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In this paper, we propose a low-profile and small wideband multiple-input multiple-output
(MIMO) antenna for laptop device sensor network applications, which includes long term evolution
(LTE)/wireless wide area network (WWAN) bands, where operating frequencies are 698-960 and
1710-2690 MHz. The proposed antenna is composed of two subantenns: a monopole antenna and
a coupled loop antenna. The proposed antenna has dimensions of 62.8 x 11.8 x 0.4 mm?, good
antenna impedance bandwidth, nearly omnidirectional radiation patterns, antenna isolation of —15
dB, and an ECC value of only 0.01. Thus, it is very suitable for the sensor network applications
of small LTE/WWAN band laptop devices, including modern commercial LTE (700/2300/2500),
WWAN (850/900), process control system (PCS), distributed control system (DCS), and universal
mobile tellecommunications system (UMTS) standards.

1. Introduction

Owing to the tendency to miniaturize of modern electronic devices, laptop antennas are also
following the trend of small size and wideband for wider applications, and this has become a
challenge to laptop antenna designers. Recently, the dominant operating bands of the most popular
laptop devices have been the long term evolution (LTE)/wireless wide area network (WWAN),
which operates for 2G, 3G, and 4G applications.!"3 The operating bands of LTE include 698-960,
1710-2690, and 3400-3800 MHz. For the GSM850/900, distributed control system (DCS), process
control system (PCS), and universal mobile tellecommunications system (UMTS) standards, the
operating bands are 824-960 and 1710-2170 MHz.¢-® Hence, most laptop devices include two
main wide operating bands of 698-960 and 1710-2690 MHz."® The main design concepts of
modern laptop devices are the planar inverted-F antenna (PIFA) and the coupling loop, owing to
their simple structures, which reveal better impedance bandwidths as well as antenna properties.
Furthermore, compared to normal antennas (single input and single output), the multiple-input
multiple-output (MIMO) antennas enhance data transmission capacities and rates owing to
their multi-inputs and multi-outputs; therefore, this has recently become the most widely used
communication technology.

In this paper, using the MIMO antenna design technology, we propose two coupling loop
subantennas (Antenna 1 and Antenna 2) to resonate lower and upper bands (698-960 and 1710

*Corresponding author: e-mail: ccmin523@gmail.com
http://dx.doi.org/10.18494/SAM.2017.1531

ISSN 0914-4935 © MYU K.K.



492 Sensors and Materials, Vol. 29, No. 4 (2017)

—2690 MHz), which thus can cover the operating bands of LTE/WWAN for laptop devices.C-D
Because impedance bandwidth, isolation, and envelope correlation coefficient (ECC) are important
and practical design parameters for laptop devices, we present and investigate these parameters in
this study. Finally, antenna peak gains and efficiencies are also presented and analyzed.

2. Antenna Design

The proposed antenna was designed on FR4 substrates (thickness = 0.4 mm, ¢, = 4.4) using a
50-Q coaxial line to feed to a metal ground (166 % 120 mm?). Except for the main antenna pattern,
additional metal (thickness = 3 mm) was added to form a three-dimensional structure. Detailed
design patterns and parameters are shown and listed in Figs. 1 and 2 and Table 1. The proposed
antenna can be divided into two subantennas with the same dimensions and symmetric structure:
Antenna_1 (monopole antenna) and Antenna 2 (loop antenna). In addition, Antenna 1 is the

Antenna 1 Antenna 2

166

Fig. 1. Geometry of the proposed laptop antenna.

Fig. 2. Detailed structure of Antenna_1.

Table 1

Design parameters of Antenna_1 (unit: mm).

A B C D E F G H I J K L M N (0) P Q
628 213 26 11.8 207 0.7 107 6 444 2 1.5 222 48 1 185 05 3
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main radiation monopole antenna composed of two inverted-L structures, which resonate and
cover the upper band of 1710-2690 MHz. However, Antenna 2 is a loop antenna excited by the
main radiation pattern and mutual coupling with another inverted-L antenna to the ground plane
for better impedance matching and enabling it to resonate and cover the lower band of 698—960
MHz. The simulation results were obtained using the HFSS simulator, the measured results of the
proposed antenna were obtained from the network analyzer, and far-field measurements including
the efficiencies and peak gains were completed using the SATIMO system in a chamber.

