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Abstract

Dual port, aperture coupled and tapered fed patch
antenna with high isolation is proposed for full-duplex
2.4 GHz ISM applications. This antenna can achieve a
measured isolation of around 60 dB at 2.4 GHz and iso-
lation band of 2.3-2.6 GHz for more than 59.5 dB. Such
a high isolation surpasses the isolation performance of
dual-port antennas available in the literature.
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1 | INTRODUCTION

Full duplex radios allow simultaneous transmission and
reception of signals with a single antenna. It has numerous
advantages over the traditional frequency division duplex
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(FDD)/time division duplex (TDD) radios like higher spec-
tral efficiency. One of the major issues with in-band full
duplex radios is the cross-talk of the transmitter and receiver
ports when employing a single antenna. This can be tackled
by employing dual-port antenna with high isolation between
port 1 and port 2. Few such antennas have been proposed in
the literature.'™ The reported maximum measured isolation
for those antennas are 55 dB, 64 dB, 42 dB, 50 dB, and
48 dB, respectively. An ACS-fed dual-band antenna for
2.4/5.8 GHz WLAN applications have been proposed,’
which size is very compact and has omnidirectional radiation
patterns.

Diplexer with high isolation’ is used in conjunction with
a single antenna for transmission and reception of radio sig-
nals. But the transmission and reception frequency bands are
different. Isolation improvements for patch antenna are
reported in Refs. ®° But such isolation improvements are
meant for reducing mutual coupling in antenna arrays. To
the best of the authors’ knowledge, there are no reported
dual-port antennas with single patch of isolation more
than 64 dB.

In this paper, we will report a dual-port antenna whose
port 1 is aperture coupled fed and port 2 is microstrip
tapered fed. Such a compact antenna can achieve maximum
measured isolation of 67.5 dB around 2.3 GHz. It has mea-
sured isolation bandwidth of 2.3-2.5 GHz with isolation
more than 59.5 dB. This antenna can be used for full duplex
ISM operation. In section 2, we will present the antenna
geometry, we will provide the antenna simulation and exper-
imental results in section 3 and conclusion is drawn in
section 4.

2 | ANTENNA GEOMETRY

The geometry of the proposed antenna is shown in
Figure 1A,B. From Figure 1A, we can see that the port 1 is
aperture coupled fed, which gives better isolation and port
2 is microstrip tapered fed for better impedance matching.
Note that we have not used inset fed microstrip antenna
since the cross-polar components will be higher for such
feed lines. For edge fed antenna, the antenna impedance at
the edge is much higher than 50 Q, hence the width of the
rectangular microstrip feed line is so thin, thereby, it was not
possible to connect and match the impedance to the SMA
connector properly. Hence, a tapered feed line'®!" has been
used for matching such high impedance at the edge to 50 Q
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FIGURE 1 Geometry of the proposed antenna: (A) top view,
(B) side view (layer wise for easier illustration), and (C) fabricated
prototype [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Sl versus frequency of dual-port patch antenna

[Color figure can be viewed at wileyonlinelibrary.com]
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planes of two FR4 boards will reflect even better than a sin-
gle ground plane. Hence a very high isolation can be
achieved.

The dimensions of the antenna are L = 60 mm,
W =62 mm, L, = 26.5 mm, W, = 29 mm, L, = 42.75 mm,
L, =12 mm, Wy; = 3 mm, Wy, = 3 mm, and Wz = 0.2 mm.
The slot length and width are chosen as L; = 13 mm and
W, = 0.9 mm, respectively. Layer by layer illustration of the
proposed antenna is shown in Figure 1B. From bottom to
top, the layers are: microstrip feed line (1st layer), FR4 sub-
strate (2nd layer), ground planes 1-2 with slot (3rd layer),
FR4 substrate (4th layer) and radiating patch with microstrip
feed line (5th layer). The fabricated antenna on FR4 sub-
strate of €. = 4.4, loss tangent = 0.02, and thickness
h = 1.6 mm is shown in Figure 1C. Since there are two FR4
layers, the total thickness of the proposed antenna is
3.2 mm. This antenna is very compact and its overall size is
60 X 62 x 3.2 mm’.
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FIGURE 5 E-plane radiation pattern (port 1) of the dual-port
patch antenna at 2.4 GHz [Color figure can be viewed at
wileyonlinelibrary.com]

