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Internal Coupled-Fed Dual-Loop Antenna
Integrated With a USB Connector for

WWAN/LTE Mobile Handset
Fang-Hsien Chu, Student Member, IEEE, and Kin-Lu Wong, Fellow, IEEE

Abstract—A coupled-fed dual-loop antenna capable of pro-
viding eight-band WWAN/LTE operation and suitable to integrate
with a USB connector in the mobile handset is presented. The
antenna integrates with a protruded ground, which is extended
from the main ground plane of the mobile handset to accommo-
date a USB connector functioning as a data port of the handset.
To consider the presence of the integrated protruded ground,
the antenna uses two separate shorted strips and a T-shape
monopole encircled therein as a coupling feed and a radiator as
well. The shorted strips are short-circuited through a common
shorting strip to the protruded ground and coupled-fed by the
T-shape monopole to generate two separate quarter-wavelength
loop resonant modes to form a wide lower band to cover the
LTE700/GSM850/900 operation (704–960 MHz). An additional
higher-order loop resonant mode is also generated to combine
with two wideband resonant modes contributed by the T-shape
monopole to form a very wide upper band of larger than 1 GHz
to cover the GSM1800/1900/UMTS/LTE2300/2500 operation
(1710–2690 MHz). Details of the proposed antenna are presented.
For the SAR (specific absorption rate) requirement in practical
mobile handsets to meet the limit of 1.6 W/kg for 1-g human tissue,
the SAR values of the antenna are also analyzed.

Index Terms—Coupled-fed loop antennas, handset antennas,
LTE antennas, mobile antennas, USB connector, WWAN antennas.

I. INTRODUCTION

S EVERAL internal mobile handset antennas capable of cov-
ering eight-band WWAN/LTE operation in the 704–960

and 1710–2690 MHz bands have recently been demonstrated
[1]–[8]. In order to provide wideband operation and low SAR
(specific absorption rate) values to meet the limit of 1.6 W/kg
for 1-g head tissue [9], these WWAN/LTE handset antennas are
generally disposed on the no-ground portion at the entire bottom
edge of the system circuit board [8], [10]–[13]. In this case,
the integration of such an antenna with nearby electronic ele-
ments such as a USB (universal series bus) connector [14]–[16],
which is usually mounted at the bottom edge of the handset
and used as a data port for external devices, becomes a chal-
lenging problem. This is because the presence of the USB con-
nector, which is a conducting object, is generally not consid-
ered in the antenna design. Hence, when the USB connector
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is placed very close to the antenna, some undesired coupling
will usually occur to cause degrading effects on the impedance
matching of the antenna, thereby greatly decreasing the band-
width of the antenna. Many traditional internal WWAN handset
antennas [17]–[23] also have a similar problem, which causes
a limitation in achieving compact integration of the internal an-
tenna with associated electronic elements inside the handset.

To overcome the problem, we present in this paper a
promising coupled-fed dual-loop handset antenna to inte-
grate with a USB connector (typical size mm
for mini USB connector [14]) and cover eight-band
WWAN/LTE operation which includes the LTE700/
GSM850/900 bands (704–787/824–894/880–960 MHz)
and the GSM1800/1900/UMTS/LTE2300/2500 bands
(1710–1880/1850–1990/1920–2170/2300–2400/2500–2690
MHz). The antenna is mounted above a protruded ground
extended from the main ground plane of the handset, while
there is a USB connector mounted on the protruded ground.
The antenna is further short-circuited to the protruded ground,
and the presence of the USB connector on the protruded ground
is included in the antenna design. Details of the proposed
antenna are described in the paper. With the presence of the
protruded ground below the antenna, the design considera-
tions for achieving two wide operating bands to cover the
desired 704–960 and 1710–2690 MHz bands are addressed.
A parametric study of the major parameters of the antenna is
also conducted. The obtained results including the antenna’s
radiation characteristics and its SAR values for 1-g head tissue
are also presented.

II. PROPOSED ANTENNA

Fig. 1(a) and (b) shows the geometry of the proposed cou-
pled-fed dual-loop mobile handset antenna integrated with a
USB connector. Detailed dimensions of the antenna’s metal
pattern are shown in Fig. 1(c). Note that a USB connector
is mounted on the protruded ground of size 10 10 mm
extended from the main ground plane of size 55 105 mm .
The protruded ground and main ground plane are both printed
on the back surface of a 0.8-mm thick FR4 substrate of size
55 115 mm , relative permittivity 4.4 and loss tangent 0.02
in the study, which is treated as the main circuit board of a
practical smartphone. The selected dimensions of the main
circuit board are reasonable for practical smartphones.

