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Abstract—In this paper, a multi-band antenna based on a
single ring slot is proposed for 5G smartphone applications. The
proposed antenna consisting of a full metal frame and a ring slot
operates at three frequency bands of 5G communications in Chi-
na which are 2.515-2.675 GHz, 3.4-3.6 GHz and 4.8-4.9 GHz. By
inserting grounded stubs, the antenna at three frequency bands
is constructed. The advantages of the proposed antenna include
multi-band operation, high isolation and compact structure.

Index Terms—5G, metal rim, slot antenna, MIMO.

I. INTRODUCTION

In recent years, smart mobile phones or smartphones with
metal frames are investigated due to their sufficient mechanical
strength and good appearance [6]. However, the metal frame
of a mobile phone affects the performance of its antenna
seriously. The coupling between the metal frame and the
antenna results in that the impedance matching, efficiency and
other performance of the antenna deteriorate.

Many designs with metal rim structures have been proposed
[1]-[10]. In [1], a dual-loop antenna with an unbroken copper
metal rim is proposed, which is capable of covering seven
operating bands. The advantage of the antenna in [2] is that
eight bands can be covered with an only 2 mm ground
clearance and a metal frame. In [3], the full metal rim and
protruding ground are combined to solve the real-world planar
unbroken metal-rimmed handset problem. A compact building
block with two shared aperture antennas is applied in [4].
A dual-loop antenna is proposed in [5], which can excite
multiple loop modes by a coupled feedline with a simple
matching circuit. In [6], metal-rimmed 4G/5G antennas for
smartphone applications are proposed, where 4G and 5G
antennas are combined as two different parts of the metal rim
by a single ring slot between the metal rim and the metal
ground of smartphone. A wideband integrated dual-antenna
pair with a shared radiator is proposed for metal-rimmed smart
mobile phones in [7] and an IFA covering wireless wide area
network/LTE bands is proposed based on a metal rim with two
slits in [8]. In [9] and [10], characteristic modes are utilized to
analyze the metal-framed phone antennas. The metal-rimmed
phone antennas above only cover one or two bands in Sub-6
GHz bands of 5G communications.
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To improve the capacity of the communication systems,
MIMO antennas are applied in smartphones [11]-[16]. In
[11], a 4x4 MIMO antenna and an 8x8 MIMO antenna
are formed by the tightly arranged orthogonal mode pairs.
A neutralized line between the two middle antenna units is
introduced to reduce the mutual coupling in [12]. A MIMO
antenna with the compact two-antenna building block in the
smartphone is presented in [13]. The building block is formed
by two gap-coupled loop antennas having asymmetrically
mirrored structures with respect to the ground plane of the
smartphone. Slot antennas on the metal ground without metal
rim are proposed in [14]-[15]. A MIMO antenna consisting
of 10 elements which operates from 3.4 to 3.8 GHz in
the smartphone is presented in [14] and an eight-element
MIMO antenna operating from 3.4 to 3.6 GHz is proposed
in [15]. Although these antennas have acceptable isolation and
envelope correlation coefficient (ECC), there are no metal rims
in these antennas.

In this paper, the metal frame is designed as a part of the
antenna for 5G MIMO smartphones. The novelty of this design
is that the 2 mm ring slot between the metal frame and the
metal ground is employed, instead of using the rest of the
phones space. In traditional smartphone antenna designs, the
slot antennas in the metal ground lead to weak isolation, and
the incomplete metal frame does not have enough mechanical
strength. In this design, three slots with different lengths are
used to excite three frequency bands of 5G communications in
China. Moreover, the design and manufacture of the antennas
are quite simple.

The remainder of this paper is organized as follows. Section
IT describes the design of the antenna, and Section III gives
the simulated and measured results of the proposed antenna.
Section IV concludes the design.

II. ANTENNA DESIGN AND ANALYSIS

The configuration of the proposed multiband antenna is
shown in Fig. 1. The whole dimension of the proposed
geometry is 150 x 74 x 7 mm3. A 1 mm-thick Taconic RF-
30A substrate (¢,=3.0, tand =0.0014) is employed as the main
board of the smartphone. A metal ground plane is printed at
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Fig. 1. Geometry of the antenna: (a) 3D view; (b) front view; (c) back view.

