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A coupled-fed loop antenna with Octa-bands operation for long-term evolution (LTE) smartphones is proposed in this paper. The
antenna occupies a nonground space of only 6.5 mm x 72 mm, and two wide-band operations can be achieved by exploiting the
multimode characteristics of loop antenna and using high-pass matching circuits. In low band, the LTE700/GSM850/900
operation is achieved by the loop mode of 0.5 and matching chip capacitor which generates a dual-resonance mode at
0.74 GHz and 0.9 GHz. In high band, the 1 A mode, the 1.5 mode, and the 2 A mode of the entire loop are combined with the
0.51 mode of the left-side coupling loop to cover the DCS1800/PCS1900/UMTS 2100/LTE 2300/2500 operation bands. The
measured average realized gains and efficiencies are approximately 1.56 dBi/2.38 dBi and 55.3%/63.6% in the two bands, and a

good radiation pattern is achieved as well.

1. Introduction

Mobile long-term evolution (LTE) smartphone has become
an essential equipment for daily life bringing a lot of conve-
nience due to its integrated multifunction services, for
example, mobile communications, surfing the Internet,
GPS location, and e-payment. The increasing application
area will become more and more obvious in the future. As
a critical component of mobile smartphones, the antennas
with various configurations have been investigated widely
to cover multiple frequency bands maturing 2G/3G/4G
wireless communication services [1]. In addition, keeping
in view the customer’s demand for a large display screen
and a narrow frame, the height of the nonground space for
the handset antenna needs to be kept at a minimum. Gener-
ally, the height with less than 10mm fulfills the design
requirement of modern mobile phones [2]. So, designing a
multiband/wideband mobile antenna with less nonground
space is not only an essential requirement but also a major
technical challenge.

The design configuration of handset antennas can be
basically categorized into four distinct types: The first type
uses coupled-fed monopole antenna configuration for wide-
band or multiband applications [2]. The second one uses
reconfigurable technique to realize multiband operation [3].
The third one is the slot antenna configuration [4]. The
fourth one includes the various types of loop antenna [5-8].
Because of both multiresonant mode and high-efliciency
characteristics of the loop antenna, that is, the 0.5 mono-
pole mode, the 1 A dipole mode, the 1.5 A higher order mono-
pole mode, and the 2A higher order dipole mode [9], in
which the dipole mode offer better user experience due to
its balance characteristic [10], the loop antenna is first con-
sidered and developed for wideband or multiband antennas
of mobile phones comparing to other types of configuration.
However, generally, it is difficult to cover the 2G/3G/4G wire-
less communication bands completely using a single-loop
structure [9]. In order to meet the bandwidth requirement,
various hybrid composite structures were introduced to
cover the full LTE band, including loop/monopole/dipole
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FI1GURE 1: Geometry and dimensions of the proposed antenna. (a) Top view of the wideband antenna for Octa-band LTE/WWAN operation.
(b) Enlargement dimensions of the metal pattern in the antenna area. L=133.5, W=72, w, =12, w,=15.95, L, =4.3, L,=4.9, L,=3.8,

L, =25, wf, =1.7, wf, =0.5, and w,=43.5. Unit: mm.

antenna [10], loop/open-slot antenna [11], segmented dual-
loop antenna [12], and dual-loop metal-rimmed antenna
[7]. The objective of the hybrid combination is to add more
resonant modes and to enhance the bandwidth. Though the
abovementioned methods are effective to realize lager band-
widths, it is difficult and challenging to maintain the full
LTE band coverage if the height of nonground space con-
tinues to be reduced under the temptation of a large display
screen and a narrow frame.

In this paper, an Octa-band loop antenna with two wide
operating bands and a very small nonground height of only
6.5mm is presented. The lower band has a bandwidth of
0.7 GHz to 1.03 GHz (0.33 GHz or 38.2% bandwidth) to cover
the LTE700/GSM850/GSM900 systems, whereas the upper
band from 1.7 GHz to 2.69 GHz (0.99 GHz or 45.1% band-
width) covers the DCS1800/PCS1900/UMTS/TD-SCDMA/
LTE2300/2500 systems. The performance of the antenna is
studied using the ANSYS high-frequency structure simulator



International Journal of Antennas and Propagation

Jsurf [A_per_m]

1.0000e + 002
9.2857e + 001
8.5714e + 001
7.8571e + 001
7.1429¢ + 001
6.4286e + 001
5.7143e + 001

2.64 GHz

® Current null

5.0000e + 001
4.2857e + 001
3.5714e + 001
2.8571e + 001
2.1429¢ + 001
1.4286e + 001
7.1429¢ + 000
0.0000e + 000

FIGURE 2: Vector current distribution of the proposed antenna at frequencies of 0.9 GHz, 1.8 GHz, 2.1 GHz, 2.3 GHz, and 2.64 GHz.
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FIGURre 3: Simulated reflection coefficient for the proposed antenna
as a function of the ratio between L, and L,.

