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Abstract: In this paper, a planar antenna for Long Term Evolution (LTE) bands and Wireless Local Area Network (WLAN)
is proposed. The antenna is based on a meandered coupled-fed monopole with a distributed inductor, a direct-fed monopole
with a chip inductor of 20nH, and a grounded strip connected to the copper plate. These three components form two bands of
operations. A multiband of low resonant mode at between 0.717 GHz and 1.0215 GHz and high resonant mode between
2.114 GHz to 2.887 GHz are achieved. The two operating bands satisfy the WMTS 610, UMTS 1700, LTE 1800, LTE 1900,
LTE 2100, WLAN 2400, LTE 2600, and WLAN 3600 applications based on the -6 dB for the handset. The proposed
antenna having dimensions 75 x 10 x 0.8 mm” is suitable for the top edge of a mobile handset and a copper plate of 75 x 100
mm? (5 inches screen plate), is used as the ground plane system.
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1. INTRODUCTION

Recently, the popularity of multifunctional [1] portable
devices using LTE and WLAN applications has been
increasing rapidly. The multiband antennas inside the
portable devices must be as small as possible. Although
miniaturization of the antennas is highly challenging not
just because of the limited space available inside the
wireless portable devices but also unable to cover the
whole frequency bands, due to narrow bandwidth at the
lower frequency band [2]-[7].

Appropriate antenna size or thickness is the key
requirement for sufficient bandwidths. Some of them are
very difficult to be integrated within mobile devices or
portable wireless modules [8]-[11]. Therefore, one of the
solutions for the design of a small antenna is by using the
meander loop-type antenna [12]-[14]. For multiband
applications, a bent or folded monopole is used [15].
Moreover, monopole with a shorted parasitic element
helps to produce dual-band [16]. In addition, monopole
antennas with small dimensions are appropriate for
portable devices; cover multiple bands of frequency for
WLAN and LTE applications. Alternative solutions can
be either by bending planar inverted-F antennas (PIFAs)
[17]-[19] to achieve a small size three-dimensional (3-D)
structures or by employing a chip inductor on the metal
part of an antenna to get a small antenna size [20], [21].
In addition, a coupled-fed technique can be used to obtain
multiband and wider impedance bandwidth for LTE and
WLAN applications [12]-[14]. Therefore, the techniques
of meander structure together with a chip inductor are
proposed to miniaturize the size of the antenna.

2. ANTENNA DESIGN

The initial antenna design of this work was based on [22].
The components of our antenna consists of a coupled-fed
monopole with a distributed inductor, a direct-fed
monopole and a grounded strip connected to the ground
plane as shown in Figure 1. The ground plane of the
proposed antenna was resized to 75 x 100 mm” (5 inches)
to fit into the mobile phone ground plane. The ground
plane length is reduced by 71% from 260 mm to 75 mm,
while its width is reduced by 50% from 200 mm to 100
mm. The overall ground plane was reduced by 61.5%.
To cover WLAN and LTE band operations, the L-shaped
element introduced in [22] was completely removed.

The multiband planar antenna was fabricated on the
FR-4 glass epoxy with a height (h) of 0.8 mm, a loss
tangent of 0.025, and a relative permittivity (€,) of 4.3. A
chip inductor of 20 nH is soldered to the direct-fed
monopole to achieve the small size planar antenna. The
discrete port between the direct-fed monopole and the
grounded strip is where the input signal is fed. The
proposed antenna complete with components and
dimensions is all shown in Figure 1. The antenna design
is simulated using CST Simulation software.
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Figure 1. (a) Antenna element without ground plane (b)
Components of the proposed antenna (c) Proposed
antenna with new ground plane size