TABLE 1
SPECIFIC DIMENSIONS OF ANTENNAS

Parameter Lo Ly | Lo | Wo Wi Wa
Value (mm) | 150 | 54 | 15 74 1 2
Parameter ho h1 ho d do ds
Value (mm) 7 16 8 50 | 234 | 323

the back side of the Taconic RF-30A. The size of the metal
ground is 146 x 70 mm?2. The 2 mm-thick metal plates with
7 mm height are vertically placed around the ground plane to
imitate the metal rim of smartphones. A 2 mm-wide single
ring slot between the metal frame and the ground can be seen
in Fig. 1. By adding grounded stubs between the metal rim
and the ground, the single ring can be divided into multiple
slots which resonate at different frequency bands.

On the two long borders of the mobile phone, a 4x4 MIMO
antenna (Ant 4-7) is designed at 3.5 GHz by utilizing eight
grounded stubs. Along the two short borders of the mobile
phone, a slot antenna (Ant 1) working at 2.6 GHz and a
2x2 MIMO slot antenna (Ant 2-3) operating at 4.9 GHz are
designed. After optimization, the dimensions of the antenna
are shown in Table L.

(a)

Fig. 2.
view.

The photographs of the proposed antenna (a) Top view, (b) back
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Fig. 3. Simulated and measured reflection coefficients of the antennas.
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Fig. 4.
antennas.

Simulated and measured transmission coefficients of the MIMO

Isolation between the antennas is one of the key charac-
teristics since the mutual coupling affects the performance of
the MIMO antennas. Thus, a simple isolation enhancement
method between the adjacent slot antenna elements is imple-
mented to get a better performance. The currents between two
adjacent antenna elements may be transmitted along the slot,
which results in weak isolation. A solution is that grounded
stubs are inserted at an appropriate position of the slot to
suppress the surface currents. As the distance /s; between Ant
4 and Ant 6 changes, the grounded stub has a different degree
of current suppression. when iy = 16 mm (M4 at 3.5 GHz),
the best isolation is achieved. The same method is applied to
the lengths of Ay for reducing Sogs.
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Fig. 5. Simulated and measured radiation patterns at (a)-(b) 2.6 GHz (Ant
1), (c)-(d) 3.5 GHz (Ant 5), (e)-(f) 4.9 GHz (Ant 3) for the proposed antenna.

III. RESULTS AND DISCUSSION

The proposed multi-band metal-rimmed antenna for 5G
smartphones is simulated with Ansys HFSS-17. To verify the
performance of the design, the proposed antenna is fabricat-
ed and measured. The fabricated prototype of the proposed
antenna is shown in Fig. 2. Fig. 3 shows the simulated and
measured reflection coefficients of several antenna elements
(Antl, Ant2, Ant3, Ant4, Ant5, Ant6, Ant7). As shown in
Fig. 3, the measured results are in good agreement with the
simulated results. However, slight discrepancies are observed
at Mea. Soo, Mea. Sgg and Mea. S77, which probably results
from the fabrication tolerances and measurement errors. The -
6 dB impedance bandwidths are able to cover three frequency
bands of 2515-2675 MHz, 3400-3600 MHz and 4800-4900
MHz. Across the operating bands, the transmission coefficients
(also known as isolations) between the antenna elements are
below -12 dB, see Fig. 4. Fig. 5 shows the simulated and
measured radiation patterns of the proposed antenna at the
resonant frequencies of 2.6 GHz, 3.5 GHz and 4.9 GHz.
The maximum gain of antennas is 5.7 dBi. Apparently, the
simulation and measurement validate well with each other.

IV. CONCLUSION

A multi-band metal-rimmed antenna for 5G communica-
tions is presented. By utilizing three slot antennas of different
lengths, the three main frequency bands of 5G in China are
covered. A current suppression method is applied between
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the adjacent antennas, which improves the isolation between
different antennas. The isolations among all the ports for the
proposed antenna are better than 12 dB.

ACKNOWLEDGMENT

This work was supported in part by the National Natural
Science Foundation of China under Grants 62071306 and
61801299, in part by the Mobility Program for Taiwan Young
Scientists under Grant RW2019TW001, and in part by the
Shenzhen Science and Technology Program under Grants
GJHZ 20180418190529516 and JSGG20180507183215520.

REFERENCES

[1]1 Y. Ban, Y. Qiang, Z. Chen, K. Kang and J. Guo, “A dual-loop
antenna design for hepta-band WWAN/LTE metal-rimmed smartphone
applications,” IEEE Transactions on Antennas and Propagation, vol. 63,
no. 1, pp. 48-58, Jan. 2015.