3. Results and Discussion

The simulated and measured S,, (for Antenna 1) and S,, (for Antenna 2) are shown in Fig. 3;
the —6 dB dashed line for laptop antenna design is also presented. It can be seen that the proposed
wideband antenna can cover both lower (698-960 MHz) and upper (1710-2690 MHz) bands of
LTE/WWAN. We also found that the simulated and measured return losses reveal a slight mismatch
for both lower and upper bands because of the existence of parasitic capacitance, which causes
shifts in these two operating bands. As the distance between Antenna 1 and Antenna 2 is 4 cm,
the isolation is as shown in Fig. 4. It can be observed that for both lower and upper bands, owing
to the back-to-back structure of these two subantennas, the proposed antenna reveals very good
isolation (<—15 dB). Hence, the proposed antenna possesses good isolation for reducing the mutual
interference between these two subantennas.

From the ECC shown in Fig. 5, it can be seen that, from 698 to 2700 MHz, all the ECC values
were very stable and varied only between 0.025 and 0.035. Because of the smaller than 0.01 ECC
value variations between Antenna_1 and Antenna 2, an improvement in the 4G channel capacity of
the proposed antenna can be achieved easily. Figure 6 shows the 2D radiation patterns measured at
700, 1800, and 2600 MHz for the XY plane (azimuthal plane), XZ plane (elevation plane orthogonal
to the device ground plane), and YZ plane (elevation plane parallel to the device ground plane),
respectively. For a low frequency of 700 MHz, the antenna reveals a nearly omnidirectional
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Fig. 5. Measured envelope correlation coefficient.

Fig. 6. Measured radiation patterns for the LTE/
WWAN coupled loop antenna. (a) 700, (b) 1800, and
(c) 2600 MHz.

radiation pattern in the XY plane, which achieves good total radiated power (TRP) and total
isotropic sensitivity (TIS), and better transmission and reception can be obtained for the laptop
PC applications. Furthermore, for the XY plane at 1800 and 2600 MHz, variations of the radiation
patterns can be found, which can be applied to the complicated propagation environment.

The simulated and measured far-field characteristics were determined using the SATIMO
system in a chamber, such as antenna efficiencies (shown in Fig. 7) and peak gains (shown in Fig.
8). The lower and upper band efficiencies were 45-60 and 43—63%, and 48-82 and 46—72% for
Antenna_1 and Antenna_ 2, respectively. Furthermore, the lower and upper band peak gains were
0.3-2.8 and 2.3-5.2 dBi, and 0.1-2.7 and 1.8-5.5 dBi for Antenna 1 and Antenna_ 2, respectively.
These antenna characteristics are acceptable for modern applications, and for 4G fast data
transmission, the antenna can increase channel capacity owing to its small variation in the ECC
value. A photograph of part of the proposed antenna (Antenna_2) is presented in Fig. 9, which has
miniaturized dimensions of only 62.8 x 11.8 mm?.
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Fig. 7. Measured efficiencies of Antenna 1 and Fig. 8. Measured peak gains of Antenna 1 and

Antenna 2. Antenna_2.

Fig. 9. Photograph of Antenna 2.

4. Conclusions

In this paper, a low-profile wideband coupling loop MIMO antenna for laptop device sensor
network applications was presented that can cover modern LTE/WWAN bands of 698-960 MHz
and 1710-2690 MHz. The proposed antenna has miniaturized dimensions of 62.8 x 11.8 x 0.4
mm?, good antenna impedance bandwidth, nearly omnidirectional radiation patterns, antenna
isolation of —15 dB, and an ECC value of only 0.01. The optimal antenna peak gain is 4.77dBi and
the antenna efficiency is 79%; thus, the proposed antenna is very suitable for the sensor network
applications of small LTE/WWAN band laptop devices.
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