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Abstract – In this paper, we propose a circularly
polarized (CP) ultra-wideband (UWB) MIMO antenna.
Compared with common linearly polarized (LP) UWB
antenna, the proposed antenna can excite circular polar-
ization (CP) mode for WLAN communication and its
impedance bandwidth can also fully cover UWB spec-
trum. It consists of identical circularly polarized anten-
nas. Each unit adopts circular monopole with extended
orthogonal rectangle patch to realize broadband and
symmetrical rectangular ground with slot in the diagonal
of each antenna unit to achieve circular polarization for
WLAN band. It has a very compact size and the dimen-
sion is 25 × 51 × 0.8 mm3. The impedance bandwidth
of the proposed antenna is from 3.1 GHz to 13.5 GHz,
with average gain of 4 dBi, fully covering UWB band-
width and enhanced by 38%. At the same time, circular
polarization is achieved by embedding two symmetrical
rectangular slot structures in the two opposite corners
of every antenna unit. The extended orthogonal rectan-
gle patch is introduced to enhance impedance bandwidth
and broaden axial ratio (AR) bandwidth. The measured
3 dB axial ratio (AR) bandwidth is 1.8 GHz (4.7-6.5
GHz), fully covering WLAN band. Meanwhile, the slit
slot between antenna units and rectangular openings
are introduced to achieve high isolation. The proposed
antenna keeps ECC (envelope correlation coefficient)
below 0.01, which showing good isolation and diver-
sity characteristics. The proposed antenna can simulta-
neously operate in the UWB spectrum and exhibit circu-
larly polarized (CP) radiation characteristic in WLAN.

Index Terms – Circular polarization (CP), compact,
enhanced bandwidth, high isolation, multiple input and
multiple output (MIMO), ultra-wideband (UWB).

I. INTRODUCTION
In 2002, the FCC allowed the commercialization of

3.1-10.6 GHz band [1], then the ultra-wideband com-
munication technology attracted the attention of many
researchers and companies. UWB communication tech-
nology was first used in the military field, but nowadays

it is widely used in cell phone mobile communication,
high-speed wireless communication in vehicle inter-
net, high-precision radar and other fields [2, 3]. Ultra-
wideband communication technology has the advantages
of ultra-wide bandwidth, high transmission rate, large
system capacity, low power consumption, high posi-
tioning accuracy, and anti-multipath interference [4]. In
recent years, it has been rapidly developed and become
one of the most popular wireless communication tech-
nologies.

Many researches studied on how to implement
UWB technology. [5–9] reported various UWB mono-
pole antennas. [5–7] achieved ultra-wideband in the 3.1-
10.6 GHz band by using ring, circular, and rectangular
patches, respectively. [8, 9] utilized inverted L-strip and
fork shape structure to cover the UWB band. In most
of the designs, ultra-wideband antennas in the frequency
band are linear polarization (LP) propagation, and lin-
early polarized (LP) transceiver has high requirements
for antenna placement, which usually must ensure that
the polarization direction of the transmitter and receiver
is the same, in order to avoid the impact of polariza-
tion mismatch. Therefore, the linearly polarized (LP)
antenna is extremely susceptible to polarization mis-
match and multipath interference in actual communica-
tion, which greatly reduces the reliability and quality
of communication. Circular polarization (CP) can effec-
tively reduce these deficiencies of linear polarization and
improve the stability of the system. Some of the papers
proposed design methods to achieve broadband or ultra-
wideband circular polarization [10–17]. [10, 11] utilized
open slot etched on the side of the coplanar ground to
achieve wideband circular polarization in 3.3-3.8 GHz
and 3.1-7.2 GHz separately. By embedding two sym-
metrical rectangular ground planes with L-shaped slots
in diagonal corners of the slot, [12, 13] realized wide-
band circular polarization. In [14] and [15], structures
of sequential phase network were adopted to achieve
5-6 GHz CP. [16] introduced an antipodal structure of
four different strips with a microstrip line to excite two
orthogonal modes and produced circular polarization in
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a wide band of 4.4-7.7 GHz. Similarly, double-Y-shape
coupling slots were introduced to achieve 3 dB axial
ratio bandwidth (ARBW) of 3.58-6 GHz [17]. Although
the bandwidth of circular polarization of many antennas
has been improved a lot, most of -10 dB impedance
bandwidth (IBW) still can not fully meet the UWB band.

