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A balanced-fed dual inverted-F antennawith reduced human body effects forWLAN applications at 2.45GHz is presented. In order
to reduce the influence by a close proximity or a touch of a human body, the proposed antenna employs an impedance matching
using a lumped LC-balun which has the simple and compact structure applying for mobile handsets. The resonant frequency of
the proposed antenna is fixed at 2.45GHz regardless of the close proximity of a human body. By applying for the L-shape ground
plane, the proposed antenna has the wide impedance bandwidth of about 150MHz and the peak realized gain of about 4 dBi.

1. Introduction

Due to the several benefits such as compact and low profile
structure, planar inverted-F antenna (PIFA) is most com-
monly used formobile handsets. Because the ground plane of
the PIFA plays a significant role in its operation, the ground
plane is an integral part of the antenna assembly [1].

PIFA has very large current flows on the ground plane. It
means that the antenna characteristics are influenced by the
external objects such as a humanhead or hand.The influences
of antenna performance by human body effects for mobile
handsets have been analyzed [2, 3]. In order to overcome the
sensitive antenna characteristics by human body effects, the
balanced-fed built-in antennas with PIFA configuration in
[4], folded configuration in [5], or bow-tie structure in [6]
have been proposed.

However, these antennas are not easy to adjust the
changed resonant frequency at the practical implementation.
Therefore, in this paper, we present a dual inverted-F antenna
having a balanced feed for the reduced human body effects.
It is insensitive to perturbations of the ground plane and easy
to control the resonant frequency by cutting the length of a
folded inverted-F antenna.

2. Antenna Configurations

The geometry of a balanced-fed dual inverted-F antenna
(BDIFA) is shown in Figure 1. It is fabricated on a double-
sided RF35 substrate with a dielectric constant of 3.5 and
thickness of 0.5mm. The proposed BDIFA structure is com-
posed of a dual folded inverted-F antenna, a lumped LC-
balun for a balanced feed, and an L-shaped ground plane. By
folding antenna arms, the length of one arm in the proposed
antenna is an approximately 24mm (0.196𝜆

0
, where 𝜆

0
is the

free-space wavelength at 2.45GHz). It is 30 percent smaller
than that of one arm in a dipole antenna.

In order to prevent the ground and human body effects,
the balun which converts between a balanced signal and
unbalanced signal is required. In addition, the balun can
also provide impedance transformation. Due to the compact
and simple structure, LC-balun known as a lattice-type balun
is applied. It consists of two capacitors and two inductors,
which produce the phase difference of 180 degree. The values
of lumped elements in the LC-balun are 𝐿 = 15 nH and
𝐶 = 2 pF.

Figure 1 shows that the proposed antenna has a balanced-
fed with an LC-balun through a coaxial cable. The L-shaped
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Figure 1: Geometries and dimensions of proposed antenna: (a) top
view, (b) back view, and (c) side view.

ground plane is achieved by connecting the back side of
antenna element with rectangular metal plate for a wide-
band characteristic [7]. The dimensions of the proposed
antenna without the ground plane are 25mm by 7.5mm.The
photograph of the fabricated antenna prototype is shown
in Figure 2(a). For assessing the performance of wireless
devices in real situations, hand fixture (IXB-090R)with CTIA
phantom hand designed by IndexSAR is used to examine
the influence of the user’s hand on frequency detuning in
Figure 2(b).

3. Results and Discussions

To investigate the electrical characteristics of the proposed
BDIFA, it has been designed and analyzed using a 3D elec-
tromagnetic solver (Microwave Studio by CST). Figure 3
shows the simulated and measured return losses against

(a)

(b)

Figure 2: (a) Prototype of the proposed antenna and (b) the grip of
a hand fixture on the proposed antenna.
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Figure 3: Simulated and measured return losses against frequency
of proposed antenna.
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Figure 4: Simulated surface current directions and distributions of the proposed antenna at 2.45GHz: (a) with in-phase, (b) with out-phase,
and (c) its normalized surface current distributions on ground plane.
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Figure 5: Simulated return losses against frequency with a different length (𝑤) for the proposed antenna.

frequency with or without a hand fixture.The center resonant
frequencies of the BDIFA in the simulation andmeasurement
are approximately equal to 2.45GHz. Due to the tolerance
of lumped elements and parasitic effects of a radiation part,
the upper frequency band becomes broaden in the measured

results. The measured impedance bandwidth (VSWR ≲ 3.5)
is about 150MHz.

Regardless of a phantom hand, antenna impedance
bandwidth remains unchanged because of a balanced-fed
structure of the BDIFA. The surface current directions and
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Figure 6: Measured radiation patterns at 2.45GHz: (a) 𝑥𝑧 plane, (b) 𝑦𝑧 plane, and (c) 𝑥𝑦 plane.

distributions on the ground plane at 2.45GHz are shown
in Figure 4. In order to compare the current directions
according to the phase difference between the two folded
arms, Figures 4(a) and 4(b) show the in-phase and out-phase,
respectively. In case of out-phase folded arms, small current
flows are observed on the ground plane, and it means it is
less sensitive to perturbations of the groundplane. Figure 4(c)
shows the normalized surface current distributions on the
ground plane, where the darker color indicates larger current
flow. As a result, the human body effects can be reduced.

Figure 5 shows simulated return losses against frequency
with a different length (𝑤) for the BDIFA. By controlling the
length of radiation arms (𝑤), the resonant frequency can be
tuned. Figure 6 shows the measured radiation patterns of 𝑥𝑧-
plane, 𝑦𝑧-plane, and 𝑥𝑦-plane at 2.45GHz, respectively. The

measured results show that the radiation patterns at vertical
planes of 𝑥𝑧-plane and 𝑦𝑧-plane are conical, and in horizon-
tal plane, the pattern is nearly omnidirectional. In Figure 7,
the measured peak realized gain against the frequency is
shown.Themaximum peak realized gain is about 4 dBi at the
center frequency, 2.45GHz. Furthermore, an experimental
investigation has also been carried out with regard to the
overall antenna total efficiency in Figure 7.Within the operat-
ing frequency, the maximum overall antenna total efficiency
has approximately 75%.

4. Conclusion

A compact low-profile dual inverted-F antenna with a bal-
anced feed is presented. The proposed antenna is not only
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Figure 7: Measured peak realized gain and antenna total efficiency
with regard to frequency.

compact and low-profile configuration but also insensitive to
the influence of human body effects for the practical WIFI
applications. The impedance bandwidth and peak realized
gain of the proposed antenna have approximately 150MHz
and 4 dBi, respectively. It can be suitable for practical WLAN
applications in mobile handsets.
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