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Abstract—In this letter, a planar printed multiple-band antenna is proposed for mobile handset applications. The antenna
consists of a driven monopole with multiple branches, and a
parasitic ground strip with an open slot. By properly tuning the
dimensions and positions of each part of the proposed antenna,
octa-band operation is achieved with good radiation efﬁciency.
For lower frequency, the LTE700, GSM850, and GSM900 bands
modes of the driven monopole and
are provided by the
the parasitic ground strip. For upper frequency, the DCS, PCS,
UMTS, LTE2300 and LTE2500 bands are covered by the higher
order modes of the driven monopole and the parasitic ground
strip. The open slot and the shorter driven branch are utilized to
widen the bandwidth in the upper frequency. All the mentioned
operating bands are achieved in a small area of
mm .
The measured
-dB reﬂection coefﬁcient bandwidth is 405 MHz
(
MHz) in the lower band and ranges from 1665 MHz
to more than 3000 MHz in the upper band.
Index Terms—Handset antennas, mobile antennas, multiple frequency antennas.

I. INTRODUCTION

T

HE RAPID development of mobile communication
systems has inspired continuous research on antennas for
mobile handsets. The mobile phone antenna for traditional wireless wide area network (WWAN) operation is usually required
to cover GSM850 (824–894 MHz), GSM900 (880–960 MHz),
DCS (1710–1880 MHz), PCS (1850–1990 MHz), and UMTS
(1920–2170 MHz) bands. In addition, the recently introduced
long term evolution (LTE) has assigned three new bands, including LTE700 (698–787 MHz), LTE2300 (2300–2400 MHz),
and LTE2500 (2500–2690 MHz). Therefore, a handset antenna for WWAN/LTE operations needs to cover LTE700,
GSM850, and GSM900 bands (698-960 MHz) for the lower
band and DCS, PCS, UMTS, LTE2300, and LTE2500 bands
(1710–2690 MHz) for the upper band.
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Numbers of promising mobile phone antennas have been
studied for WWAN/LTE operations in the last decade [1]–[13].
Among these designs, the on-board printed antennas [7]–[13]
are very attractive owing to the planar structure, ease of fabrication and low cost. Considering that the antenna proﬁle is
typically chosen as 15 mm, the 698-960 MHz band is difﬁcult
to cover by a single resonance. The typical method to cover
the whole lower band is merging multiple resonances. For
planar monopole antennas, there are two ways to generate the
multiple resonances in the lower band. The ﬁrst way is using
one parasitic strip for multiple resonances [7]–[10]. To achieve
a dual-resonant behavior in the lower band, several special
structures are adopted, e. g., a parasitic ground strip with two
unequal branches in [7] and [8], a printed distributed inductor
mode
in [9], and a planar inverted-F antenna (PIFA) with
in [10] are introduced. In these designs, coupling feeding and
inductive strips are used to provide capacitance and inductance
for impedance matching in the lower band. The second way is
combining a driven strip and a parasitic strip [11]–[13]. Dual
resonances are provided by the driven strip and parasitic strip,
respectively. Compared with the ﬁrst way, the second way has
a clearer mode performance, thus is more ﬂexible in antenna
optimization. In addition, the tuning of higher order modes in
the upper band without affecting the fundamental modes in the
lower band is difﬁcult. Therefore, the modes control in both the
lower and upper bands needs to be well considered.
In this letter, a planar printed mobile phone antenna is
proposed to cover the WWAN/LTE bands. Dual resonances in
modes of a driven
the lower band are generated by the
monopole strip and a parasitic ground strip. To cover the upper
band and have more freedom for tuning, a shorter driven
branch is added to the driven monopole strip and an open slot is
modes
etched on the parasitic ground strip. Thus, two new
are introduced in the upper band, apart from the two existing
modes of the driven monopole and the parasitic ground
strip. By combining all the related modes in the upper band, a
wide bandwidth of more than 1335 MHz (1665–3000 MHz) is
achieved. Parametric study is carried out to demonstrate that
the tuning of the upper band is with little effect on the lower
band tuning.
II. ANTENNA DESIGN
Fig. 1 shows the geometry and dimensions of the proposed
antenna. A 0.8-mm-thick FR4 substrate (
,
) is used as the system circuit board of the mobile phone.
The size of the substrate is
mm A main ground with a size
of
mm is printed on the back layer of the substrate. The
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Fig. 2. Comparison of the simulated
for different antennas, Ref 1: only the
parasitic short ground strip.
longer driven strip, Ref 2: Ref.
Fig. 1. Geometry and dimensions of the proposed antenna.

