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Abstract
In this paper, a low profile dual band filtering antenna element for 4G
application is presented. The proposed design contains two circular shaped
patches operating at different Frequencies and a multistub microstrip feed line.
For compact single antenna the smaller Patches are embedded into larger one.
A smooth variation in the resonating frequencies is achieved by controlling the
resonant modes of patches and multistub feed line. The proposed Dual band
antenna operates at B-39 (1.880 GHz-1.920 GHz) and B-38 (2.570 GHz-2.620
GHz) band of 4G LTE applications. The reflection co-efficient is < -10dB for
all the desired bands. The antenna system is fabricated on a commercially
available Rogers’s RT5880 substrate with a relative permittivity of 1.8 while
the dimensions of the board are 100×80×1.575 mm3.
Keywords: Patch antenna, multi-band antenna, Long-Term Evolution (LTE),
multiple-input–multiple-output (MIMO).
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1. INTRODUCTION
In today’s world the focus is on using a MIMO system rather than a SISO system.
MIMO system offers high data rate, high capacity and provides a better spectrum
utilization of a communication channel [1]. MIMO differs from traditional
communication in that it employs multiple antennas at both the transmitter and the
receiver ends that provide multiple channels for data transmission and thus increases
the channel capacity without additional power requirements. While designing MIMO
antennas the mutual coupling between the antenna elements has to be maintained
minimum. They are currently used in the fourth generation (4G) mobile phones and
will also be used in fifth generation (5G) one with higher number of antennas at
higher frequency bands. Utilizing higher frequency bands with wider bandwidth
provides high data rates. Therefore, to design small size multiple antennas with wide
bandwidths and covering multiple bands within a mobile phone is a hot topic for
antenna designers [2].
It is desired to integrate the band pass filter and antenna in a single module to reduce
the size of antenna. Many designs of filtering antennas by replacing the last stage of
filter network with an antenna radiator are proposed in [3]–[6], which results in high
integration. However, in most of the antenna design, extra filtering circuits are
inserted to the feeding networks, causing extra insertion loss, narrow bandwidth and
degrading antenna gains. To solve this problem, filtering antennas without extra
filtering circuits are proposed in [7] and [8]. However, the above antennas are limited
to only single-band operation, and they are difficult to fulfill the required dual-band
specifications of carrier aggregation.
A compact dual-band three-pole patch antenna with orthogonal polarizations in the
two bands for 2.4/5.8-GHz is developed in [9] .However the operating frequencies of
this antenna cannot be controlled individually. Besides the peak gains at 2.45 and 5.8
GHz are only -1.8 and 1.1 dBi. A dual band filtering patch antenna is represented in
[10].However this antenna is restricted to only dual band operation. Besides area of
the larger patch is 2783.26 mm2 which cannot meet the low profile requirement.
In this paper a dual band circular patch antenna is proposed that can be further
extended to triple band or multiband operation by adding additional patches and stubs
.Besides the area of larger patch is 1963.49 mm2 (i.e. 70.54% of [10] area) which
meet the requirement of low profile antenna.
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2. ANTENNA ELEMENT MECHANISM
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Fig.1: Configuration of dual-band circular antenna (a) Front view (b) bottom view (c)
Side view

2.1. ANTENNA CONFIGURATION
The configuration of MIMO antenna is shown in Figure 1.The antenna consists of two
separate circular patches and a multistub feed line .For size miniaturization, the
smaller patch is embedded in the larger one and they are fabricated on the top layer of
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the substrate, whereas the ground is printed on the bottom layer of the substrate. An
Rogers RT 5880 material with a dielectric constant of 1.8 and height of 1.575mm is
used as a substrate. The overall board dimensions are 100×80×1.575 mm3. The outer
circle shape represents the radiating part with dimension 21×25 mm2.
As shown in Fig. 2, a multistub microstrip line that consists of a main transmission
line and two stubs is used to feed the inner patch operating at the upper band. In this
case outer patch does not radiate but act as a matching element.

Fig.2: Dimension of antenna stub
The electrical lengths L1 and L2 are quarter wavelength at corresponding frequencies
of the two zeros. The frequencies of the two transmission zeros fz1 and fz2 can be
determined by
𝑓𝑧1 =

𝐶
4𝐿1√𝜀𝑟

𝑓𝑧2 =

𝐶
4𝐿2√𝜀𝑟

Where c is the speed of light in free space, and 𝜀𝑟 denotes the effective dielectric
constant of the substrate.

3. SIMULATED RESULTS OF THE DUAL-BAND ANTENNA
The antenna is simulated in CST for analysis and optimization. The simulated
reflection coefficients of antenna elements are shown in Fig. 3. The outer circular
antenna element resonates at 1.9 GHz and has an impedance bandwidth of 9MHz The
inner circular antenna element resonates at 2.6 GHz and has an impedance bandwidth
of 12 MHz.
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Fig.3. Simulated |S11| of the multiband antenna

Table I: Design Parameter of Dual-Band Antenna
Length

Value
(mm)

Length

Value
(mm)

L

100

G4

2.0

W

80

r1

15

W1

4.7

L1

16.65

W2

1.0

L2

11.5

W3

4.0

G3

3.0

G1

20

G5

1.0

G2

15

G6

1.2

h

1.575

r2

21

The 3D pattern of antenna at 1.9 GHz and 2.6 GHz for outer element and inner
element obtained from simulations are Shown in fig. 4.
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(a)
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Fig.4. 3-D pattern at (a) 1.9 GHz (b) 2.6 GHz

(a)

(b)

Fig.5. Electric field distribution at (a)1.9GHz (b) 2.6GHz
The radiation patterns of antenna at 1.9 GHz and 2.6 GHz for outer element and inner
element obtained from simulations are shown in fig.6.

(a)

(b)

Fig 6. E-Plane Radiation pattern at (a) 1.9GHz (b) 2.6 GHz
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4. CONCLUSION
A novel Dual-band circular patch MIMO antenna operating at 4G LTE bands B39 and
B38 was introduced and discussed. The antenna occupies a space of 100×80×1.575
mm3. The antenna is evaluated from S-parameters and far-field characteristic. The
simulated gains of the prototype are 7.99 and 8.34 dBi at the two operating bands, and
out-of-band gains are less than −10 dBi. The antenna has bandwidth of9MHz and 12.4
MHz at the lower band and upper band respectively. The radiation efficiency of the
proposed antenna is 66.36 % and 76.04 % at each band respectively. Since no
complex filtering and matching networks are involved, the proposed design is very
simple and flexible. Depends on the further advancement the proposed antenna can be
extended to triple band or multiband operation.
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