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Abstract- A tablet MIMO antenna with a wave-trap for
LTE/WiMAX applications is presented. To improve the isolation
between the two radiating elements of MIMO antenna, added a
wave-trap slot on the ground plane. The isolation is improved by
approximately 20 dB at the LTE700 frequency. The design
MIMO antenna satisfies a 6 dB return loss requirement and the
obtained envelope correlation coefficient (ECC) is lower than 0.1
from the LTE (700) and LTE/WiMax (2300-2700). The method

can be accurate operation at LTE/WiMax communication system.

Index Terms — MIMO, LTE, WiMax, coupled-fed, antennas,
ECC

I.  INTRODUCTION

Current wireless communication systems require higher bit
rate transmission to support various multimedia services. A
multi-input multi-output (MIMQ) system has been regarded as
a promising solution, since it can increase the channel capacity
without sacrificing spectrum efficiency or consuming
additional transmitted power [1]. In MIMO system, two or
more antennas are used on both the transmitter and receiver
sides. A critical point is to arrange compact antenna elements
without impairing antenna performance and system
requirement within a compact space. To do that, low mutual
coupling or high isolation between adjacent antennas is a key
factor. However, the antenna elements are strongly coupled
with each other as well as with the ground plane, because they
share the common surface current. Several techniques have
been introduced to improve the isolation characteristic, such
as employing protruded T-shaped ground plane [2], protruded
ring strip ground plane [3], protruded ground plane and a
spiral open slot [4], protruded a wave-trap ground plane[5],
guarter wavelength slot on the ground plane [6], and notches
on the ground plane as resonator [7]. These structures provide
conspicuous decoupling effect, but suffer from complicated
structures and large structural area. They cannot be applied for
LTE mobile application with restricted space available for the
antennas.

In this paper, we propose a MIMO antenna with application.
To improve the isolation characteristic at the LTE700, a wave-
trap slot is added on the ground plane.

Il. ANTENNA DESIGN

The configuration of the proposed MIMO antenna is shown
in Figure.1l. The proposed MIMO antenna include two
radiating elements, the wave-trap slot on the ground plane,
and FR4 substrate (= 4.4) with thickness of 0.8 mm.

55mm

150mm

b
v

- bending
3{ line
v 4
254 73 » 415

. T
o stripl

feedingpoint/ B

Figure.2 Antenna body.

Figure.3 The wave-trap slot slot.

The two radiating elements of the MIMO antenna were
symmetrically placed with respect to the center and were
located near the corners of the top edge of the ground plane as
shown in Figurel.consists of a wave-trap slot on the ground
plane.Figure.2 shows the geometry of the proposed
LTE/WiMax coupled-fed loop antenna. The loop antenna
comprises an inverted L-shape radiating feed and dual coupled
shorting-strip connects to display ground. One is for lower



band LTE (700) and the other is for higher bands
(LTE2300~2700,WiMAX), The antenna is mainly printed on
a 0.8mm thick FR4 substrate of dimension(10 x 55 x 3 mm?),
relative permittivity 4.4, and loss tangent 0.024.

On the top edge of the FR4 substrate (cleance area), the
printed metal pattern mainly includes the inverted L-shape
radiating element, the main section and banding section. The
banding section of the radiation element has a size of 3 x 55
mm?2, which is connected orthogonally to the printed pattern
main section on the FR4 substrate. The main section has three
parts , the first part is the coupled-fed (length 37.5 mm and
width 2.5 mm) connect to the feeding point and second is
lower band strip which is connect banding section and
meandering line, the coupling gap to the inverted L radiating
feed is 1.5 mm. From the major part of the coupled shorted
strip, this has a length of about 79.5 mm (AB) which can
operate at its quarter-wavelength mode as the lower resonant
mode, which occurs at about 735 MHz in the proposed design.
The last one is another coupled shorted strip, which has a
length of about 22 mm (CD) and is coupled fed through the
coupling section (length s % 15.5 mm) and the coupling gap (g
% 1 mm) by the inverted L radiating feed. With the coupling
feed, the antenna can operate at its quarter-wavelength mode
which occurs at about 2300 MHz in the proposed design
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Figure.4 The time-averaged current distribution and ground plane at 750 MHz.

(a) without the wave-trap slot (b) with the wave-trap slot.

