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Abstract—This paper demonstrates a compact MIMO (Multi
Input Multi Output) fractal type antenna for ultra-wide band
applications. The proposed antenna is manufactured on a low-
cost substrate material and the design is analyzed for various
iterations in terms of reflection coefficient, gain, and band-
width. The 50 Q transmission line feed is used for both fractal
patches and a metamaterial structure is used as the ground
plane. The proposed design achieved a wide-band frequency
response between 5.8 and 15 GHz, with the reflection coeffi-
cient of less than —10 dB. Reduced mutual coupling, positive
gain and stable radiation patterns were observed through-
out the operating band as well. The bandwidth of 9.2 GHz
is achieved with the use of a metamaterial structure on the
ground plane. The ECC and diversity gain obtained prove
the excellent diversity performance of the antenna. The de-
sign was simulated using HFSS software and was tested in
a lab.

Keywords—HF'SS, metamaterial, mutual coupling, permittivity,
reflection coefficient

1. Introduction

A microstrip patch antenna is one of the most popular types
of printed type aerials. It plays a significant role in today’s
world of wireless communication [1]. Due to its minia-
ture size, low cost of manufacturing and light weight, such
a type is preferred over other antennas in many applica-
tions [2]. Microstrip patch antennas offer numerous advan-
tages and many other technologies have been invented for
bandwidth enhancement and high gain [3].

A MIMO antenna is one of such technologies, where mul-
tiple antennas are used forming a system at the transmitter
and the receiver, improving the quality of wireless commu-
nication by link multiplication [4]. MIMO is relied upon to
explore high performance and low-cost antenna layouts, as
well as to support multimedia services with high channel
capacities and transmission speeds [5]. The main advan-
tage of this type of antenna is that it is capable of send-
ing and receiving data via multiple channels at the same
time, without any need of additional radiation power and
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additional spectrum bandwidth utilization [6]. For antenna
designers, it is very challenging to design a MIMO antenna
with multiple patch elements on the same substrate [7], i.e.
to achieve proper spacing between the individual elements
in order to avoid mutual coupling [8], and to ensure good
isolation within the wide frequency band.

In this paper, a compact fractal MIMO antenna for UWB
applications is designed with a metamaterial structure serv-
ing as the ground plane. Fractal geometry is used for minia-
turization purposes and to increase the perimeter of the
patch. The metamaterial structure helps in enhancing the
bandwidth of the antenna and in boosting performance in
terms of impedance matching, bandwidth, and peak gain.
Because of the maximum miniaturization potential, the
spaces between radiating components are very small, and
coupling between them is calculated to achieve a good di-
versity performance attained due to the use of the metama-
terial structure. The design is worked out and optimized
with the use of HFSS software.

2. Antenna Geometry

The design is based on a typical FR4 substrate material.
The design process incorporates four iterations to obtain the
correct fractal structure (Fig. 1). The process begins with
a monopole antenna using a hexagonal slot. In the course
of the iterations, another hexagonal slot is loaded into the
previous fractal iteration and so on. The design process is
limited to four iterations due to fabrication-related issues.
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Fig. 1. Fractal iterations of the antenna design.
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By using a circular monopole, the radius of the hexagonal
patch is derived from:

R= d ; ey
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{1+ 2% +1.7726] }
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where:
_8.791-10°
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The final MIMO antenna is shown in Fig. 2. The bottom
layer of the antenna contains the metamaterial split ring res-
onator structure (Fig. 3), comprising two rectangular rings
with a split on either side of the rings. This structure is
developed by removing the inner middle part of the ground
and inserting another rectangular ring inside the outer ring.
Together, the inner ring and the outer ring form the split
ring structure.

@

W=30 mm

A
A\

<>
G=2mm
L=30mm
T; =13 mm
<>
Ty =2mm
Fig. 2. Final MIMO antenna design.
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Fig. 3. Split ring resonator on the lower side of the substrate.

3. Results and Discussions

The comparison of the return loss parameter for all four
fractal iterations is shown in Fig. 4. The minimum return
loss value is achieved in the last iteration. Upon compar-
ing the outcomes, it becomes obvious that as the iteration
number increases, a good impedance matching is observed
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between the feed line and the patch. Simulation results
show that the operating band of 5.8—-15 GHz is obtained.

10 4 Iteration 1

Return loss [dB]
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Fig. 4. Return loss comparison of each iteration. (For color
pictures see the digital version of the paper).

Figure 5 shows the simulated gain of the proposed antenna
for all four iterations. Positive gain is observed throughout
the entire operating band. The highest gain of 6.2 dB is
observed at 14 GHz. It is also noticed that there is not much
difference in the gain as the iteration number increases.

Iteration 4

5.0 7.5 10.0 12.5 15.0
Frequency [GHz]

Fig. 5. Frequency vs. gain of the proposed antenna.

Figure 6 presents radiation patterns at E plane and H plane
at 5, 8 and 12 GHz, respectively. It shows that the H plane
pattern is omnidirectional and that the E plane pattern is
bidirectional, therefore forming a stable pattern.

