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Abstract

In this paper a spiral-shaped monopole like MIMO/Diversity antenna is proposed for mobile handsets. The
proposed MIMO antenna covers the frequency bands LTE700 (777-787), GPS-L1 (1565-1595), and WLAN (2400-
2480). The isolation between ports is below -20dB for LTE, -21dB for GPS-L1, and -18 dB for WLAN band
respectively. The isolation between ports is achieved through DGS (Defected Ground Structure) and it is design by
double rectangular ring shaped slot structure. The envelope correlation coefficient (ECC) is below 0.05 and
diversity gain is almost 10 for all three bands, which meets the good diversity performances. The proposed antenna
is characterized by the S-parameters, surface current distribution, diversity performances, and radiation patterns.
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1. Introduction

The use of multiple antennas to provide antenna
diversity over a point-to-point wireless link has been
studied extensively since the early 1960s. It is still a
popular research topic for improving energy efficiency
through the use of both transmits and receives diversity.
Antenna diversity is a well-known technique to enhance
the performance of wireless communication systems by
reducing the multipath fading and distortion of the
channel [1]. Multiple-input and multiple-output
(MIMO) communication systems have received much
attention as a diversity scheme in wireless mobile
communication. They can substantially increase the
wireless channel capacity in scattering environments
without the need for additional power [2-6].

The Long-Term Evolution (LTE) service [7] can
provide a better mobile communication quality than the
existing GSM and UMTS services, mobile devices are
desired to be able to cover the existing service bands
and LTE bands at the same time. Some diversity
antenna has been demonstrated for mobile terminals to
cover the wireless frequency bands
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LTE/PCS1900/WLAN/GPS with high isolation between
ports [8-10]. To realize an effective MIMO system, it is
necessary to have a sufficient number of uncorrelated
antennas at each end of the link. However, it is usually a
big challenge to place multiple antennas within a small
and slim mobile handset while maintaining good
isolation between the antenna elements, because the
antennas are strongly coupled with each other and even
with the ground plane, they share the surface currents
distributed on the ground plane.

The printed monopole antennas are widely used in the
MIMO communication systems for their advantages of
low cost, easy fabrication, and good performance. To
obtain the predicted high signal capacity, the mutual
coupling between the antennas in the MIMO
communication systems should be low enough, and the
high isolation makes uncorrelated signals among the
antennas [11]. Usually, low coupling can be obtained by
separating the antennas at a distance of half a
wavelength or more, but this is impractical in the mobile
terminals, so a lot of methods have been studied to
reduce the mutual coupling between the closely spaced
monopole antennas [12-15]. Most of them used parasitic
element , neutralization line, and decoupling techniques
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for isolation improvement, which are occupied more
space on mobile circuit board. So to avoid this
limitation here we use DGS for isolation improvement.

Here, we present the compact spiral-shaped
monopole MIMO/Diversity antenna with high isolation
between its ports for mobile handsets. The proposed
antenna is formed by a coupled-fed spiral-shaped loop
antenna. The antenna is design corresponding to A/4 at
lower resonating frequency 780 MHz. The total
electrical length is A/4, where A is wavelength at lower
resonating frequency. The proposed antenna are tri-band
to cover the frequency band LTE700 (777-787), GPS
L1 (1565-1595), and WLAN (2400-2480) with high
isolation (<-20 dB) for all three desired band of
operations. The isolation between its ports is achieved
through DGS. It is created between two MIMO antenna
elements on the ground plane, which plays a significant
role in providing the high isolation by preventing the
current flows on the ground plane to reach the other
antenna. The envelope correlation coefficient is well
below 0.05.

2. Configuration of Antenna

Figs. 1(a) and (b) shows the front and back view of the
proposed on-board small size tri-band MIMO antenna
for the LTE700/GPS L1/WLAN bands operation in the
mobile phone. Detailed dimensions of the proposed
antenna are shown in Fig. 1(c) all the dimensions in
mm. Owing to the small size, the MIMO antenna is
disposed on two corners only, without occupying the
entire edge, of the system circuit board. These two
radiating elements, which are placed at corner of circuit
board regarded as Antennal and Antenna 2. In the
study, a 0.8-mm thick FR4 substrate of relative
permittivity 4.4 and loss tangent 0.024 is used as the
system circuit board. The proposed monopole is printed
on the no-ground portion of size 10 x 50 mm? on the
main circuit board of the mobile phone, and the system
ground plane of size 80(Lgnd) x 50 (Wsub) mm? is
printed on the back side of the circuit board.

The antenna is mainly composed of a driven monopole
and a coupled fed spiral shaped resonating strip. The
driven monopole (printed on FR4) is of an I-shape, and
its feeding point (point A) is connected to a 50Q SMA
(Sub Miniature version A). The driven monopole alone
(that is, the coupled spiral strip is not present) can
support a resonant path of about 12 mm, thus providing
a quarter- wavelength resonant mode at about 6.5 GHz
that is not concentrating part of our design. When the
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spiral-shaped monopole is couple fed with driven
monopole, so the lower resonating mode is being
appeared in surface current distribution plot as shown in
Fig. 2(a) at frequency 780MHz. At the same time
monopole antenna produces higher order modes which
is responsible for GPS L1 and WLAN frequency band
as shown in surface current distribution plot Fig. 2(b)
and Fig. 2(c) respectively. The isolation between
monopole MIMO antennas is achieved through DGS,
which is design with double rectangular ring shaped slot
on system ground plane as shown in Fig. 1d. Which
play significant role to preventing ground surface
current between MIMO antennas ports. The optimized
parameters for antenna element are given in Fig 1(c).
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Fig.1(a)Front view (b) Back view (c) Details of single antenna
element (d) Details of DGS, where Wt=0.8mm, a=3mm,
b=3mm, c=6mm.