(HESS). A prototype of the antenna is fabricated and mea-
sured to verify the design.

2. Proposed Antenna Design

2.1. Antenna Configuration. Figure 1(a) presents the geometry
of the proposed coupled-fed loop antenna, while the planar
metal enclosure of the antenna can be seen in Figure 1(b).
The design employs a 0.8 mm FR4 substrate (dielectric con-
stant=4.4, loss tangent=0.02) with an outer dimension of
about 72mm x 139.5mm as the circuit board of the smart-
phone. The size of the system ground plane, printed on the
back layer of the substrate, was selected as 72 mm x 133 mm
so that 6.5 mm X 72 mm ungrounded areas on the top side of
the substrate can be utilized for the proposed antenna. A VIA
hole is placed so that a connection can be made, for antenna
testing, between the 50 () feeding strip-line and the inner con-
ductor of a 50 2 SMA connector. The external metal shell of
the SMA connector is soldered to the system ground plane.
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F1GURE 6: Simulated reflection coefficient for the proposed antenna as a function of (a) L, when the L, is kept unchanged and (b) L, when the

L, is kept unchanged.

The loop antenna is composed of an unequal-arm T-
shaped driven strip and a single-folded loop structure. It
should be mentioned that the loop configuration differs
from the reported loop antenna in the open literatures
[5-12]. As seen in Figure 1(b), both front ends of the pro-
posed loop antenna are connected to the system ground
plane and are capacitively coupled by the T-shaped strip.
A couple of folded microstrip lines are integrated with the
loop on both sides to excite half-wavelength fundamental
resonances at 0.9 GHz, which also resulted in smaller vol-
ume. Moreover, for bandwidth improvement purposes, a
bent metallic plate is connected to the top edge of the loop.
Figure 2 shows the simulated vector current distributions. It
is clearly seen that the complete interior length of the loop
is about 196 mm (equivalent to 0.5 A at 0.9 GHz) generating
the 0.5A, 1A, 1.5, and 21 modes at almost 0.9 GHz,
1.8 GHz, 2.3 GHz, and 2.64 GHz, respectively. Furthermore,
the folded loop path of B—C— D —E on the left side of
the ungrounded area is capacitively connected through a
narrow coupling gap of 1.1 mm to excite the 0.51 modes
at almost 2.1 GHz. The high-order resonance modes includ-
ing 1A, 1.5, and 21 modes, and 0.51 modes of the left
loop area are responsible for covering the DCS/PCS/
UMTS2100/LTE2300/2500 bands. An extra resonance was
also generated at 0.74 GHz by employing a 7.5nH chip
inductor and a 2.9pF chip capacitor forming a high-pass
circuit, which was combined with the fundamental mode
of the 0.5 loop mode; both GSM850/900 can be covered.
Lastly, two simulated bands ranging from 0.7 GHz to
1.03 GHz and 1.7 GHz to 2.69 GHz can be obtained to cover
Octa bands.

2.2. Parametric Studies. To better understand the influence of
the design parameters on the performance of the antenna, a
parametric study was carried out.

Figure 3 shows the reflection coefficient variation over
frequency for several values of the ratio between L, and L,.
The figure shows that variation of the ratio results in signifi-
cant shift ups of the second resonance (f,), while hardly alters
the first, third, and fourth resonances (f;, f;, and f,) in the
upper frequency band. However, when the ration exceeds
the value of 1, the third mode is shifted up and is merged
together with the fourth mode. Results have revealed that
the best performance is obtained when L,=4.3mm and
L,=49mm.

Figure 4 demonstrates the impact of varying the ratio
between w; and w, on the reflection coeflicient of the
antenna. It is clear from the figure that an increase in the ratio
results in the separation of both modes in the lower band,
and the second resonant mode (f,) in upper band shifts to a
lower frequency, but barely affecting the first, third, and
fourth modes. Furthermore, a continuous increase in the
ratio leads to a point where only one mode is generated in
the lower band, the third mode disappears, and the second
resonant frequency increases contrarily in the upper band.
The observations imply that better results can be achieved
by carefully adjusting the ratios.

The effect of varying the parameter w,, on the antenna
reflection coeflicient is shown in Figure 5. It is observed that
the parameter wy, has lager effect on the reflection coefficient
in the upper band as compared to that in the lower band.
Moreover, the number of resonant modes also increases with
increasing w,, that is, the number of the resonant modes
increases from one to four by increasing the value of w,, from
38 mm to 43.5 mm. However, further increase in w, does not
affect the number of the mode.

