GHz (with lower radiation efficiency) if it is necessary.
The CST software is used in the simulation process.

In this section, the design process of a single element
UWB antenna, two elements UWB MIMO antenna in two
versions will be given.

Table 1 Physical dimensions of

the single element UWB Parameter Value (mm)
antenna WTaper 3.1

LTaper 7.5

WBTaper 1.2

R 10

R2 2

LS 29.5

WS 32

LR2 26

LGP 7.4
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(A) Simulated S11 of the single element UWB antenna.
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(B) Equivalent circuit of the single element UWB antenna.

Fig. 2 Simulated S11 and equivalent circuit of the single element UWB
2.1 Single element UWB antenna

First, the design procedure and simulation performance of
the single element UWB antenna that will be used as a

antenna

design platform for the two and four elements UWB
MIMO antennas is presented. Figure 1 shows the single
element UWB antenna geometry. In the front side of the
antenna, the radiating element and the feeding line are
printed. The radiating element is a circle with a radius R.
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Fig. 3 Geometry of the two elements UWB MIMO antenna (version
D

Table 2 Physical dimensions of

the two elements UWB antenna Parameter Value (mm)

(version 1) WTaper 31
WBTaper 1.2
LTaper 7.5
R 9
R2 2
LR2 24.5
LU1 12
LU2 15
WB 6.5
WEDb 0.5
WU 0.5
wC 9.5
Ws 60
Ls 29.5
WGP 25.5
wC 9
WMI1 4
WM2 8
WM3 1
LM1 10.86
LM2 12.24
LM3 7.5
LM4 1
LGP 6.4
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Small hemisphere with radius R2 are printed on the top of
the main circle. A tapered feeding line connecting the
antenna port with the main patch is applied to smooth the
current’s path, thus providing wider impedance bandwidth.
The tapered feeding line has with a lower part width of
3.1 mm to match the 50 ohms connector of the antenna.
The upper part of the taper has a width of 1.2 mm to have
the maximum possible working band of the antenna. A
partial ground plane can be noticed in the rear side of the
antenna.

Table 1 shows the physical dimensions of the single
element UWB antenna. It can be noticed that the antenna
has a size of (29.5%32) mm>.

Figure 2A shows the simulated S11 of the single ele-
ment UWB antenna. It can be seen that the impedance-
working band of the antenna (with S11 lower than
— 10 dB) extends from 3.55 GHz up to 20 GHz covering
almost all of the classical UWB band and beyond. Fig-
ure 2B shows the equivalent circuit of the UWB antenna. It
can be seen that it is represented by nine parallel RLC
circuits connected in series. The impedance band (with S11
lower than — 10 dB) of this equivalent circuit is
3.5-21.4 GHz.

2.2 Two elements UWB MIMO antenna (Version
1)

In this sub-section, a parallel feed two elements MIMO
antenna is designed. It is well known that parallel feed
MIMO antennas have lower isolation than orthogonally
feed MIMO antenna [25-29]. Figure 3 shows the geometry
of the two elements parallel feed UWB MIMO antenna
(version 1). In the front side of the antenna, seven vertical
metallic barriers have been added to increase the isolation
between the two radiating elements of the antenna. To
further increase the isolation between the two elements of
the antenna, two L-like stubs and a vertical metallic barrier
have been added in the rear side of the antenna. To have a
compact antenna, lower radiating element radius is used.

Table 2 shows the physical dimensions of the two ele-
ments UWB antenna (version 1). It can be noticed that the
antenna has assize of (29.5%60) mm?.

Figure 4 shows the simulated S11 of the two elements
UWB antenna (version 1). It can be seen that the impe-
dance-working band of the antenna (with S11 lower than
— 10 dB) extends from 3.05 GHz up to 20 GHz covering
all of the classical UWB band and beyond. S21 has a value
lower than — 20 dB at the band (3.38-20.0) GHz.
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Fig. 4 Simulated S11 of the two elements UWB antenna (version 1)

Figure 5 shows the simulated far field directivity (E-
plane and H-Plane) of the two elements UWB MIMO
antenna (version 1). It can be seen that the H-plane radi-
ation pattern is omnidirectional meanwhile; the E-plane
radiation pattern has a deformed 8-shape.