The antenna is centered above the protruded ground. A me-
andered shorting strip of length 17.8 mm and width 0.5 mm
(section ) short-circuits the antenna to the protruded ground.
The short-circuiting integrates the USB connector mounted on
the protruded ground with the antenna. Further, by using a me-
andered shorting strip, additional inductance is expected to be

0018-926X/$26.00 © 2011 IEEE



4216 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 59, NO. 11, NOVEMBER 2011

Fig. 1. (a) Geometry of the proposed coupled-fed dual-loop mobile handset antenna integrated with a USB connector. (b) A USB connector mounted on the
protruded ground. (c) Dimensions of the antenna’s metal pattern.

contributed to the antenna’s input impedance. This causes
shifting of the excited resonant modes to lower frequencies,
which is helpful in achieving decreased size of the internal
antenna for eight-band WWAN/LTE operation.

To achieve two wide operating bands for the desired
WWAN/LTE operation, the antenna is composed of two sepa-
rate shorted strips and a T-shape monopole encircled therein as
a coupling feed and a radiator as well. The two shorted strips
(strip 1 and 2) are of the same dimensions and are short-cir-
cuited to the protruded ground through the meandered shorting
strip. Each arm (arm 1/arm 2) of the T-shape monopole couples
to the open end of each shorted strip (strip 1/strip 2) through a
coupling gap of 0.5 mm. By tuning the length and of the two
arms (one is 23.5 mm and the other is 15.5 mm), two separate
quarter-wavelength loop resonant modes can be excited to form
a wide lower band to cover the desired 704–960 MHz band.
With the successful excitation of the quarter-wavelength loop
resonant mode [11], [24], which is different from the traditional
internal loop handset antennas operated at the half-wavelength
resonant mode as the fundamental or lowest-frequency mode
[25]–[31]. This leads to the size reduction of the internal loop
handset antennas for the WWAN/LTE operation.

By adjusting the width ( mm in the proposed design)
of the open-end sections of the two shorted strips, improved
impedance matching of the excited resonant modes, especially
the quarter-wavelength loop resonant modes, of the antenna can
also be obtained. Further, an additional higher-order loop res-
onant mode is generated to combine with two wideband reso-
nant modes contributed by the T-shape monopole [32] to form
a very wide upper band of larger than 1 GHz to cover the desired
1710–2690 MHz.

Note that in order to enhance the operating bandwidth, there
are widened portions (width mm) in the two shorted strips.
The widened portions and the meandered shorting strips are dis-
posed on a 0.8-mm thick FR4 substrate of size 8 55 mm and
placed orthogonal to the edge of the main circuit board. Strip
1 and 2 and T-shape monopole, except a portion (length 8 mm
and width 5 mm) of the central arm as the antenna’s feeding strip
made by a 0.2-mm thick copper plate, are disposed on a 0.8-mm
thick FR4 substrate of size 10 55 mm and placed parallel to
the protruded ground. The front end (point A) of the feeding
strip is the antenna’s feeding point, which is connected to a 50-
microstrip feedline of length 20 mm printed on the front surface
of the main circuit board. In the experiment for testing the fab-
ricated antenna (see photos in different views shown in Fig. 2),
the microstrip feedline is further connected through a via-hole
to a 50- SMA connector mounted on the back surface of the
main circuit board.

III. RESULTS AND DISCUSSION

Based on the dimensions given in Fig. 1, the antenna was fab-
ricated as shown in Fig. 2. Fig. 3 shows the measured and sim-
ulated return loss for the antenna. The simulated results are ob-
tained using HFSS (high frequency structure simulator) version
12 [33], and agreement between the measured data and simu-
lated results is seen. Two wide operating bands have been ob-
tained for the antenna. The lower band is formed by two reso-
nant modes which are contributed by the two coupled-fed loop
resonant paths provided by the antenna. Based on the band-
width definition of 3:1 VSWR (6-dB return loss) [34]–[36],
which is widely used as the design specification of the internal
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Fig. 2. Photos of the fabricated antenna in different views. (a) Front view. (b) Front view seeing the complete T-shape monopole. (c) Back view seeing the USB
connector on the protruded ground. (d) Front view seeing the widened portion and USB connector.

Fig. 3. Measured and simulated return loss for the proposed antenna.

WWAN/LTE handset antenna, the lower band covers the desired
704–960 MHz band. The upper band is formed by three resonant
modes and shows a bandwidth of larger than 1 GHz to cover the
desired 1710–2690 MHz band.