3. RESULTS AND DISCUSSION

Figure 2 shows the simulation result of the proposed
antenna. The distributed inductor is used to control the
higher modes of resonant frequencies at 2.11 GHz and
2.887 GHz. As for the grounded strip connected to the
system ground can operates in a resonant mode at 0.717
GHz and 2.887 GHz. By adding a coupled-fed monopole
and a grounded strip connected to the system ground can
contributes a multiband of low resonant mode at between
0.717 GHz and 1.0215 GHz and high resonant mode
between 2.114 GHz to 2.887 GHz are achieved for LTE
700, GSM 850, and GSM 900 (low mode), LTE 2100,
LTE 2300, WLAN 2400, LTE 2500, and LTE 2600
applications (high mode) respectively. The bandwidth at
low frequency band is approximately 0.347 GHz (0.698
GHz - 1.045) while a close to 1 GHz (2.03 GHz — 3.02
GHz) is achieved at a high operating band based on the -6
dB antenna design specification required for mobile
handset. The -6 dB S;; was considered as it is commonly
used as a standard reflection coefficient for mobile phone
and compact antennas [23-25]. The low and high
operating bands can form a dual-band WLAN and LTE
antenna for the mobile handset. Figure 3 shows the

prototype of the planar antenna with the new ground
plane size for the mobile handset.

The prototype of the planar antenna with the new
ground plane size for the mobile handset is shown in
Figure 3. A 50 Q coaxial line feed is connected to the
direct-fed monopole and the shielding connected to the
grounded strip, which enables RF signal input. The
simulated and measured S;; result was compared as
shown in Figure 4. The measured result has four resonant
at 0.6050 GHz, 1.690 GHz, 2.0225 GHz, and 2.2850 GHz
with a return loss of -10.4518 dB, -7.7044 dB, -9.7823
dB, and -32.9820 dB respectively. Comparing the two
results, the measured result has downshifted to the lower
frequency as compared to the simulated result at about
0.607 GHz. The possible reason was that the relative
permittivity of the substrate FR-4 used for fabrication
may not be at 4.3 but higher than that, which is illustrated
from the simulation in Figure 5. However, generally, the
trend of the S;; is similar to the simulated results. The
measured result also shows that the proposed antenna has
a low operating band at 0.61 GHz, and two operating
bands from 1.67 GHz to 2.8 GHz with the bandwidth
measured approximately about 1.13 GHz under -6 dB,
and finally, the 3.6 GHz which is suitable for WMTS
610, UMTS 1700, LTE 1800, LTE 1900, LTE 2100,
WLAN 2400, LTE 2600 and WLAN 3600 applications.
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Figure 2. Simulated reflected coefficient Sy of the
proposed antenna

Figure 3. Fabricated modified planar antenna
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Figure 4. Measured and simulated reflection coefficient
(S11) for the proposed antenna
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Figure 5. Simulated reflection coefficient (S,;) of the
proposed antenna using different relative permittivity of
the substrate FR-4

The simulated and measured results of H-plane and E-
plane of the proposed antenna were compared at 2.4 GHz
(WLAN) and 2.6 GHz (LTE) as shown in Figure 6 —
Figure 7. The E-plane patterns show good agreement.
However the H-plane patterns show some discrepancies
at the back side of the antenna which may due to the
some blockage from the pole of the antenna holder. In
general, the measured and simulated radiation patterns
were in good agreement. During the measurement
process, the result was obtained carefully by repeating the
rotation of the aerial platform manually which reduced
errors. The results show that the planar antenna has a
stable radiation pattern and contribute to nearly omni-
directional at H-plane and eight-shaped pattern at E-
plane.The simulated realized gain values at 2.4 GHz and
2.6 GHz are 2.245 dBi and 2.647 dBi respectively.
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Figure 6. (a) H-plane at 2.4 GHz
(b) E-plane at 2.4 GHz
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Figure 7. (a) H-plane at 2.6 GHz
(b) E-plane at 2.6 GHz

4. CONCLUSION

A Multiband Planar Antenna consists of two mechanisms
namely direct-fed and coupled-fed have been designed to
cover LTE and WLAN bands from 1.67 GHz to 2.8 GHz
and 3.6 GHz. The proposed antenna has an area of 75 x
10 mm’ with an additional chip inductor of 20nH
soldered to the direct-fed monopole to achieve a small
size. The antenna size is one of the important
requirements for sufficient bandwidth applications. The
proposed antenna shows a stable radiation pattern in the

LTE and WLAN bands and can potentially be used as an
internal antenna for the mobile handset.
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