Table 3 shows the radiation parameters of the two ele-
ments UWB MIMO antenna (version 1). Maximum real-
ized gain is got at 7 GHz. Radiation efficiency measured in
dB is negative since it is lower than 100%. Despite the low
radiation efficiency at 19 GHz, antenna can be used at this
frequency and 20 GHz if it is necessary.

2.3 Two elements UWB MIMO antenna (Version
2)

Figure 6 shows the geometry of the two elements UWB
MIMO antenna (version 2). In the front side of the antenna,
two L-like stubs are added at the top of each one of the

12 14 16 18 20

Frequency / GHz

radiating elements to increase the isolation between the two
radiating elements of the antenna.

Table 4 shows the physical dimensions of the two ele-
ments UWB antenna (version 2). It can be noticed that the
antenna has assize of (29.5%60) mm”.

Figure 7 shows the simulated S11 of the two elements
UWB antenna (version 2). It can be seen that the impe-
dance-working band of the antenna (with S11 lower than
— 10 dB) extends from 3.78 GHz up to 20 GHz. S21 has a
value lower than — 20 dB at the band (3.06-20) GHz
covering almost all of the classical UWB band and beyond.
In addition, it can be seen that S21 has a value lower than
— 25 dB at the major part of the working band of the
antenna.

Figure 8 depicts the simulated far field directivity (E-
plane and H-Plane) of the two elements UWB MIMO
antenna (version 2). It can be noticed that the H-plane
radiation pattern is omnidirectional meanwhile; the E-plane
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Fig. 5 Simulated far field
directivity (E-plane and
H-Plane) of the two elements
UWB MIMO antenna (version

D
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Fig. 5 continued
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radiation pattern has a deformed 8-shape.

Table 5 shows the radiation parameters of the two ele-
ments UWB MIMO antenna (version 2). Maximum real-
ized gain is got at 10 GHz. Radiation efficiency measured
in dB is negative since it is lower than 100%.

270

240

180

19 GHz

3 Experimental results

Antennas have been fabricated using the PCB milling
machine LPKF ProtoMat S100. The Vector Network
Analyzer (VNA) E5071C of Agilent with a maximum
operating frequency of 20 GHz is used to measure the S
parameters of the fabricated antennas.
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Table 3 Radiation parameters

of the two elements UWB Parameter 4 GHz 7 GHz 10 GHz 14 GHz 19 GHz
MIMO antenna (version 1) Directivity (dBi) 4.259 7.189 6.246 5016 6.441
Radiation efficiency (dB) — 0.5188 — 0.9544 — 1.101 — 1.379 — 2232
Gain (dBi) 3.7402 6.2346 5.145 3.637 4.209
Total efficiency (dB) — 0.6445 — 1.155 — 1.218 — 1.455 — 2.326
Realized Gain (dBi) 3.6145 6.034 5.028 3.561 4.115
Radiation efficiency (%) 88.7 80.2 77.6 72.8 59.8
WS wo | Table 4 Physical dimensions of Parameter Value (mm)
X e v A the t\.Jvo elements UWB antenna
(version 2) WTaper 31
WBTaper 1.2
LTaper 7.5
| : 9
TWU 9 R2 2
» LR2 24.5
=) LU1 12
—— = v LU2 15
WEb WTaper L2 2
W2 13.75
WB 6.5
WEb 0.5
wu 0.5
wu3 0.4
wC 9.5
WS 60
o LS 29.5
= WGP 255
Wi 9
Fig. 6 Geometry of the two elements UWB MIMO antenna (version WMI 4
2) WM2 8
WM3 1
Figure 9 shows a photograph of the fabricated single LM1 10.86
element UWB antenna. LM2 12.24
Figure 10 shows the measured S11 of the single element LM3 7.5
UWB antenna. It can be seen that the impedance-working LM4 1
band of the antenna (with S11 lower than — 10 dB) LGP 6.4

extends from 3.1 GHz up to 20 GHz covering all of the
classical UWB band and beyond.

Figure 11 shows a photograph of the two sides of the
fabricated two elements UWB MIMO antenna (version 1).

Figure 12 shows the measured S11 of the two elements
UWB MIMO antenna (version 1). It can be seen that the
impedance-working band of the antenna (with S11 lower
than — 10 dB) extends from 3 GHz up to 20 GHz covering
almost all of the classical UWB band and beyond.