Meanwhile, in practice, the permitted power spec-
tral density is very low in the whole wide band, less
than −41.3 dBm/MHz [18]. So UWB system is vul-
nerable to multipath interference, leading to deteriora-
tion of the performance of the actual communication
system. With the requirement of fast and stable high
throughput of modern communication, MIMO technol-
ogy has received a wide attention and been widely
used. MIMO technology utilizes the diversity of multi-
ple antenna transceivers, allowing the signal to be trans-
mitted in multiple channels, which significantly reduces
multipath fading and increases transmission capacity.
Thus MIMO technology can improve the channel capac-
ity, suppress multipath fading, and enhance the reliabil-
ity of the system. The combination of ultra-wideband
and MIMO technology can be a good solution to the
problem of multipath fading and improve the capability
of anti-interference and the robustness of system. Some
papers combine ultra-wideband technology with MIMO
technology to obtain a more high-speed and stable com-
munication transmission process. [19–28] show relevant
research progress but most of them are linearly polar-
ized (LP). Some papers combine ultra-wideband tech-
nology with MIMO technology to obtain more high-
speed and stable communication transmission but most
of them are linearly polarized (LP) [19–23]. [19] utilized
stub and Y-type defective ground structure to achieve lin-
early polarized UWB MIMO antenna. [20, 21] placed
the antenna units orthogonally to enhance isolation to
realize MIMO. [22, 23] introduced fence-type structure
and utilized extended T-shaped stub separately to achieve
compact MIMO UWB antenna. Currently, several recent
papers are beginning to investigate how to achieve partial
circular polarization in wideband or UWB band[ 24–28].
[24] utilized asymmetrical ground planes along the lon-
gitudinal axis of the microstrip line to achieve circular
polarization in UWB band. Better isolation was achieved
by increasing the spatial distance of the antenna unit,
and resulted in a larger size. [25] incorporated hexagonal
wide slot with a vertical arm and L-shaped radiators in
the rectangular feeds to enhance isolation. [26] utilized
circular-arc-shaped antenna with asymmetric ground
plane to excite CP mode in the range of 1.75–4.75 GHz
and orthogonal placement weakened the coupling of the
antenna unit. Truncated corner square patches and para-
sitic periodic metallic plates were introduced to achieve
CP radiation ranging from 5.08 GHz to 5.92 GHz and
high isolation in [27]. [28] added rectangular inverted L-

type microstrip to support circular polarization and used
defected ground structure to enhance isolation.

Some design methods for MIMO antennas have
been discussed above, and methods for enhancing isola-
tion have also been briefly mentioned. The following is a
summary of currently used decoupling methods [29–39].
[29–31] utilized slots in the middle of ground to form
defective ground to reduce mutual coupling. [32] placed
the antenna units orthogonally and effectively improved
isolation. [33–35] used open-stubs to enhance isolation.
And [36] used neutralization line to enhance isolation.
[37] placed the antenna units in the far-field region at
the expense of size. H-shaped and meander-line electro-
magnetic band gap (EBG) structure were used for mutual
coupling reduction [38, 39].

In this paper, we proposed a novel circularly polar-
ized (CP) UWB MIMO antenna. The impedance band-
width of the proposed antenna is 3.1-13.5 GHz, and
achieve polarization radiation from 4.7 GHz to 6.1 GHz,
completely covering the WLAN band. The prototype of
the proposed antenna is 25 × 51 × 0.8 mm3 and is
compact compared with previous works. Common UWB
MIMO antennas works in the way of linear polarization.
The proposed antenna adopts extended orthogonal rect-
angle units and symmetrical rectangular ground with slot
in the diagonal of each antenna unit to achieve circular
polarization (CP) for WLAN band. And the AR band-
width is wider than many current designs. To reduce cou-
pling between antenna units, the slot in the middle of
the ground and rectangular openings at both ends are uti-
lized to decouple. The isolation of the proposed antenna
is below -18 dB and in most of operating band less than -
20 dB, showing high isolation overall. Meanwhile, ECC
is below 0.01, showing excellent diversity characteris-
tic compared with related designs. This paper presents
the analysis and data results related to the antenna sim-
ulation and far-field test, including the S-parameter, cur-
rent distribution, gain, ECC (envelope correlation coef-
ficient), and DG (diversity gain). Antenna design and
related analysis are discussed in the following sections.
The results indicate the proposed antenna can excite cir-
cular polarization (CP) in WLAN band and is suitable
for UWB wireless communication system.

II. PROPOSED ANTENNA DESIGN AND
ANALYSIS

A. Circularly polarized antenna design
Figure 1 shows the design process of the circularly

polarized ultra-wideband antenna, and the entire process
of simulation design is carried out in HFSS (V18.0).

2×π × re f f ×L = π × r2, (1)

fL =
c
λ

=
72

L+ re f f + p
, (2)
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where fL is the lowest radiation frequency, L is the 

diameter of the circular monopole, reff is the effective 

radius of an equivalent cylindrical monopole antenna, p 

is spacing between circular patch and floor (frequency 

is in GHz and size is in mm). 

First, we adopts CPW fed circular patch with 

rectangular slot as the basis. The size of a circular patch 

can be estimated using the above formula. The 

introduced two symmetrical rectangular grounds with 

slot in the diagonal of the square slot help to converge 

to the 3-dB. The extended orthogonal rectangular 

branches of the circular can achieve the CP 

characteristic. And finally rectangular cell in the lower 

right corner further improves the current distribution to 

achieve circular polarization in WLAN.Figures1(a)–(d) 

show the iteration process of the antenna. 