L.

(b)

1. 4810 +0E0
8. BES1e-GEL
= p——

(c) .

Fig. 2 Surface current distribution at (a) 780MHz, (b)
1575MHZ, and (c) 2450MHz.



3. Results and Discussion

The  optimized S-parameters ~ for  proposed
MIMO/Diversity antenna system are shown in Fig. 3. It
is observed that the impedance bandwidth
(Isy;1 < —e aB) can cover the LTE band 13 from 777-
795 MHz, GPS L1 from 1565-1595MHz, and WLAN
from 2.4-2.48 GHz and an isolation between its ports is
below -20dB for LTE700 and GPS L1,-18dB for
WLAN band.

3.1. Parametric Study

The parametric investigations have been done for
optimization of the shape parameters of antenna. All the
simulations have been done on HFSS (High Frequency
Structure Simulation) software [16].

Fig. 4 shows the effect of rectangular ring shaped slot
on ground plane. It is clear from plot without DGS the
isolation between ports is -20dB for LTE700, -10dB for
GPS L1, and -6dB for WLAN band. When we defect
the ground plane with single rectangular ring shaped
slot, the isolation improved at WLAN band only while
isolation at other two bands remain same. But when the
ground is defected with double rectangular ring shaped
slot (proposed structure) then we found the isolation
below -18dB for the all three band.

In Fig. 5, the effect of parameter a which is position of
outer ring slot from end of the ground. It is observed
that when the position are shifted down word then
isolation decreases at WLAN band whereas the isolation
for GPS L1 improve. The optimized position of outer
ring from end of the ground plane is 3mm at which we
found better isolation for entire bands of operation.

From Fig. 6, it has been observed that when thickness
(W) of slots on ground plane increases then isolation
between ports is increases but after a certain value it
start decreasing. The optimized value of thickness of the
slots is 0.8mm for this value we found high isolation
between it ports.
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Fig. 3 Optimized S-parameters for proposed Antenna.
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Fig. 4 Effect of slots on ground plane.
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Fig. 5 Effect of parameter & on S-parameters.
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Fig. 6 Effect of slots thickness W1t on S-parameters.

3.2. Diversity Parameters

3.2.1 Envelope Correlation Coefficient (ECC)

We can calculate the correlation coefficient by using
far-field pattern data [17] and the S—parameters [18-20]
but the calculation of ECC is time consuming with the
help of far field data because this involve integral
equations, which are experimentally and numerically
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time-consuming. To make easier calculation of ECC we
use S-parameters formula which has been derived in
[18-20], i.e.

2

|511512*5225§1
1*‘531*5%1‘)@*‘5%2 *5122‘)

Pe = [ (]_)
Fig. 8 shows the simulated ECC versus frequency when
using above equation. The simulated values of the ECC
is below 0.05 which meets good diversity performances.

3.2.2 Diversity Gain

We will look at the relation between the correlation
coefficient g, and the apparent diversity gain Ggyp of @
two-antenna system. The following approximate
formula applies [20].

2

Gapp=10*ppWith pP,= 1—|pe o)
where 10 is the maximum apparent diversity gain at the
1% probability level with selection combining, and p, is
an approximate expression for the correlation
efficiency, i.e. the reduction in diversity gain due to
correlation between the signals on the two branches.
This formula is not very accurate for correlations as it is
close to unity when compared with the more accurate
formulas in [21]. However, if we scale p, with a factor
0.99, the formula becomes

p,=L-0.99%p [ ®)
which differs from the more accurate expression for the
apparent diversity gain at the 1% probability level by
<0.1 dB. The envelope correlation coefficient, and
diversity gain at 1% of the probability level by <0.1 dB
are listed in Table 1. The calculated result in Table 1
satisfy the criteria of low correlation (p.<0.5) , and good
diversity performance can be expected in practical
multipath environments.

3.3. Radiation Patterns

The radiation patterns of the proposed MIMO antenna
system are simulated (HFSS) at 780MHz, 1575MHz,
and 2450MHz. During the simulation only one antenna
is excited whereas other antenna is matched terminated
with 50-Q load. The simulated patterns at three
resonating frequency are given in Fig. 9. From the 3D
radiation pattern, it has been observed that the radiation
patterns not only complimentary space region but also
have omnidirectional pattern. Due to complimentary
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space pattern, the proposed monopole MIMO antenna

shows pattern diversity characteristics.
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Table 1 Diversity performances of MIMO

antenna.
Frequency (GHz)  Envelope Correlation Diversity Gain
Coefficient (ECC) (1%) (dB)
780 0.0008 9.999996
1575 0.002 9.999979
2450 0.0007 9.999846

4. Conclusion

A spiral shaped monopole antenna is proposed with
high isolation. The proposed antenna covers the
frequency band with reference to -6dB return loss
LTE700 (777-787MHz), GPS L1 (1565-1600MHz), and
WLAN (2.4-2.40GHz). The isolation between ports is
below -20dB for LTE and GPS L1, while isolation for



WLAN band is below -18dB. The envelope correlation
coefficient for proposed antenna is below 0.05 and
diversity gain is almost 10 which meets the good
diversity performances. The pattern of proposed MIMO
antenna follow pattern diversity.
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