Fig. 4 shows the measured three-dimensional (3-D)
total-power and two-dimensional (2-D) radiation patterns
at typical frequencies. Note that the antenna is mounted at the
bottom of the main circuit board. The 2-D radiation patterns
are shown in three principal planes, and the normalization
for the field strengths in the three planes is the same. At 740
and 925 MHz, dipole-like radiation patterns are observed, and
omnidirectional radiation in the azimuthal plane ( – plane)
is seen. For higher frequencies at 1795, 1920 and 2350 MHz,
relatively large variations in the radiation patterns are seen.
The obtained radiation patterns are similar to those of many re-
ported internal WWAN handset antennas [3], [4]. Fig. 5 shows

Fig. 4. Measured three-dimensional (3-D) total-power and two-dimensional
(2-D) radiation patterns for the proposed antenna.

the measured antenna efficiency (mismatching loss included)
for the proposed antenna. Results are measured in a far-field
anechoic chamber. The measured radiation efficiency is about



4218 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 59, NO. 11, NOVEMBER 2011

Fig. 5. Measured antenna efficiency (mismatching loss included) for the pro-
posed antenna.

Fig. 6. Simulated return loss for the proposed antenna and the case with the
T-shape monopole only.

63–83% for the lower band and about 70–91% for the upper
band, which are good for practical mobile phone applications.

In the following, details of the operating principle of the an-
tenna and the excited resonant modes are discussed in Figs. 6
and 7. A parametric study of the major design dimensions is an-
alyzed in Figs. 8–11. Fig. 6 shows the simulated return loss for
the proposed antenna and the case with the T-shape monopole
only. It is seen that without the two shorted strips, the lower
band cannot be excited. On the other hand, a wide operating
band formed by two resonant modes (the first one at about 2.15
GHz contributed by arm 1 and the second one at about 2.7 GHz
contributed by arm 2) is obtained for the case with the T-shape
monopole only. This indicates that the T-shape monopole is also
an efficient radiator in the proposed antenna.

The simulated return loss for the proposed antenna and the
case with the coupled-fed loop on the left-hand side (arm 1 and
shorted strip 1) only is also shown in Fig. 7. It is seen that only
a resonant mode is excited at about 800 MHz and is far from
covering the desired lower band. An additional resonant mode
at about 2.7 GHz, which is a higher-order mode contributed
by shorted strip 1, is excited to enhance the bandwidth of the
antenna’s upper band. It is also noted that when arm 2 is not
present, the second resonant mode in the antenna’s upper band
cannot be excited.

A parametric study of the major design dimensions of the
antenna is also analyzed. Fig. 8(a) shows the simulated return
loss as a function of the length of arm 1. Other dimensions are
the same as in Fig. 1. Results for the length varied from 19.5
to 23.5 mm are presented. It is seen that the first resonant mode
in the antenna’s upper band shifts to lower frequencies with

Fig. 7. Simulated return loss for the proposed antenna and the case with the
coupled-fed loop on the left-hand side (arm 1 and shorted strip 1) only.

Fig. 8. Simulated return loss as a function of (a) the arm length � and (b) the
arm length � of the T-shape monopole. Other dimensions are the same as in
Fig. 1.

an increase in the length . This behavior is reasonable since
this resonant mode is mainly contributed by arm 1. In addition,
since arm 1 affects the coupling between the T-shape monopole
and the shorted strips, some variations in the impedance
matching of the antenna’s lower band are seen. The results for
the length of arm 2 varied from 13.5 to 17.5 mm are presented
in Fig. 8(b). Large effects on the second resonant mode in the
antenna’s upper band, which is mainly contributed by arm 2,
are seen. Similarly, since arm 2 affects the coupling between
the T-shape monopole and the shorted strips, some variations
in the impedance matching of other excited resonant modes
can be seen. Also, larger effects of the length of arm 2 than
the length of arm 1 on the frequency shifts of their respective
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Fig. 9. Simulated return loss for the proposed antenna and the case with a
simple linear shorting strip of length 8.8 mm. Other dimensions are the same
as in Fig. 1.

Fig. 10. Simulated return loss as a function of the open-end width � of the
shorted strips. Other dimensions are the same as in Fig. 1.

Fig. 11. Simulated return loss as a function of the width � of the widened por-
tions. Other dimensions are the same as in Fig. 1.

contributed resonant modes are probably because arm 2 has a
shorter length than arm 1, and hence the same length variation
will cause larger frequency shift seen in Fig. 8(b). In addition,
since arm 2 is shorter than arm 1, larger coupling variations for
a same length variation can be expected (see related discussions
in Fig. 10), which is also expected to result in larger frequency
shift seen in Fig. 8(b). The results shown in Fig. 8(a) and (b)
confirm that the first two resonant modes in the upper band are
contributed by the T-shape monopole and can be adjusted by
tuning the length and of arm 1 and 2.