The original antenna consists of a rectangular slot 

and circular radiating patch fed by CPW. From Figure2, 

we can see clearly that, in the initial design, S11 below -

10 dB ranges from 2.9 to 4.1 GHz, which is far from 

meeting the impedance bandwidth of UWB. And from 

Figure3, we can see that ARBW deteriorates in the 

whole band, far greater than 3 dB. As shown in 

Figure1(b), although the impedance bandwidth is only 

expanded to the right by 1 GHz, the overall AR is 

improved to below 10 dB, when two symmetrical 

rectangular slot 
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where fL is the lowest radiation frequency, L is the
diameter of the circular monopole, re f f is the effective
radius of an equivalent cylindrical monopole antenna,
p is spacing between circular patch and floor (frequency
is in GHz and size is in mm).

First, we adopts CPW fed circular patch with rectan-
gular slot as the basis. The size of a circular patch can be
estimated using the above formula. The introduced two
symmetrical rectangular grounds with slot in the diago-
nal of the square slot help to converge to the 3-dB. The
extended orthogonal rectangular branches of the circu-
lar can achieve the CP characteristic. And finally rect-
angular cell in the lower right corner further improves
the current distribution to achieve circular polarization
in WLAN. Figures 1 (a)–(d) show the iteration process
of the antenna.

The original antenna consists of a rectangular slot
and circular radiating patch fed by CPW. From Fig-
ure 2, we can see clearly that, in the initial design, S11
below −10 dB ranges from 2.9 to 4.1 GHz, which is
far from meeting the impedance bandwidth of UWB.
And from Figure 3, we can see that ARBW deterio-
rates in the whole band, far greater than 3 dB. As shown
in Figure 1 (b), although the impedance bandwidth is
only expanded to the right by 1 GHz, the overall AR is
improved to below 10 dB, when two symmetrical rect-
angular slot structures in the two opposite corners of
every antenna unit is introduced. Further, two orthogo-
nal rectangular branches extend from the top and side of
the circular radiator and the impedance bandwidth and 3
dB ARBW are subsequently broaden and enhanced. As
illustrated in Figures 2 and 3, the impedance bandwidth
is broaden to 8.5 GHz and CP is realized from 4.9 GHz
to 5.8 GHz. Finally, a rectangular patch is embedded in
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lower right of the square slot. S11 is expanded to 13.5
GHz, from 3.1-13.5 GHz, which fully meets the UWB
spectrum. And the AR bandwidth is further improved to
cover the entire WLAN band.

To illustrate how the 3 dB ARBW increases with
the design process, Figure 4 gives the amplitude ratio
and phase difference between the horizontal and vertical
components of the electric field in the major axis direc-
tion for Ant. 1-Ant. 4, respectively. Ideally, CP waves are
generated by exciting two orthogonal modes with equal
amplitude and a phase difference of 90◦. For Ant.1, the
amplitude ratio of the two electric field components is
much greater than 10 in the entire frequency band, which
does not satisfy the circular polarization and also the
phase difference does not meet the requirement of 90
degree phase difference. As shown in Figure 4, with the
symmetrical rectangular ground with slot in the diagonal
of each antenna unit introduced, the amplitude ratio of
the antenna drops considerably below 10 throughout the
band, and below 5 around 5 GHz, while the phase rela-
tionship stabilizes between 80◦ and 90◦. As can be seen
from Figure 3, the antenna axis ratio has been improved
considerably, indicating that the introduced structure can
help well in achieving circular polarization characteris-
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tics. With the introduction of the extended orthogonal
rectangle patch, the amplitude ratio of the antenna is
close to 1, showing that the magnitude of the horizon-
tal and vertical components of the electric field antenna
are nearly equal at this time. At the same time, the
slope of the phase in 4.5-6 GHz is further decreased,
resulting in an enhanced axial ratio bandwidth.
Finally, the proposed antenna, shown in Figure 3,
achieves 3 dB ARBW in 4.9-5.8 GHz with full coverage
of the WLAN (5.2-5.8 GHz) band, and the phase dif-
ference and amplitude ratio are in accordance with the
theoretical excitation of CP.