Figure 6 shows that the simulated reflection coeflicient
varies as a function of L, or L,, where wf, is equal to wf,
for choosing lager L,. One can notice that the variation of
L, and L, has stronger impact on upper bands than that on
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FIGURE 7: Effect of the ground plane on the reflection coefficient. (a) Width of the ground plane. (b) Length of the ground plane.
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FIGURE 8: (a) Fabricated antenna and (b) comparison of simulated and measured reflection coefficient of the proposed antenna.

lower bands. Among the four resonances of the high band,
only the f, resonance is shifted down greatly and the f; varies
slightly as L, is increased, and in contrast, both f; and f, res-
onant modes are shifted up when L, is increased. This is due
to the fact that in this case, the effective length of the long
loop is altered.

Figure 7 shows the effect of the ground plane on the
reflection coefficient, including the width and length of the
ground plane. It is seen clearly that as the width of the ground
plane is varied, a large change is produced in two operating
bands. This is because the size of the resonant loop is altered
and resonant frequency is deviated. However, when the
length L of the ground plane is increased from 113.5mm to
153.5mm, a slight effect on the length of the reflection

coefficient is produced in high-frequency bands, whereas a
large variation is observed in low bands and the second reso-
nance f; of the low band is shifted downward and the first
resonance f; has no change, which is due to the fact that
the first resonance is produced by using the high-pass circuit
and the 0.5 A loop mode generates the second resonance.

3. Experimental Results

The simulation results were verified by fabricating and test-
ing a prototype of the proposed design with the dimensions
provided in Figure 1. Figure 8(a) displays the photograph of
the fabricated antenna. The performance of the antenna
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F1Gure 9: Normalized radiation patterns at two resonant frequencies: (a) 0.9 GHz and (b) 1.8 GHz.
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was measured by using a multiprobe antenna test chamber
and Agilent N5230A series vector network analyzer.

3.1. Reflection Coefficient. Measured and simulated reflection
coefficients for the proposed antenna are compared in
Figure 8(b), where good agreement among the results is obvi-
ous. It is apparent from the figure that six resonant modes are
excited successfully at the frequencies of 0.74 GHz, 0.9 GHz,
1.73 GHz, 2.1 GHz, 2.3 GHz, and 2.64 GHz. It needs to be
mentioned that a single broadband is achieved by inten-
tionally merging the first two consecutive resonant modes
of the lower band. Similarly, the merging of rest of the
modes was done as well at the upper bands to attain a single
broadband. From the measured reflection coefficient curves
in Figure 8(b), it is observed that the measured reflection
coeflicient is less than —6dB over the frequency ranges of
about 0.7 GHz-1.03GHz (38.2%) in the lower band and
about 1.7 GHz-2.69 GHz in the upper band, which is wide
enough to cover full LTE band services.

3.2. Radiation Pattern. Figure 9 presents the radiation pat-
terns of the antenna. It is apparent from the figure that a
dipole-like radiation pattern is obtained at 0.9 GHz. It means
that in the azimuthal plane (xz plane), an omnidirectional
radiation pattern is presented, which is in accordance with
the pattern of the 0.5-wavelength monopole mode. It is fur-
ther observed that at higher frequencies, that is, 1.9 GHz
and 2.4 GHz, more variations and nulls appear in the pat-
terns as compared to that at 0.9 GHz. The achieved radiation
patterns are in similarity to those of several reported WWAN
handset antennas.

3.3. Realized Gain and Efficiency. The simulated and measured
gain and efficiency in the lower and upper bands are presented
in Figure 10. For the lower band, the radiation efficiency is
larger than 46.5% and the antenna gain varies from 0.56 dBi
to 2.57 dBi. For the upper band, the radiation efficiency is
about 45.5% to 81.75% and the antenna gain varies from
0.19dBi to 4.56dBi. It can also be noticed that the results

deteriorate around the resonant frequency 2.1 GHz of the
centered band. The deterioration may be a consequence of
the cancellation of a folded strip line with an opposite phase
at the left side. Nevertheless, the achieved efficiency and gain
values are still acceptable in practical mobile applications.

4. Conclusion

In this paper, a compact coupled-fed loop antenna with six
resonant modes for mobile smartphones was proposed. The
distinguishing attribute of the proposed antenna is that both
front ends of the folded loop line are connected to system
ground plane and the loop is fed capacitively by an unequal
T-shaped strip to produce two wide operating bands. The
dual resonance in the lower band, covering GSM850 and
GSM900 bands, is provided by the half-wavelength loop
mode in combination with a high-pass circuit. Other high-
order modes of the entire loop line and the 0.5 1 mode of
coupled loop at the left side are excited in the upper band to
produce four resonances for DCS, PCS, UMTS, LTE2300,
and LTE2500 operations. The measured results of the reflec-
tion coefficient and radiation characteristics of the proposed
antenna signify its suitability for smartphone applications.
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