@ Springer

Figure 13 shows the measured S21 of the two elements
UWB MIMO antenna (version 1). It can be seen that S21 is
lower than — 23 dB at the band that extends from
2.75 GHz up to 20 GHz. At the band 5 to 20 GHz, S21 has
a value lower than — 30 dB.

Using the S parameters, the Envelope Correlation
Coefficient (ECC) of the two elements MIMO antenna is
given by [16]:
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Fig. 7 Simulated S11 of the two elements UWB antenna (version 2)
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(1)

Figure 14 shows the ECC of the two elements UWB
MIMO antenna (version 1). It can be seen that it has value
lower than 0.001 at the band 3 GHz up to 20 GHz.

12 14 16 18 20
Frequency / GHz

Figure 15 shows the Diversity Gain of the two elements
UWB MIMO antenna (version 1). It can be seen that it has
value very near to 10 dB at the band 3 GHz up to 20 GHz.

Figure 16 shows the Channel Capacity Loss (CCL) of
the first version of the two elements UWB MIMO antenna.
CCL has a maximum value of 0.396 bps/Hz at 3 GHz. At
other frequencies, it has a value lower than 0.3 bps/Hz. The
maximum accepted value of CCL is 0.4 bps/Hz.
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Fig. 8 Simulated far field
directivity (E-plane and
H-Plane) of the two elements
UWB MIMO antenna (version
2)
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Fig. 8 continued

To measure the group delay of the first version of the  elements UWB MIMO antenna. It can be seen that the
two elements UWB MIMO antenna, two antennas are  group delay fluctuates around 1.2 ns.
placed face to face at a distance between them of 30 cm. Figure 18 shows the measured radiation pattern of the
Figure 17 shows the measured group delay of the two  two elements MIMO antenna at three frequencies. It can be
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Table 5 Radiation parameters
of the two elements UWB

MIMO antenna (version 2)

Parameter 4 GHz 7 GHz 10 GHz 14 GHz 19 GHz
Directivity (dBi) 4.180 5.037 6.601 5.474 7.194
Radiation efficiency (dB) — 0.7492 — 0.8281 — 1.104 — 1.399 — 2.208
Gain (dBi) 3.4308 4.2089 5.497 4.075 4.986
Total efficiency (dB) — 0.8237 — 1.273 — 1.211 — 1.457 —2.277
Realized Gain (dBi) 3.3563 3.764 5.39 4.017 4917

Fig. 9 Photograph of the fabricated single element UWB antenna

Fig. 10 Measured S11 of the

seen that the H-plane radiation pattern is almost omnidi-
rectional and that the E-plane radiation pattern has two
minima at almost 90 and 270 degrees.

To measure the UWB MIMO antenna time-domain
characteristics, two identical antennas were used as the
receiving device (Rx) and transmitting device (Tx) to
construct the time-domain simulation scene. The distance
between the two antennas is 300 mm, which satisfies the
far-field radiation conditions. The signal source uses a
modulated Gaussian pulse, and the corresponding spectrum
is 3.0-11 GHz. Figure 19 shows the time-domain impulse
response of the two elements UWB MIMO antenna where

511 of 1 Element Antenna

single element UWB antenna -2 \ T

dB
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Fig. 11 Photograph of the fabricated two elements UWB MIMO
antenna (version 1)

Fig. 12 Measured S11 of the

S11 of 2 Elements MIMO Antenna

the normalized amplitudes of the transmitted and received
pulses are presented. The fidelity factor is 85%.

Figure 20 shows a photograph of the two sides of the
fabricated two element UWB MIMO antenna (version 2).

Figure 21 shows the measured S11 of the two elements
UWB MIMO antenna (version 2). It can be seen that S11 is
lower than — 10 dB at the band that extends from 3.1 GHz
up to 20 GHz covering almost all of the classical UWB
band and beyond.

Figure 22 shows the measured S21 of the two elements
UWB MIMO antenna (version 2). It can be seen that S21 is
lower than — 20 dB at the band that extends from 1.7 GHz
up to 20 GHz. In addition, it can be seen that, S21 is lower
than — 30 dB at the band that extends from 3.05 GHz up to
20 GHz.