B. Design of MIMO antenna
Based on the CP antenna above, the circularly polar-

ized MIMO UWB antenna is proposed as shown in
Figure 5. The dimension of the proposed antenna is
25 × 51 × 0.8 mm3. The substrate of the proposed
antenna is FR4 material with relative permittivity (εr)
of 4.4 and loss tangent (tanδ ) of 0.02. And the antenna
is fed by coplanar waveguide and connected to a SMA
connector with 50 Ω characteristic impedance in the
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Table 1: Dimensions of the proposed antenna (unit: mm)
Parameter Size Parameter Size

L 25 W2 1.2
L1 3.8 W3 5
L2 2.3 W4 2
L3 3.4 W5 0.1
L4 2.7 W6 3.1
L5 5.5 W7 0.9
L6 0.7 W8 1.3
L7 5.5 W9 4
L8 6 W10 3.5
L9 4 W11 1.7
L10 0.9 W12 0.9
L11 12.1 W13 1
L12 2 W8 1.3
W 25 H 0.8

simulation. To enhance the isolation and realize good
diversity performance, the slit slot between antenna units
and rectangular openings are introduced to achieve high
isolation. As illustrated in Figures 6 and 7, S12 is below
−18 dB and −20 dB in the most cases. By introducing
the slit slot in the middle of the ground and rectangular
openings at the top and bottom of ground to form a defec-
tive ground structure, the coupling between the antenna
units is reduced to below −15 dB without the need to
reserve extra large space. The AR band-width is 4.7-6.1
GHz, completely covering the WLAN band. Thereby, it
can work in WLAN band in circular polarization. Mean-
while, impedance band-width also keeps wide (3.1-13.5
GHz). Table 1 shows the specific size parameters of the
optimized antenna.

To illustrate the CP radiation mechanism, the cur-
rent distribution of the antenna surface is plotted to ana-
lyze the generation of polarization. As shown in Figure 8,
current distribution of the CP antenna in different phases
of 0◦, 90◦, 180◦, and 270◦ at 5.6 GHz is presented. From
Figure 8 (a), we can see that the current flows mainly
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indicating that the introduced structure can help well in 

achieving circular polarization characteristics. With the 

introduction of the extended orthogonal rectangle patch, 

the amplitude ratio of the antenna is close to 1, showing 

that the magnitude of the horizontal and vertical 

components of the electric field antenna are nearly 

equal at this time. At the same time, the slope of the 

phase in 4.5-6 GHz is further decreased, resulting in an 

enhanced axial ratio bandwidth. Finally, the proposed 

antenna, shown in Figure3, achieves 3 dB ARBW in 

4.9-5.8 GHz with full coverage of the WLAN (5.2-5.8 

GHz) band, and the phase difference and amplitude 
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is fed by coplanar waveguide and connected to a SMA 
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simulation. To enhance the isolation and realize good 
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units and rectangular openings are introduced to 

achieve high isolation. As illustrated in Figures6 and 7, 

S12 is below -18 dB and -20 dB in the most cases. By 

introducing the slit slot in the middle of the ground and 

rectangular openings at the top and bottom of ground to 

form a defective ground structure, the coupling between 

the antenna units is reduced to below -15 dB without 

the need to reserve extra large space. The AR band-

width is 4.7-6.1 GHz, completely covering the WLAN 

band. Thereby, it can work in WLAN band in circular 

polarization. Meanwhile, impedance band-width also 

keeps wide (3.1-13.5 GHz). Table 1 shows the specific 

size parameters of the optimized antenna. 
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To illustrate the CP radiation mechanism, the 

current distribution of the antenna surface is plotted to 

analyze the generation of polarization. As shown in 

Figure8, current distribution of the CP antenna in 

different phases of 0°, 90°, 180°, and 270° at 5.6 GHz is 

presented. From Figure8(a),we can see that the current 
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current distribution of the antenna surface is plotted to 

analyze the generation of polarization. As shown in 

Figure8, current distribution of the CP antenna in 

different phases of 0°, 90°, 180°, and 270° at 5.6 GHz is 

presented. From Figure8(a),we can see that the current 

flows mainly along the-x and y axes, so the direction of 
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along the −x and y axes, so the direction of the synthetic
current vector points to the second quadrant. When the
phase is changed by 90◦, the current direction is along
the x and y axes, and the current vector points to the first
quadrant, which is orthogonal to the 0◦ phase direction.
Similarly, after changing the phase to 180◦ and 270◦,
the vector points to the forth and second quadrants in
turn. As can be seen from the Figure 8, the current direc-
tion rotates in the clockwise direction as phase increases.
Thus, the proposed antenna can excite a left-handed cir-
cular polarization (LHCP) along the z-axis.

III. PARAMETERS OPTIMIZATION AND
DISCUSSION

The width of the symmetrical ground slot, the length
of the extended rectangular branch, and the spacing
between introduced rectangular branch and circular radi-
ating unit affect the performance of this antenna. So the
effect of the variation of these critical parameters on
the antenna performance is studied to obtain the opti-
mal results. In the following, the effect of the corre-
sponding structure of the antenna on the 3 dB ARBW

the synthetic current vector points to the second 

quadrant. When the phase is changed by 90°, the 

current direction is along the x and y axes, and the 

currentvector points to the first quadrant, which is 

orthogonalto the 0° phase direction. Similarly, 

afterchangingthe phase to 180°and 270°, the vector 
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Fig. 8. Surface current distributions at 5.6 GHz for four 
phase angles. (a) 0°. (b) 90°. (c) 180°. (d) 270°. 
 

to theforth and second quadrants in turn. As can be seen 

from the Figure8, the current direction rotates in the 

clockwise direction as phase increases. Thus, the 

proposed antenna can excite a left-handed circular 

polarization (LHCP) along the z-axis. 