[2] D. Huang, Z. Du and Y. Wang, “Eight-band antenna for full-screen
metal frame LTE mobile phones,” IEEE Transactions on Antennas and
Propagation, vol. 67, no. 3, pp. 1527-1534, Mar. 2019.

[3] B. Yuan, Y. Cao, G. Wang and B. Cui, “Slot antenna for metal-rimmed
mobile handsets,” IEEE Antennas and Wireless Propagation Letters, vol.
11, pp. 1334-1337, Nov. 2012.

[4] A.Ren, Y. Liu and C. Sim, “A compact building block with two shared-
aperture antennas for eight-antenna MIMO array in metal-rimmed
smartphone,” IEEE Transactions on Antennas and Propagation, vol. 67,
no. 10, pp. 6430-6438, Oct. 2019.

[5] L. Zhang, Y. Ban, C. Sim, J. Guo and Z. Yu, “Parallel dual-loop
antenna for WWAN/LTE metal-rimmed smartphone,” IEEE Transactions
on Antennas and Propagation, vol. 66, no. 3, pp. 1217-1226, Mar. 2018.

[6] Q. Chen et al., “Single ring slot-based antennas for metal-rimmed 4G/5G
smartphones,” IEEE Transactions on Antennas and Propagation, vol. 67,
no. 3, pp. 1476-1487, Mar. 2019

[7]1 L. Sun, Y. Li, Z. Zhang and Z. Feng, “Wideband 5G MIMO antenna

with integrated orthogonal-mode dual-antenna pairs for metal-rimmed

smartphones,” IEEE Transactions on Antennas and Propagation, vol.

68, no. 4, pp. 2494-2503, Apr. 2020.

Y. Liu, Y. Zhou, G. Liu and S. Gong, “Heptaband inverted-F antenna for

metal-rimmed mobile phone applications,” IEEE Antennas and Wireless

Propagation Letters, vol. 15, pp. 996-999, Oct. 2016.

[9] R. Luomaniemi, J. Hannula, R. Kormilainen, A. Lehtovuori and V.

Viikari, “Unbroken metal rim MIMO antenna utilizing antenna clusters,”

IEEE Antennas and Wireless Propagation Letters, vol. 18, no. 6, pp.

1071-1075, Jun. 2019.

Y. Liu, J. Zhang, A. Ren, H. Wang and C. Sim, “TCM-Based hepta-

band antenna with small clearance for metal-rimmed mobile phone

applications,” IEEE Antennas and Wireless Propagation Letters, vol. 18,

no. 4, pp. 717-721, Apr. 2019.

L. Sun, H. Feng, Y. Li and Z. Zhang, “Compact 5G MIMO mobile

phone antennas with tightly arranged orthogonal-mode pairs,” IEEE

Transactions on Antennas and Propagation, vol. 66, no. 11, pp. 6364-

6369, Nov. 2018.

J. Guo, L. Cui, C. Li and B. Sun, “Side-edge frame printed eight-

port dual-band antenna array for 5G smartphone applications,” [EEE

Transactions on Antennas and Propagation, vol. 66, no. 12, pp. 7412-

7417, Dec. 2018.

K. Wong, C. Tsai and J. Lu, “Two asymmetrically mirrored gap-coupled

loop antennas as a compact building block for eight-antenna MIMO

array in the future smartphone,” IEEE Transactions on Antennas and

Propagation, vol. 65, no. 4, pp. 1765-1778, Apr. 2017.

J. Lu, H. Chang and K. Wong, “l0-antenna array in the smartphone for

the 3.6-GHz MIMO operation,” in Proc. IEEE Antennas Propag. Soc.

Int. Symp. Vancouver, BC, 2015, pp. 1220-1221.

Y. Li, C. Sim, Y. Luo and G. Yang, “High-isolation 3.5 GHz eight-

antenna MIMO array using balanced open-slot antenna element for 5G

smartphones,” IEEE Transactions on Antennas and Propagation, vol.

67, no. 6, pp. 3820-3830, Jun. 2019.

[8

[10]

(1]

[12]

[13]

[14]

[15]

Authorized licensed use limited to: SHENZHEN UNIVERSITY. Downloaded on March 12,2021 at 15:39:13 UTC from IEEE Xplore. Restrictions apply.

757