The ECC of the two elements UWB MIMO antenna
(version 2) has value lower than 0.00012 at the band 3 GHz
up to 20 GHz. The Diversity Gain of the two elements
UWB MIMO antenna (version 2) has value very near to
10 dB at the band 3 GHz up to 20 GHz. The Channel
Capacity Loss (CCL) of the second version of the two
elements UWB MIMO antenna has a maximum value of
0.325 bps/Hz at 3 GHz. At other frequencies, it has a value

two elements UWB MIMO 0 |
antenna (version 1)

-10

-15

dB
[N
o

)
()]
T

6 8 10 12 14 16 18 20
Frecuency (GHz)
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Fig. 13 Measured S21 of the S$21 of 2 Elements MIMO Antenna
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Fig. 15 Diversity Gain of the
two elements UWB MIMO
antenna (version 1)

Fig. 16 Channel Capacity Loss
(CCL) of the first version of the
two elements UWB MIMO
antenna (version 1)
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1 First version of the 2 Elements UWB MIMO Antenna
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Fig. 17 Measured group delay of first version of the two elements UWB MIMO antenna (version 1)

lower than 0.23 bps/Hz. To measure the group delay of the Figure 23 shows the measured radiation pattern of the
second version of the two elements UWB MIMO antenna,  two elements MIMO antenna at three frequencies. It can be
two antennas are placed face to face at a distance between  seen that the H-plane radiation pattern is almost omnidi-
them of 30 cm. The measured group delay of the two  rectional and that the E-plane radiation pattern has two
elements UWB MIMO antenna has a small fluctuates  minima at almost 90 and 270 degrees.

around 1.2 ns.
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E-plane and H-plane radiation patterns at 4 GHz

E-plane and H-plane radiation patterns at 7 GHz

E-plane and H-plane radiation patterns at 10 GHz

Fig. 18 Measured radiation pattern of the two elements MIMO antenna at three frequencies
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Fig. 19 Time-domain impulse 1
response of the two elements
UWB MIMO antenna (version

n 0.8

0.6

0.4

Normalized Amplitude

—— T x

—— R

1 1 1

Fig. 20 Photograph of the two sides of the fabricated two element
UWB MIMO antenna (version 2)
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Figure 24 shows the time-domain impulse response of
the two elements UWB MIMO antenna (version 2). Here,
also the fidelity factor is 83%.

A comparison of the designed structures and previously
designed structures is given in Table 6. It can be noticed
that, the our first MIMO antenna (version 1) has a very
good isolation and wider working band. Also, it can be
noticed that our second MIMO antenna (version 2) has
wider working bands and higher isolation between ports in
comparison with all other antennas represented in Table 6.

4 Conclusions

In this aticle, two elements (with two versions) compat
UWB MIMO antennas are designed and fabaricted. CST
software is used in the simulation process. Measured S
parameters show that the MIMO antennas work well from
3 GHz up to 20 GHz (maximum working frequency of the
measurent instrumnts). The two elements MIMO antennas
have a size of 29.5 x 60 mm”. Mesurement results show
that the isolation among the antenna elemnts is higher than
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Fig. 21 Measured S11 of the S11 of 2 Elements MIMO Antenna
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Fig. 23 Measured radiation
pattern of the two elements
MIMO antenna (version 2) at
three frequencies
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Fig. 24 Time-domain impulse 1 T T T T
response of the two elements =
UWB MIMO antenna (version 0.8 _
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Table 6 Comparison with previously designed MIMO antenna

Reference Working band (GHz) Isolation (dB)
20 1.9-14.0 <20
21 2.5-11.0 <20
22 2.5-13.0 <20
23 3.0-11.0 <25
24 2.7-11.0 <20
30 3.1-10.6 <15
31 3.1-10.6 <13
32 3.1-10.6 <17
33 3.1-10.6 <11
34 2.5-11.0 <15
This work (version 1) 2.7-20.0 <23
This work (version 2) 3.1-20.0 < 30

Time (ns)

23 dB for the first version of the two elements UWB
MIMO antenna. In addition, mesurement results show that
the isolation between the antenna elemnts is higher than
30 dB for the second version of the two elements UWB
MIMO antenna.
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