Fig. 9 shows the simulated return loss for the proposed an-
tenna and the case with a simple linear shorting strip of length
8.8 mm. Shifting of the antenna’s lower band to lower frequen-
cies is achieved by using the meandered shorting strip to replace
the simple shorting strip. This is mainly because the meandered
shorting strip can lead to a longer loop resonant path, hence re-
sulting in the lowering of the excited loop resonant modes.

Fig. 12. Simulated surface current distributions on the major metal pattern of
the antenna.

Effects of the open-end section of the shorted strips are also
studied. Results of the simulated return loss of the open-end
width varied from 1 to 3 mm are shown in Fig. 10. Since the
open-end width can adjust the coupling between the T-shape
monopole and the shorted strips, large effects on the loop reso-
nant modes are seen. Also, large effects on the second mode in
the upper band, which is mainly contributed by arm 2, are seen.
This behavior is largely because arm 2 has a shorter length than
arm 1, and hence the coupling variations caused by the varia-
tions in the width will be larger for arm 1. Thus, the variations
in the width will lead to large effects on the resonant mode
contributed by arm 2.

Effects of the widened portions in the shorted strips are also
analyzed. Fig. 11 shows the simulated return loss for the width
of the widened portions varied from 4 to 8 mm. With increasing
width , enhanced bandwidth of the lower band is obtained. An
additional higher-order loop resonant mode at about 2.7 GHz
contributed by shorted strip 1 can also be excited with a widened
portion of or 8 mm, which enhances the bandwidth of the
upper band.

Simulated surface current distributions on the major metal
pattern of the antenna are presented in Fig. 12. From the surface
current distribution at 740 MHz, it is seen that the coupled-fed
loop on the left-hand side formed by arm 1 and shorted strip 1
is excited at its fundamental mode and there is no current null
along the resonant path. Similar results are seen at 1000 MHz
for the coupled-fed loop on the right-hand side formed by arm
2 and shorted strip 2. The results confirm that the two separate
quarter-wavelength resonant modes [37] are excited to form a
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Fig. 13. SAR simulation model and the simulated SAR values for 1-g tissue
for the proposed antenna.

wide lower band for the antenna. While at 1940 and 2350 MHz,
strong surface current distributions on arm 1 and arm 2 are seen,
which agrees with the discussion in Fig. 8. At 2700 MHz, the
surface current distribution agrees with the observation in Fig. 7,
in which the resonant mode at about 2700 MHz is related to
a higher-order resonant mode of the coupled-fed loop on the
left-hand side.

In addition, for practical applications, the SAR values of the
antenna should be less than 1.6 W/kg for 1-g head tissue [9].
To analyze the SAR results, Fig. 13 shows the SAR simula-
tion model and the simulated SAR values for 1-g head tissue
for the antenna. In the simulation model, the typical parameters
of the head phantom liquid are ,
at 900 MHz, and , at 1800 MHz.
The simulated results are obtained using the SPEAG simula-
tion software SEMCAD X version 14 [38]. The main circuit
board with the antenna mounted at the bottom is placed close to
the head phantom with a 5-mm distance to simulate the thick-
ness of the handset housing. At each testing frequency (cen-
tral frequencies of the eight operating bands), the SAR values
are tested using input power of 24 dBm for the GSM850/900
(859, 925 MHz) system and 21 dBm for the GSM1800/1900/
UMTS (1795, 1920, 2045 MHz) and LTE700/2300/2500 (740,
2350, 2595 MHz) systems [39]–[41]. The return loss given in
the table shows the impedance matching level at the testing fre-
quency. The obtained SAR values are well below the SAR limit
of 1.6 W/kg, indicating that the antenna is promising for prac-
tical handset applications.

IV. CONCLUSION

A promising internal eight-band WWAN/LTE antenna inte-
grated with a USB connector at the bottom edge of the mobile
handset has been proposed. The antenna is mounted above
a protruded ground extended from the main ground plane
of the handset, which allows the antenna to integrate with a

USB connector disposed on the protruded ground. Further,
two coupled-fed loop resonant paths capable of generating
quarter-wavelength modes have been provided by the antenna.
The proposed design makes the antenna not only capable of
WWAN/LTE operation but also suitable to integrate nearby
associated elements such as a USB connector at the bottom
edge as the data port of the handset. Good far-field radiation
characteristics for frequencies over the eight operating bands
have also been observed. Acceptable near-field emission of the
antenna with its SAR values for 1-g head tissue well less than
1.6 W/kg has been obtained. From the results shown in this
study, the proposed antenna is promising for practical applica-
tions in a smartphone for eight-band WWAN/LTE operation.
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