 

Table 1: Dimensions of the proposed antenna (unit: mm) 

Parameter Size Parameter Size 

L 25 W2 1.2 

L1 3.8 W3 5 

L2 2.3 W4 2 

L3 3.4 W5 0.1 

L4 2.7 W6 3.1 

L5 5.5 W7 0.9 

L6 0.7 W8 1.3 

L7 5.5 W9 4 

L8 6 W10 3.5 

L9 4 W11 1.7 

L10 0.9 W12 0.9 

L11 12.1 W13 1 

L12 2 W8 1.3 

W 25 H 0.8 

 

III. PARAMETERS OPTIMIZATION AND 

DISCUSSION 
The width of the symmetrical ground slot, the 

length of the extended rectangular branch, and the 

spacing between introduced rectangular branch and 

circular radiating unit affect the performance of this 

antenna.So the effect of the variation of these critical 

parameters on the antenna performance is studied to 

obtain the optimal results. In the following, the effect of 

the corresponding structure of the antenna on the 3 dB 

ARBW and impedance bandwidth is analyzed to 

achieve better performance of the antenna. In the 

process of optimizing and analyzing the parameters, we 

adopt the control variable method, where the other 

parameters are kept fixed and the relevant variables of 

interest are changed. 

 

A.The influence of length of side extended 

rectangular branch L2 

Figures9(a) and (b) give the effect of the length of 

the extended rectangular branch on the side of the 

circular radiating patch (L2) on the antenna impedance 

bandwidth and AR bandwidth, respectively. From 

Figure9(a), it can be seen that L2 has a large impact on 

the impedance bandwidth, when L2 = 0.3 mm, S11 is 

almost greater than -10 dB in the entire band, and can 

not meet the bandwidth of UWB. With the increase of 

L2, the impedance bandwidth is optimized. As shown in 

Figure9(b), the AR bandwidth is greater than 5 dB in 5-

6 GHz when L2 = 0.3 mm. As L2 increases, CP is 

achieved and the AR bandwidth is expanded. When L2 

= 1.3 mm, the CP is achieved in 5.4-5.8 GHz, but the 

impedance bandwidth of 5-7 GHz cannot meet the 

requirement.  

From Figure 9, we can see that the parameter L2 

has a large impact on the performance of the antenna on 

AR bandwidth and impedance bandwidth. Finally, L2 is 

chosen as 2.3 mm as the best value, and the AR 

bandwidth can cover the WLAN band. 

 

 
(a) 

Fig. 8. Surface current distributions at 5.6 GHz for four
phase angles. (a) 0◦. (b) 90◦. (c) 180◦. (d) 270◦.

and impedance bandwidth is analyzed to achieve better
performance of the antenna. In the process of optimiz-
ing and analyzing the parameters, we adopt the con-
trol variable method, where the other parameters are
kept fixed and the relevant variables of interest are
changed.

A. The influence of length of side extended rectangu-
lar ranch L2

Figures 9 (a) and (b) give the effect of the length
of the extended rectangular branch on the side of the
circular radiating patch (L2) on the antenna impedance
bandwidth and AR bandwidth, respectively. From Fig-
ure 9 (a), it can be seen that L2 has a large impact on
the impedance bandwidth, when L2 = 0.3 mm, S11 is
almost greater than -10 dB in the entire band, and can
not meet the bandwidth of UWB. With the increase of L2,
the impedance bandwidth is optimized. As shown in Fig-
ure 9 (b), the AR bandwidth is greater than 5 dB in 5-6
GHz when L2 = 0.3 mm. As L2 increases, CP is achieved
and the AR bandwidth is expanded. When L2 = 1.3 mm,
the CP is achieved in 5.4-5.8 GHz, but the impedance
bandwidth of 5-7 GHz cannot meet the requirement.

From Figure 9, we can see that the parameter L2 has
a large impact on the performance of the antenna on AR
bandwidth and impedance bandwidth. Finally, L2 is cho-
sen as 2.3 mm as the best value, and the AR bandwidth
can cover the WLAN band.
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Fig. 9. Simulated results of different L2. (a) S11. (b) AR. 

 

B.The influence of length of top extended rectangular 

branch L4 

The effect of the top extended rectangular patch on 

the antenna is further investigated. Fixing other 

parameters, the effect on the antenna performance is 

shown below when L4 is taken to different values. From 

Figures10(a) and (b), it can be seen that when varying L4 

has a small effect on the impedance bandwidth. Only 

when L4= 4.7 mm, S11 is greater than -10 dB in around 

3.7-5 GHz. With increase of L4 the AR is shifted to the 

left and bandwidth is broadened. When L4 = 2.7 mm, the 

impedance bandwidth is 3.1- 13.5 GHz, with AR 

bandwidth of 4.6-6.1 GHz. 

