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Abstract—An eight-element multiple-input-multiple-output antenna system which consists of H-
shaped slot antennas is presented around the handset frame for 5G applications. Each antenna element
consists of an H-shaped radiating surface and an L-shaped microstrip feeder. In the frequency bands
of 3.4-3.6 GHz and 4.7-5.1 GHz, the isolation is lower than —15dB by introducing the ladder-shaped
defect ground structure. The antenna efficiency is 50%-81%, and the envelope correlation coefficient
is lower than 0.02 among antenna elements. The measurement results agree well with the simulation
ones, indicating that the proposed antenna can satisfy the requirements of 5G communication.

1. INTRODUCTION

Recently, multiple-input-multiple-output (MIMO) technology in 5G handsets has been widely used for
high data rates and throughput scenarios [1-5]. Besides, it has become a trend to design multiple
antennas in a compact space of handset. However, how to reduce the mutual coupling between the
adjacent antennas especially eight-element MIMO antennas in one handset is a critical problem.

In [6], an single-frequency MIMO antenna is proposed, which consists of six monopole elements and
four slot elements arranged alternately. The isolation between adjacent antennas is only —11 dB without
any decoupling structure. Liu et al. propose a dual-band eight-element PIFA antenna with bandwidth of
170 MHz at a center frequency of 2.6 GHz and bandwidth of 300 MHz at a center frequency of 5 GHz [7].
The vertical metal patch increases the isolation to —12.5dB on the corner of the terminal and —10dB
on the edge. In [8], a four-band eight-element MIMO antenna is presented. Four monopole antennas
of different shapes, F, C, L, and S, are used as the radiation surface of each antenna element. The
protruding structure of inverted-m is used as a decoupling element to increase the isolation to —20dB.
Each antenna element occupies a space of 15 x 25 x 1.6 mm? on the side of the terminal, which is not
suitable to integrate in a handset. Li et al. design a high-isolation eight-element MIMO antenna with
balanced open slots as antenna elements [9]. The isolation between antenna elements is higher than
—17.5dB, and the efficiency is greater than 62% by reducing the ground effect. However, this antenna
only covers a single operating frequency band of 3.4-3.6 GHz. Compared with the various types of
antennas proposed above, slot antennas [10, 11] can be easily integrated into an compact terminals with
high efficiency and high performance.

In this letter, an eight-element multiple-input-multiple-output antenna system which consists of
H-shaped slot antennas operating in 3.4-3.6 GHz and 4.7-5.1 GHz for 5G handsets is presented. This
antenna system is designed around the frame of the handset to save space and reduce isolation. The
rectangular open end is added into H-shaped main radiating surface to cover the dual bands. Moreover,
the isolation among adjacent antennas can be effectively reduced by adjusting the length and width of
the defective ground structure (DGS). This letter measures the antenna characteristic and performance,
including S-parameters, radiation patterns, antenna efficiencies, and the envelope correlation coefficients
(ECC).
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2. ANTENNA DESIGN AND ANALYSIS

The proposed eight-element multiple-input-multiple-output antenna system which consists of H-shaped
slot antennas is symmetrically designed on an FR4 substrate (&, = 4.4 and § = 0.02) with thickness of
1mm, as shown in Figure 1(a). The dimension of the handset system is 140 x 70 x 1 mm? which is a
typical dimension for a 5-inch handset. Each antenna element occupies a small space of 18.3 x 2.5 mm?
and the H-shaped slot as the main radiation surface of the antenna element. Figure 1(b) shows the
dimensions of each slot antenna element, and the detailed values of the parameters are given in Table 1.
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Figure 1. Geometry of the MIMO antennas: (a) overall view; and (a) detailed dimensions of antenna
element.

Table 1. Parameters of each slot antenna.

Name | Antl | Ant2 | Ant3 | Ant4 | Ant5 | Ant6 | Ant7 | Ant8
L/mm | 18.24 | 18.20 | 17.90 | 18.15 | 18.10 | 17.57 | 18.05 | 18.20
Ll/mm | 7.10 | 750 | 7.10 | 7.80 | 6.80 | 6.87 | 7.20 | 7.30
L2/mm 10.50 | 10.40 | 10.20 | 10.35 | 10.70 | 10.10 | 10.05 | 10.10
L3/mm | 544 | 6.10 | 5.30 | 5.56 | 6.40 | 5.07 | 5.50 | 5.60
L4/mm | 520 | 550 | 490 | 535 | 580 | 4.80 | 4.95 | 5.00
L5/mm | 0.65 | 1.00 | 0.60 | 1.00 | 1.00 | 0.60 | 0.80 | 0.80
h/mm | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50
h1/mm | 1.00 1.10 1.00 1.00 1.10 1.10 0.80 0.80
h2/mm | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
h3/mm | 1.30 1.50 1.30 1.60 1.50 1.40 1.20 1.20

Compared with the rectangular slot, the H-shaped slot reduces the width of the slot radiator and
increases the size of the ground, which makes it easier to achieve high isolation and efficiency of the
antenna. The rectangular open end of 0.5 x 0.5 mm? divides the radiation surface into two parts, which
is added in the upper portion of the H-shaped slot. The right part of L2, L4, h, and h2 generates the
low-order mode to cover the 3.4-3.6 GHz band, while the left part of L1, L3,hl, and h3 generates the
high-order mode to fully cover the 4.7-5.1 GHz band.

