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Abstract: In today’s era, miniaturized, low profile and easy in fabrication kind of antennas are preferred by the researchers. An Ultra-Wide
Band (UWB) MIMO antenna model is designed, analyzed, demonstrated, and fabricated in this paper. The antenna resonates from 1.8 GHz
to 11.6 GHz frequency range with moderate gain and efficiency over 80 %. The FR4 material is utilised to develop the cost effective
antenna. The ground structure having partial conducting strip is utilized to receive the wide bandwidth. An isolating strip geometry with
ground plane geometry is incorporated in the structure to shrink the inter element coupling effect among the radiating components of
MIMO antenna. All necessary MIMO output parameters such as Mean Effective Gain (MEG), Channel Capacity Loss (CCL), and Envelop
Correlation Coefficient (ECC) are analyzed and observed satisfactory. The design has been verified with the actual performance. The
software generated results and the machine generated results are having a very good co-relation. The proposed antenna covers 2.4 GHz,

3.5 GHz and 5 GHz frequencies which are well suitable for ISM band, WiMAX, WLAN applications.
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1. Introduction:

Before two decades, Ultra-Wide Band (UWB) antenna was
not investigated and presented due to unawareness
regarding its advantages. However, since last 20 years,
many researchers have paid their concentration in
developing the designing the UWB antennas [1]. In today’s
era, to design any antenna, the data rate must be higher to
fulfil current technology requirement. To improve the data
rate, the Multiple radiators based antenna is the suitable
candidate. In this antenna, more than one port could be
effectively utilised to increase the data rate such as 2x2,4x4
and 8x8 etc. MIMO elements. Due to multiple ports, several
ports are simultaneously used to transmit and receive the
data [2-4]. The researchers have analysed MIMO techniques
for UWB antenna designing. They have systematically
explained certain conclusions with various types of MIMO
for specific applications [5-8]. When more than one
radiating component is involved in a structure, mutual
coupling happens which reduce the antenna performance
significantly. While designing the MIMO elements, it is
highly required that sufficient isolation should be achieved
between the radiating components. Minimum 15 dB
isolation is acceptable for any geometry to receive optimum
response. Various shapes and techniques were adopted to
enhance the segregation level between inter radiators
MIMO structure such as defective ground plane, parasitic
geometries, diversity polarization, lines neutralization or
metallic barriers. In [9], 2x2 MIMO antenna was presented
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with defective ground structure technique to receive the
adequate isolation. Due to this, an isolation up to 30 dB was
achieved. The projected antenna designed for the C band
and X band communication applications. In [10], to increase
the isolation above 30 dB, U-shaped geometry has been
introduced between the two F-shaped radiators. This MIMO
antenna operates for WLAN applications. A miniaturised
UWAB structure consists of a two orthogonal elements were
discussed and presented in [11-14]. Here, to increase the
isolation level, a fork-shaped slot was created in bottom
layer. Due to this, the isolation is improved and reach up to
20 dB. In recent time, unique types of UWB antennas were
proposed for achieving higher isolation between the internal
ports. They have designed the structures with and without
notch filters [15-25]. Despite of 15 dB seperation, it is
advisable to achieve suitable isolation to receive the
adequate MIMO response. Electronic circuits could also be
implemented using conducting liquids [26,27].

2. Antenna Geometry:

The proposed antenna has been developed by performing
the systematic steps of antenna designing. The figure 1
illustrates the same. The development of two elements
antenna model having defected ground plane is visible in
figure 2 (a). The figure 1 (b) depicts the antenna view from
backside. The slots are introduced in both the radiators to
increase the fringing effect. The certain dimensions
microstrip lines are provided to excite the antenna. The
detailed dimensions are shown table 1. The substrate has
been developed from low cost FR4 material. The partial
ground plane was introduced to receive ultra-wide band
which could cover wide range of frequencies. A simple
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microctrip line is added with the bottom layer geometry to
expand the isolation level between the conducting ports.