proposed antenna occupies a small size of
mm and consists of a driven monopole strip and a parasitic ground strip. The
monopole strip and the parasitic ground strip are printed on the
front and back sides of the substrate, respectively. The driven
monopole strip has two branches. Each of the branches has a
uniform line width and is fed by a microstrip line directly. The
parasitic strip is connected with the main ground and forming
an L-shaped gap. A wide L-shaped open slot is etched on the
end of the parasitic ground strip. The commercial software Ansoft HFSS is used to optimize the dimensions of the proposed
antenna.
The design process of the proposed antenna is shown in
Figs. 2 and 3. Fig. 2 shows the tuning of the lower band. The
longer driven monopole strip in Ref 1 generates a resonance at
1000 MHz, which corresponds to the
mode. To increase
the bandwidth of the lower band, another resonance is generated by the parasitic ground strip. The resonant frequency is
at approximately 720 MHz, corresponding to the
mode
of the parasitic ground strip. By merging the two resonant
modes, wide coverage of the lower band for LTE700, GSM850,
GSM900 bands is achieved. Fig. 3 shows the tuning of the
upper band.
modes are provided by both the driven
and parasitic strips in the upper band. However, additional
resonances are needed to broaden the bandwidth in the upper
band. Based on Ref 2, an open slot is etched in Ref 3. It is
shown that the
mode of the parasitic ground strip is
shifted to approximately 1700 MHz, and another resonance is
provided by the etching slot itself in the upper band. To further
improve the performance in the upper band, another shorter
driven monopole branch is added to the driven monopole strip.
It is shown that the shorter driven branch provides additional
resonance at approximately 2800 MHz. By merging all the
resonances, wide coverage of the upper band for DCS, PCS,
UMTS, LTE2300, and LTE2500 bands is achieved.
The simulated current distributions at different resonant frequencies are plotted in Fig. 4. Two resonances in the lower
band and three resonances in the upper band are plotted. At
720 MHz, strong current can be seen on the parasitic ground
strip. At 910 MHz, strong current can be seen on the longer
driven branch. Therefore, the two resonances are generated by
the parasitic ground strip and the longer driven monopole strip,
respectively. At 1740 MHz, the current distribution is strong on

Fig. 3. Comparison of the simulated
for different antennas, Ref 3: Ref.
open slot, proposed: Ref.
shorter driven branch.

Fig. 4. Simulated current distributions of the proposed antenna at different resonant frequencies.

the parasitic ground strip, and there is also a deep current null
on the parasitic ground strip. This distribution indicates that the
resonance at 1740 MHz is mainly provided by the
mode of
the parasitic ground strip. At 2420 MHz and 2890 MHz, strong
currents can be observed around the open slot and the shorter
driven branch. Therefore, the two resonances are generated by
the
modes of the open slot and the shorter driven branch,
respectively. From the analysis of current distributions, the operating mode of the proposed antenna at different frequencies is
straightforward.

1736

IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 14, 2015

Fig. 5. Simulated

with different lengths of the open slot.

Fig. 6. Simulated

with different lengths of the shorter driven strip.

The effects of key parameters on tuning the bandwidth are
analyzed and discussed. It is obvious that the dual resonances
in the lower band are determined by the lengths of the longer
driven branch and the parasitic ground strip. The tuning of the
two modes is simple. Therefore, the focus is mainly on the two
resonances generated by the open slot and the shorter driven
branch. Fig. 5 shows the effect of the open slot on
. The resonant frequencies at approximately 1700 MHz and 2500 MHz
decrease as the length of the open slot increases, while the resonances at other frequencies keep unchanged. It indicates that
the change of affects the
mode of the open slot and the
mode of the parasitic ground strip. Fig. 6 shows the effect
of the shorter driven branch on
. It is shown that the increase
of , the length of the shorter driven branch, only changes the
frequency at approximately 2850 MHz. It depicts that the
mode of the shorter driven branch can be tuned independently.
Compared with the antennas in [7]–[13], the proposed antenna
is more ﬂexible in tuning the upper band.
III. MEASUREMENT RESULTS
Based on the parameters in Fig. 1, the proposed antenna is
fabricated and tested. The feeding port is connected directly
with a 50 Ohm coaxial cable, whose outer conductor is soldered
with the ground plane, and inner conductor is soldered with
the feeding port via a hole. Fig. 7 shows the measured reﬂection coefﬁcient of the proposed antenna, which agrees well with
the simulated result. The difference between the simulated and
measured results is mainly caused by fabrication error and measurement error. A broad 6-dB bandwidth of 405 MHz (

Fig. 7. Simulated and measured

of the proposed antenna.

Fig. 8. Measured normalized radiation patterns of the proposed antenna at dif, the blue line is
).
ferent frequencies. (the red line is

MHz) is measured, which covers the LTE700, GSM850,
GSM900 operations. The measured 6-dB bandwidth is ranged
from 1665 MHz to more than 3000 MHz, which is wide enough
to cover the DCS, PCS, UMTS, LTE2300 and LTE2500 bands.
It is worth mentioning that further size reduction of the antenna
is possible when pursuing a low-proﬁle design, owing that the
bandwidth is much wider than the desired bands.
Fig. 8 shows the measured normalized radiation patterns of
the proposed antenna in the three principal planes. Three typical frequencies, one in the lower band and two in the upper
band, are selected and shown. For 830 MHz in the lower band,
a dipole-like radiation pattern can be observed. For 2100 MHz
and 2500 MHz in the upper band, the radiation patterns are similar with the
radiation pattern mode of a dipole. In addition, large variations and nulls can be observed in the radiation
patterns. As is explained in [11], the reason is that the length of
the system ground plane is comparable to the wavelength in the
upper band.
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WWAN/LTE operations are achieved by merging the multi-resonances of a driven monopole strip and a parasitic ground strip
with an open slot. Dual resonances are generated in the lower
band to provide bandwidth for LTE700, GSM850 and GSM900
operations. Four resonances are excited in the upper band to
provide sufﬁcient bandwidth for DCS, PCS, UMTS, LTE2300
and LTE2500 operations. The measured results, including
reﬂection coefﬁcient and radiation efﬁciency, indicate that
the proposed antenna is promising for planar mobile phone
applications.
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