 

C.The influence of width of rectangular ground with 

slot W8 

Figures11(a) and (b) show the effect of variation in 

W8 on the impedance bandwidth and AR bandwidth. As 

W8 increases, the antenna S11 parameters shift slightly 

towards the left overall, and covers the entire UWB band. 

Meanwhile, the AR bandwidth remains almost constant, 

indicating the AR and impedance bandwidth is not 

sensitive to the variations of W8 . 
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Fig. 10. Simulated results of different L4. (a) S11. (b) AR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Simulated results of different L2. (a) S11. (b) AR.
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Fig. 9. Simulated results of different L2. (a) S11. (b) AR. 
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Fig. 10. Simulated results of different L4. (a) S11.
(b) AR.

B. The influence of length of top extended rectangular
branch L4

The effect of the top extended rectangular patch
on the antenna is further investigated. Fixing other
parameters, the effect on the antenna performance is
shown below when L4 is taken to different values. From
Figures 10 (a) and (b), it can be seen that when varying
L4 has a small effect on the impedance bandwidth. Only
when L4= 4.7 mm, S11 is greater than -10 dB in around
3.7-5 GHz. With increase of L4 the AR is shifted to the
left and bandwidth is broadened. When L4 = 2.7 mm, the
impedance bandwidth is 3.1- 13.5 GHz, with AR band-
width of 4.6-6.1 GHz.

C. The influence of width of rectangular ground with
slot W8

Figures 11 (a) and (b) show the effect of variation in
W8 on the impedance bandwidth and AR bandwidth. As
W8 increases, the antenna S11 parameters shift slightly
towards the left overall, and covers the entire UWB band.
Meanwhile, the AR bandwidth remains almost constant,
indicating the AR and impedance bandwidth is not sen-
sitive to the variations of W8 .
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Fig. 11. Simulated results of different W8. (a) S11. (b) AR. 
 

D.The influence of length of internal rectangular 

patch L8 

The effect of the parameter L8 on the impedance 

bandwidth is mainly concentrated in the high frequency   

band. When L8 = 3 mm, the impedance bandwidth  

deteriorates in 10-13 GHz. As L8  increases, the high 
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Fig. 12. Simulated results of different L8. (a) S11. (b) AR. 
 

frequency band gradually eases, whereas S11 exceeds -10 

dB in 6-10 GHz when L8 = 7 mm. Although the AR 

gradually shifts to the left with the increase of L8 , it can 

be seen that the effect of this parameter on AR is much 

less than the effect on the impedance bandwidth. 

Ultimately, L8  is chosen as 6 mm. 

 

 
 

Fig. 13. Photograph of the fabricated antenna. 

Fig. 11. Simulated results of different W8. (a) S11.
(b) AR.
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D. The influence of length of internal rectangular
patch L8

The effect of the parameter L8 on the impedance
bandwidth is mainly concentrated in the high frequency
band. When L8 = 3 mm, the impedance bandwidth deteri-
orates in 10-13 GHz. As L8 increases, the high frequency
band gradually eases, whereas S11 exceeds -10 dB in 6-
10 GHz when L8 = 7 mm. Although the AR gradually
shifts to the left with the increase of L8 , it can be seen
that the effect of this parameter on AR is much less than
the effect on the impedance bandwidth. Ultimately, L8 is
chosen as 6 mm.

IV. RESULT AND DISCUSSION
The fabrication of the proposed antenna is shown

in Figure 13 with dimensions of 25 × 51 × 0.8 mm3.
The proposed antenna was fabricated on FR4 substrate
with dielectric constant of 4.4 and loss tangent of 0.02.
The antenna feed line was connected to a 50 Ω SMA.
In the test, the scattering parameters were measured by
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less than the effect on the impedance bandwidth. 
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Fig. 14. Measured by Agilent NE5071C. 

 

IV. RESULTAND DISCUSSION 
The fabrication of the proposed antenna is shown in 

Figure13 with dimensions of25 × 51 × 0.8 mm3. The 

proposed antenna was fabricated on FR4 substrate with 

dielectric constant of 4.4 and loss tangent of 0.02. The 

antenna feed line was connected to a 50 Ω SMA. In the 

test, the scattering parameters were measured by Agilent 

vector network analyzer NE5071C in Figure14. And the 

far-field parameters, like gain, radiation pattern were 

measured in SATIMO anechoic chamber as shown in 

Figure18. 