Figure 2 shows the surface current distribution of each antenna element at the resonant frequency,
and the arrow is the current flow direction. The L-shaped microstrip line printed on the front surface
of the substrate is used for coupling and feeding, which forms a microstrip line-gap coupling feeding
structure. The lengths in the horizontal and vertical directions are 5.3 mm and 4 mm, respectively. The
antenna matching can be optimized by adjusting the port positions.
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Figure 2. Current distribution on the antenna surface: (a) at 3.5 GHz; and (b) at 4.9 GHz.
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Figure 3. Current distribution on the antenna surface: (a) adding ladder-shaped DGS decoupling
structure; and (b) without decoupling structure.

In order to reduce the interference between adjacent antennas in a compact space, a ladder-shaped
DGS is designed. As shown in Figure 3, the current surrounds the defect to obtain the stopband
characteristics and changes the antenna surface current distribution on the ground, thereby achieving
good performance of diversity and multiplexing.

3. RESULT AND DISCUSSION

To verify the performance of the proposed antenna, a prototype is fabricated and measured, as shown in
Figure 4. This MIMO antenna is simulated in CST Microwave Studio V18 and measured with Agilent
E5072C vector network analyzer. The excitation port is connected to the test cable, while the irrelevant
ports are terminated to 50-) broadband matched loads.

Figure 5 shows the simulated and measured S-parameters for Ants 1, 3, and 7. The simulated
—10dB impedance bandwidths are 280 MHz (3.34-3.62 GHz) and 460 MHz (4.67-5.13 GHz), which is
sufficient to support the required Sub-6 GHz band. The simulated S;3 with a DGS is below —20dB,
and S77 without decoupling structure is also below —17 dB. The measured reflection coefficient is lower
than —10dB in 3.41-3.58 GHz and 4.75-5.13 GHz bands, and the measured S13 and S77 are lower than
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Figure 5. The S parameters for Ants 1, 3, 7: (a) reflection coefficients; and (b) transmission coefficients.

—15.2dB. It can be observed that the results of the measured and simulated S-parameters are in good
agreement.

Figure 6 shows the simulated and measured 2-D radiation patterns of Ants 1, 3, 7 in the F-plane
(YZ) and H-plane (XZ). Due to the directional radiation characteristics of the slot antenna and the
different positions of each antenna relative to the ground, the concentration of the antenna radiation
pattern changes at certain angles. The difference between the simulation and measurement results may
be the interference factors caused by the SMA connector and the measurement environment that are
not considered in the simulation.

Since the DGS weakens the ground current while decoupling, the efficiency has a sinking point. As
shown in Figure 7, the simulated results are always better than 70% within the operating frequency
band. The measured antenna efficiencies are 50%—68% in the 3.5-GHz band and 55%—-70% in the 4.9-
GHz band. From the above measured results, it is confirmed that the proposed eight-element MIMO
antenna can achieve good performances to meet the requirements for 5G terminal applications.

The diversity performance of MIMO antennas can be evaluated in terms of ECC. Assuming that
the channel propagation model is uniformly distributed and the incident waves are isotropic in both
directions of horizontal and vertical polarization, ECC can be calculated from the 3-D Complex E-field
patterns of adjacent MIMO antenna elements as

2

1 E1(0,0) - Bx(0,6)| a0

(1)

Pe = 5

:!ﬂf

where E1(6, ¢) and E5(6, ¢) are the electric field intensities of Antl and Ant2, respectively. As shown

B(0.0)] do ff
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Figure 6. 2-D radiation patterns of the Ants 1, 3, and 7: (a) in the H-plane at 3.5 GHz; (b) in the
H-plane at 4.9 GHz; (c) in the E-plane at 3.5 GHz; and (d) in the E-plane at 4.9 GHz.
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Figure 7. Radiation efficiencies of proposed Ants  Figure 8 ECC of the proposed MIMO antenna.
1,3 and 7.

Table 2. Comparison of the proposed MIMO antenna works.

Reforence Dimension of 1= fu ( GHZ) Minimum Maximum BECC
each element isolation (dB) | efficiency (%)
[6] 17 x 4 mm? 3.3-3.60 (—10dB) —10 76 0.15
[7] 17 x 6 x 2.8mm?>| 2.52-2.68, 4.75-5.05 (—6dB) —10 83 0.20
9 0.80-0.97, 1.80-2.87,
8] 25 x 15 mm —20 90 0.14
3.40-3.80, 5.15-5.85 (—10dB)
[9] 20 x 3 mm? 3.40-3.60 (—10dB) —-17.5 76 0.05
[12] 24.8 x 6.2 mm? 3.40-3.60 (—10dB) —20 70 0.01
This work | 18.3 x 2.5mm? | 3.40-3.60, 4.70-5.10 (—10dB) -15 81 0.02

in Figure 8, the ECC is less than 0.02 in both operating bands and shows good spatial diversity
characteristics.

Table 2 shows a comparison of this antenna with some other MIMO antenna works. Compared
with [6-9, 12], the proposed antenna occupies less space with good isolation, high efficiency, and low
ECC. Moreover, the proposed antenna designed around the handset frame cannot be easily interfered
by various bottom components and is applicable to the currently popular full-screen mobile terminal.

4. CONCLUSION

In this letter, an eight-element multiple-input-multiple-output antenna system which consists of H-
shaped slot antennas operating in 3.4-3.6 GHz and 4.7-5.1 GHz is presented for 5G mobile terminals
applications. The dual-band characteristic is achieved by cutting a rectangular open end in the upper
portion of the H-shaped slot. Moreover, the isolation among adjacent antennas is improved by etching
the ladder-shaped DGS. The maximum efficiency in the operating frequency band is 81%, and the
ECC is lower than 0.02. The simulated and measured results show that the antenna can generate good
radiation diversity characteristics and satisfy the requirements of 5G communications.
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