U —

Finalization of structure Comparison of simulated
dimensions and actaul results

Literature review and l, L

finalizatin of applications

\l/ Adequate End

Designing of presented results ?

antenna in frequency simulator

¢ 2

Prametric study for analysis of

antenna performance Fabrication of prototype

Fig 1. Systematic antenna designing

Table 2. Detailed measurements
Parameters | Measurements | Parameters |Measurements
(mm) (mm)
L1 2 w 50
L2 2 w1 25
L3 2 W2 3
L4 2 W3 1.45
L5 15 W4 2
L 39 - -

(b) View from back

Radiating ports
at top surface

\‘ Substrate height (1.6 mm)

Partial ground plane
at bottom surface

w
(@) View fromtop

(c) Bird eye view

Fig 2. Antenna design
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Fig 3. Systematic MIMO antenna designing

The systematic antenna development is given by figure 3.
After every designing iteration, the response has been
recorded to analyse the particular design. The figure 2 (x),
(y), (2) and (w) depict the stage I, II, 11l and 1V respectively.

(w) Front view

(x) Rear view
Fig 4. Fabricated antenna model

The antenna view from top and from back of actual MIMO
antenna model could be seen in figure 4 (a) and (b)
respectively.

3. Result and Discussion:

The developed design is fabricated and measured. The
design was first developed using frequency based
simulation software. The software generated and actual
return losses were compared for systematic analysis. The
figure 5 represents the antenna responses from phase by
phase antenna designing. It is noticed through comparison
graph that having the projected antenna design, the response
and promising. The figure 6 depicts the graph of comparison
aforesaid comparison. The measured graph is having very
good correlation with the simulated graph. Certain sets of
experiments are performed to receive the adequate trade-off
between the antenna size miniaturization and output
parameters. It is seen from the graph of reflection
coefficients that the MIMO antenna elements are having
satisfactory isolation level. The MIMO structure radiates
from 1.8 GHz to 11.6 GHz frequency band where all
targeted resonances are covered for specific applications.
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Fig 6. Graph of reflection coefficient Vs. Frequency
4. MIMO Diversity Characteristics:

Necessary all diversity parameters of proposed MIMO
structures are carried out and presented through figure 7.
Mean Effective Gain (MEG), Channel Capacity Loss
(CCL), and Envelop Correlation Coefficients (ECC) were
carried out for resonating band. The threshold level of data
transmission rates could be predicted by close observation
of CCL. The depicted CCL values for targeted resonance are
below 0.4 bits/sec/Hz. The MEG is nearer to the one for both
adjacent and diagonal elements. The correlation factor could
be depicted from Envelope Correlation Coefficient (ECC).
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Fig 7. Received response from antenna (i) CCL (ii) MEG
(iii) ECC

The figure 8 shows the graph of gain and efficiency against
the resonating band. Despite of having ultra-wide band
response the antenna exhibits moderate gain which is above
2 dBi. The proposed antenna structure is efficient and offers
at least 80% efficiency for the targeted band.
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Fig 8. Gain Vs efficiency

The fabricated model has been fixed inside anechoic
chamber to receive the actual accurate response. The
anechoic chamber is having the dimension of 5m x 5m x 5m.
One port is fixed with the anechoic chamber where the other
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port is connected with 50 (2 terminator. The setup is shown
using figure 9.

Fig 9. Antenna testing setup

The figure 10 (p), (q) and (r) depicts the 2D radiation pattern
for targeted frequencies. The figure illustrates the radiation
in favourable direction and undesired direction graphs. The
satisfactory isolation is received between the co-pol and
cross polarization.
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Fig 10. 2-D Radiation pattern
5. Conclusion:

An Ultra Wide-Band 2 x 2 MIMO was developed and
proposed in this paper. To minimize the inter coupling effect
amongst the conducting ports, a microstrip geometry is
developed and united with ground structure. A limited
ground plane is incorporated to receive the ultra -wide band
which could cover several frequency bands. The flame
retardant material makes the antenna design cost effective.
The software generated reflection coefficient values were
compared with actual results. There was a very close
agreement between those values. Apart from return losses,
other output parameters such as MEG, CCL, ECC, were also
carried out found satisfactory. The presented antenna
exhibits adequate response which includes for 2.4 GHz, 3.5
GHz and 5 GHz frequencies for ISM band, WiMAX and
Wireless LAN applications.
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