Figure15 shows the measured S-parameter of the 

proposed antenna compared with the simulated. It can be 

seen that, from 3.2 GHz to 13.5 GHz, S11 is below -10 

dB, showing that the impedance bandwidth is more than 

10 GHz. Although the starting frequency is slightly 

shifted to the right, it is acceptable and consistent with 

simulated results. Figure16 shows that the measured 3 

dB ARBW is 4.7-6.5 GHz, covering the entire WLAN 

band. And the average peak gain is around 4 dBi as 

shown in Figure17. At the same time, in the entire 

operating band, the MIMO antenna shows good isolation. 

S12 reflects the degree of isolation. We can see, in 

Figure15, S12 is below -20 dB in most cases, which 

shows that the proposed antenna has high isolation. Due 

to the toleration of manufacturing and welding, there are 

some deviations between the measured and simulated 

data. In general, the proposed antenna achieves wide 

bandwidth and CP as expected. 

 

 
 
Fig. 15. Simulated and measured S-parameter. 

 

 
Fig. 16. Simulated and measured AR. 

 
Figure19 shows the radiation patterns of the 

proposed antenna in the X-Z and Y-Z planes, 
respectively at 4.8 GHz, 5.6GHz, and 8 GHz. As shown 
in the Figures19(a) and19(b), the proposed antenna 
generates LHCP radiation mode in the bore-sight 
direction. And Figure19(c) shows the radiation pattern of 
the proposed antenna in LP mode and it shows quasi-
omnidirectional characteristic. Although there are some 
discrepancies which may be due to processing errors, 
measured results is consistent with theanalysis 
resultsabove. 

 

 
 
Fig. 17. Simulated and measured peak gain. 

 

 
 

Fig. 18. Measured in SATIMO chamber room. 
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Agilent vector network analyzer NE5071C in Figure 14.
And the far-field parameters, like gain, radiation pattern
were measured in SATIMO anechoic chamber as shown
in Figure 18.

Figure 15 shows the measured S-parameter of the
proposed antenna compared with the simulated. It can
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good isolation. S12 reflects the degree of isolation. We 

can see, in Figure15, S12 is below -20 dB in most cases, 

which shows that the proposed antenna has high 

isolation. Due to the toleration of manufacturing and 

welding, there are some deviations between the 

measured and simulated data. In general, the proposed 

antenna achieves wide bandwidth and CP as expected. 
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Fig. 16. Simulated and measured AR. 

 
Figure19 shows the radiation patterns of the 

proposed antenna in the X-Z and Y-Z planes, 
respectively at 4.8 GHz, 5.6GHz, and 8 GHz. As shown 
in the Figures19(a) and19(b), the proposed antenna 
generates LHCP radiation mode in the bore-sight 
direction. And Figure19(c) shows the radiation pattern 
of the proposed antenna in LP mode and it shows quasi-
omnidirectional characteristic. Although there are some 
discrepancies which may be due to processing errors, 
measured results is consistent with theanalysis 
resultsabove. 

 

 
 
Fig. 17. Simulated and measured peak gain. 

 

 

 

Fig. 18. Measured in SATIMO chamber room. 
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Fig. 19.Radiation patterns at different frequencies. (a 

and b)4.8GHz. (c and d)5.6GHz. (e and f)8 GHz. 

 

The diversity performance of MIMO antenna can 

be measured in terms of ECC (envelop correlation 

coefficient) and DG (diversity gain). ECC is a vital 

diversity parameter that depicts the correlation or 

isolation of related channels. ECC can be calculated by 

considering the impact of all S-parameters. Formula (3) 

is a quick way to calculate ECC. Usually, ECC below 

0.5 is widely adopted criterion for engineering [18]. 

.(3) 

DG is described as an increment in signal to 

interference level and can be calculated by formula (4). 

.(4) 

As shown in Figure20, the ECC value of the 

antenna is less than 0.01 and DG more than 9.95. Hence, 

the low ECC and high DG indicate that the MIMO 

antenna has favorable diversity characteristics to 

combat multi-path fading. 
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Fig. 16. Simulated and measured AR.
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omnidirectional characteristic. Although there are some 
discrepancies which may be due to processing errors, 
measured results is consistent with theanalysis 
resultsabove. 
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be seen that, from 3.2 GHz to 13.5 GHz, S11 is below
-10 dB, showing that the impedance bandwidth is more
than 10 GHz. Although the starting frequency is slightly
shifted to the right, it is acceptable and consistent with

simulated results. Figure 16 shows that the measured 3
dB ARBW is 4.7-6.5 GHz, covering the entire WLAN
band. And the average peak gain is around 4 dBi as
shown in Figure 17. At the same time, in the entire oper-
ating band, the MIMO antenna shows good isolation.
S12 reflects the degree of isolation. We can see, in Fig-
ure 15, S12 is below -20 dB in most cases, which shows
that the proposed antenna has high isolation. Due to the
toleration of manufacturing and welding, there are some
deviations between the measured and simulated data.
In general, the proposed antenna achieves wide band-
width and CP as expected.
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posed antenna in the X-Z and Y-Z planes, respectively
at 4.8 GHz, 5.6GHz, and 8 GHz. As shown in the Fig-
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method 
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[22] 50 ×35 ×1 3-11 linear <-25 0.004 
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structure 