The fabricated prototype of the proposed antenna is shown
in Fig. 7. It has the overall dimensions of 30x30x 1.6 mm.
The gap between two radiators is just 2 mm. A bigger gap
between the radiators might lead to an increase in over-
all antenna dimensions. The antenna is designed in such
a way that good isolation is ensured between the radiat-
ing elements, despite the fact that they are placed in close
proximity to each other.

Figure 8 illustrates the measured performance of the MIMO
antenna that is compared with the simulation data. Both
the simulated and measured parameters are nearly the same
and prove that the solution is suitable for UWB applica-
tions. Figure 9 shows the measured and simulated mutual
coupling characteristics of the antenna. The measurement
shows that the coupling between the two elements is below
—25 dB. In addition, it was observed that the use of SRR
structure reduces the coupling from —10 dB to —25 dB.
In Fig. 10, the measured and the simulated peak gain is
illustrated for different frequencies.
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(a)

180°
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Fig. 6. Measured radiation patterns at: (a) 5 GHz, (b) 8 GHz,
and (c) 12 GHz of (blue line: E plane and red (dashed) line:
E plane).

Fig. 7. Fabricated prototype of the antenna.

Figure 11 presents the distribution of surface current on
the radiating elements and on the metamaterial structure at
3 frequencies: 5, 8 and 12 GHz. This pattern is obtained
using the HFSS simulator. The magnitude of the antenna’s
surface current is displayed in different colors, and the mag-
nitude levels with their corresponding colors are shown in
the legend, next to each diagram. The blue color at the bot-
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Fig. 8. Simulated vs. measured return loss of the proposed
antenna.
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Fig. 9. Isolation characteristics between the radiating elements:
(a) without SRR and (b) with SRR.
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Fig. 10. Peak gain vs. frequency of antenna.

tom of the legend box correspond to the minimum surface
current and the red color shows the maximum current. In
Fig. 10a, the fractal portion is yellow in color at 5 GHz
indicating high current distribution, whereas in Fig. 10c,
the fractal portion is blue in color at 12 GHz, indicating
relatively low surface current distribution. Therefore, cur-
rent intensity is high at low frequencies, in comparison to
high frequencies.

The capability (diversity performance) of a MIMO antenna
may be validated using the ECC parameter. Based on S pa-
rameters, ECC may be calculated using [15]:
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Fig. 11. Current distribution at: (a) 5 GHz, (b) 8 GHz, and (c¢) 12 GHz. (For color pictures see the digital version of the paper).
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Ideally, the ECC value should be zero, but the typical limit
is <0.5. For the desired antenna, the ECC is below 0.025
over the frequency range of 6 to 15 GHz, as shown in
Fig. 12 and remains within the aforementioned limit.
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Fig. 12. ECC plot.

The effectiveness of diversity can be assured based on
another important parameter, known as diversity gain
(DG). DG is a function of ECC and may be calculated

DG of the desired antenna is illustrated in Fig. 13 and
equals almost 10 dB.
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Fig. 13. Diversity gain.

The comparison of performance the proposed antenna
with other designs known from literature is shown in
Table 1. The proposed solution is compact compared to
other designs and supports the maximum frequency range
of 15 GHz. While the percentage bandwidth may be higher
in a few other papers, the proposed design offers the best
isolation of —25 dB with good ECC and diversity gain.
The spacing between two radiating elements is just 3 mm.
When compared with other available designs the cou-

using [15]: pling between the elements is reduced significantly, despite
the fact that the elements are placed very close to each
DG =10-4/1-10.99-ECC|* . “) other.
Table 1
Comparison of performance of the designed antenna
and of other solutions proposed in literature
Ref D . Frequency Bandwidth Isolati B ECC DG [dB
eference imensions [mm] band [GHz] percentage solation [dB] [dB]
[9] 45%37 3.1-5 47 <—12 <0.5 NA
[10] 50x30 2.5-14.5 141.17 <-17 <0.04 >74
[11] 40x 80 4.5-8 56 < =20 <0.02 >9.94
[12] 3568 3.1-10.65 109.89 <—16 <0.04 NA
[13] 40x40 3.1-11 112 < =22 <0.02 >9.98
[14] 48x48 3-11 114 <—17 NA NA
Proposed
. 30x30 5.8-15 90 < —-25 < 0.025 >99
solution
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4. Conclusion

A compact MIMO antenna is proposed and analyzed in
this paper for four fractal design iterations. The obtained
bandwidth is 9.2 GHz with a maximum gain of 6.2 dB at
14 GHz and with a reduced mutual coupling of —25 dB
throughout the operational frequency. The antenna has
a bidirectional pattern of radiation in the H plane and an
omnidirectional pattern along the E plane. The stable radi-
ation patterns, coupling characteristics and reflection coef-
ficients show that the antenna may be used for ultra-wide
band applications. Also, the obtained ECC and DG values
prove good diversity performance. The impedance band-
width of this MIMO antenna is suitable for WiMAX and
WLAN applications as well.
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