3 | RESULTS AND DISCUSSION

The HFSS simulated and measured results of IS;;| versus fre-
quency and ISyl versus frequency are depicted in Figures 2
and 3, respectively. The measured 10 dB bandwidth for ISy;!
and ISyl are approximately 2.4-2.5 GHz and
2.33-2.55 GHz, respectively. There is a minor frequency
shift between the HFSS simulated and measured results.
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FIGURE 6 H-plane radiation pattern (port 1) of the dual-port
patch antenna at 2.4 GHz [Color figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 7 E-plane radiation pattern (port 2) of the dual-port
patch antenna at 2.4 GHz [Color figure can be viewed at
wileyonlinelibrary.com]

This is mainly due to imprecise calibration set-up for mea-
surement, connector losses and fabrication tolerances which
were not included in the HFSS simulation. Besides, the
ground plane size has been slightly increased in order to
connect the SMA connectors to the two ports (see
Figure 1C).

The measured and HFSS simulated results of IS5l versus
frequency are shown in Figure 4. There are some differences
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FIGURE 8 H-plane radiation pattern (port 2) of the dual-port
patch antenna at 2.4 GHz [Color figure can be viewed at
wileyonlinelibrary.com]
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TABLE 1 Performance comparison (experimental) of the proposed antenna with the antennas available in the literature

Reference Matching band (RL > 10 dB) Isolation band Maximum isolation Size

[3] 2.33-2.52 GHz 2.34-2.5 GHz 42 dB at 2.4 GHz 80 x 80 x 5.1 mm®
(isolation >28 dB) =32 640 mm’

[4] 2.15-2.72 GHz 2.15-2.72 GHz 50 dB at 2.4 GHz 120 x 120 x 25 mm’®
(isolation >40 dB) =3,60 000 mm®

Proposed antenna 2.4-2.5 GHz 2.3-2.6 GHz 67.5 dB at 2.3 GHz 60 X 62 X 3.2 mm’
(isolation >59.5 dB) =11 904 mm®

between the simulation and experimental results. Such dif-
ferences are due to measurement performed in a real labora-
tory environment, where interference from nearby signals,
reflections and scattering from surroundings and addition of
ambient noises is more pronounced at such low values of |
Sl as also reported in Ref. ! The isolation (IS,;1) is greater
than 59.5 dB from 2.3 to 2.6 GHz in experimental results
which is suitable for ISM band antennas for full duplex oper-
ations. The maximum measured isolation (IS,;l) is 67.5 dB
at 2.3 GHz. IS;,| versus frequency has very similar perfor-
mance. The E-plane (port 1), H-plane (port 1), E-plane (port
2), and H-plane (port 2) radiation patterns (both simulation
and experimental) of the dual-port antenna at 2.4 GHz are
shown in Figures 5-8, respectively. It can be seen that co-
polar radiation patterns are mostly oval in shape and the
cross-polar components are well below —40 dB for all of the
above cases. Hence, the cross-polarization components are
sufficiently low. The radiation patterns are plotted for given
input power of 1 mW. The experimental and simulation
results are approximately matching.

Table 1 compares the performance of the proposed dual-
port antenna with antennas available in the literature in terms
of matching band (ISl < — 10 dB), isolation band, maxi-
mum isolation, and size. It can be seen that the proposed
antenna can achieve the best isolation in terms of maximum
isolation and isolation band. Besides, the size of the pro-
posed antenna is much smaller than the other reported anten-
nas. It may be noted all the antennas compared in Table 1
are fabricated on FR4 substrate. Hence the size comparison
is a fair comparison.

4 | CONCLUSION

A dual-port, compact patch antenna with high isolation has
been designed, fabricated and tested. This antenna can
achieve a maximum isolation of 67.5 dB at 2.3 GHz and
over 59.5 dB isolation from 2.3 to 2.6 GHz. Such antenna
can be used for in-band full-duplex ISM operation. The
same antenna geometry with the two feed lines (tapered feed
and aperture coupled feed) can be tuned and used for design-
ing antennas for in-band full-duplex radios such as for
WiMAX applications.
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