The configuration of the proposed a wave-trap slot on the
ground plane is shown in Figure.3. To improve the isolation
between two symmetrical radiators, a slot on the ground plane
is used. The wave-trap slot can hinder the current of the
antenna, so that the antenna current interference becomes
small and increasing the isolation. In designing the wave-trap
slot, a wave-trap slot on the ground plane of the FR4 substrate
is symmetrically printed with respect to the center of the
ground which size is 67 x 4 mm?2.

To investigate the effect on the isolation characteristic, the
current distributions at 750 MHz with and without the wave-
trap slot on the ground plane are shown in Figure.4. When the
wave-trap slot on the ground plane was exited, a substantial
current was induced at the other element. After the wave-trap
slot on the ground plane was added, the induced current on the
non-excited element become very weak.

I1l. EXPERIMENTAL RESULTS

Figure 5 shows the measured and simulated S-parameter of
the proposed antenna. The simulated are obtained using the
three-dimensional full-wave electromagnetic field simulation
HFSS [8].The measured results are very similar to simulated
ones. The fabricated MIMO antenna has an impedance
bandwidth of the return loss < 6 dB over the whole LTE 700+
LTE/WiMax (2300-2700) and the isolation is higher than 20
dB at the center frequency.
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Figure.5 Measured and simulated S-parameter of the proposed antenna.

Antenna correlation calculation procedure is provided by
appropriate methods of analysis [9-15]. The method of
calculating envelope correlation of elements in each antenna
array configuration is based on a fundamental Equation (1)
that requires 3-dimensional radiation pattern considerations.
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Equation (1)

The parameter is the field radiation pattern of the antenna
system when only the port 1 is excited and the port 2 is
terminated to 50 Q load. The symbol “® also denotes the
Hermitian product [9] [15].

Recent research activities have shown that the envelope
correlation can be well defined by a simple closed-form
equation that relates the scattering parameters of the elements
in an antenna array configuration. Especially, in case of a
multipath indoor environment with a uniform distribution of



Equation (2) is proved to be a good approximation [9]. For
two antenna elements this equation using the scattering
parameters becomes:
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Equation (2)

It is obvious that radiation pattern in Equation (1) makes the
calculation more complicated than the envelope correlation
calculations based on in Equation (2). The practical advantage
of the third method that is based on second equation is that not
only is quite simple to use it experimentally, but also provides
sufficiently —accurate results in  many experimental
environments such as in-door environments with rich
multipath propagation performance.

Figure.6 show the ECC of two antennas, the obtained ECC
is lowers than 0.1 from measured S-parameters and is
sufficient for MIMO applications.
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Figure.6 ECC of two antennas given by the obtained from measure S-parameters.

Figure.7 shows the measured antenna efficiency of the
proposed antenna. The measurement is conducted in a far-
field anechoic chamber, and the measured antenna efficiency
includes the mismatching loss. The antenna efficiency is about
80-60% and 75-40% in the antenna’s lower and upper bands,
respectively, which are acceptable for practical applications.
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Figure.7 Measured antenna efficiency (mismatching loss included) of the proposed antenna

The measured 3D-radiation pattern of fabricated MIMO
antenna was measured in the ETS chamber[16] and the 746.
2500 results are presented in Figure.8.
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Figure.8 Measured 3D radiation patterns of the proposed antenna.

Figure.9 shows the S-parameter characteristics for various
lengths (d) of wave-trap slot. Choosing the proper dimension
of the wave-trap slot is very important because the isolation is
strongly dependent on the length of the wave-trap slot. When
the length d is increased, the improved isolation frequency
band shifts to a lower frequency band. The optimized value of
dis 67 mm.
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Figure.9 Simulated S-parameters characteristics for the proposed MIMO antenna for various values of

“dr



CONCLUSION

In this paper, MIMO antennas with improved isolation
using a wave trap slot on the ground plane for LTE mobile
application are proposed. The wave-trap slot is added on the
ground plane to improve the isolation characteristic. The
proposed MIMO antenna has a 6 dB return loss bandwidth and
the isolation characteristic is higher than 11 dB over the whole
LTE 700. LTE/WiMax (2300-2700). The obtained envelope
correlation coefficient(ECC) was less than 0.4. Therefore, the
proposed a wave-trap slot on the ground plane, can be a good
candidate for MIMO antenna system requiring high isolation
characteristic.
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