[23] 80× 40×1.6 2.13-11.03 linear <-20 N/A  decoupling stubs 

[24] 
99.7× 

33.5×0.8 
2.9-7.1 3.1-6.35 < -20 0.003 

extended array element 

interval 

[25] 25×25×1.6 3-11 4-5.5 <-17 0.15 modified ground 

[26] 130×130× 1 1.175-5.79 1.75-4.46 N/A N/A N/A 
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Table 2: Comparison with related antennas
Ref. Overall

geometry
(mm3)

-10 dB
IBW

(GHz)

3 dB
ARBW
(GHz)

Isolation
(dB)

ECC Decoupling
method

[20] 40 × 40 ×
1.524

3.1-10.6 linear < -16 0.13 modified ground and
orthogonal arrangement

[21] 48 × 28 × 1.6 3-11.5 linear < -18 0.039 vertical placement
[22] 50 × 35 × 1 3-11 linear < -25 0.004 fence-type decoupling

structure
[23] 80 × 40 × 1.6 2.13-11.03 linear < -20 N/A decoupling stubs
[24] 99.7 × 33.5 ×

0.8
2.9-7.1 3.1-6.35 < -20 0.003 extended array element

interval
[25] 25×25 ×1.6 3-11 4-5.5 < -17 0.15 modified ground
[26] 130 × 130 ×

1
1.175-5.79 1.75-

4.46
N/A N/A N/A

[27] 56 × 32 ×3 5-6.6 5.1-5.85 < -20 0.02 parasitic periodic metallic
plates

[31] 32.5 × 42 × 1 3.6-13 5.2-7.1 < -18 0.02 defective ground structure
[34] 150 × 100 ×

0.8
2.5-2.55 2.5-2.55 < -20 0.003 decoupling stubs

[36] 35 × 16 × 0.8 3.1-5 linear < -22 N/A neutralization line
[39] 32 × 64 × 1.6 3.1-10.6 linear < -17 0.02 meander-line EBG
Proposed 25 × 51 × 0.8 3.1-13.5 4.7-6.1 < -18 0.01 defective ground structure

which may be due to processing errors, measured results
is consistent with the analysis results above.

The diversity performance of MIMO antenna can be
measured in terms of ECC (envelop correlation coeffi-
cient) and DG (diversity gain). ECC is a vital diversity
parameter that depicts the correlation or isolation of
related channels. ECC can be calculated by considering
the impact of all S-parameters. Formula (3) is a quick
way to calculate ECC. Usually, ECC below 0.5 is widely
adopted criterion for engineering [18].

ρe =
|S∗11S12 +S∗21S22|2

(1−|S11|2 −|S21|2)(1−|S22|2 −|S12|2)
. (3)

DG is described as an increment in signal to inter-
ference level and can be calculated by formula (4).

DG = 10
√

1−|ρe|. (4)

As shown in Figure 20, the ECC value of the antenna
is less than 0.01 and DG more than 9.95. Hence, the low
ECC and high DG indicate that the MIMO antenna has
favorable diversity characteristics to combat multipath
fading.

Table 2 shows the comparison between the proposed
antenna and antennas in the relevant papers. And it can
be seen that, the proposed CP antenna has excellent
performance parameters with more compact size, larger
bandwidth, and high isolation.
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V. CONCLUSION
In this paper, we propose a novel compact circularly

polarized ultra-wideband MIMO antenna. Compared
with common linearly polarized antennas, the proposed
antenna can excite CP mode for WLAN communication
and its impedance bandwidth can also fully cover UWB
spectrum. It has a very compact size and the dimension
is 25 × 51 × 0.8 mm3. The impedance bandwidth is
3.1-13.5 GHz, with average peak gain of 4 dBi, fully
covering UWB bandwidth and enhanced by 38%. At the
same time, CP is achieved by embedding two symmetri-
cal rectangular slot structures in the two opposite corners
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of every antenna unit and measured 3 dB ARBW is 4.7-
6.5GHz (1.8 GHz), fully covering WLAN band. Mean-
while, the MIMO antenna keeps high isolation, the diver-
sity characteristic ecc is lower than 0.01 and shows very
good isolation diversity characteristics. It can simultane-
ously operate in the UWB spectrum and exhibit CP radi-
ation characteristic in the band of WLAN. Research on
how to broaden the AR bandwidth in the entire UWB
spectrum is still very difficult. Currently, most can only
achieve circular polarization in some frequency bands.
And this will be the next step in our work. Overall, the
proposed antenna has the advantage of compact size,
broadband circularly polarization, enhanced isolation,
and easy fabrication.
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