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ABSTRACT: This paper presents a compact 8 x 8 multiple-input-multiple-output (MIMO) antenna system designed to operate across two
wide frequency bands suitable for fifth-generation (5G) mobile network and wireless local area network (WLAN) applications. Each
antenna element comprises a radiator, a feeding line, and a defected ground plane. Each radiator consists of a first L-shaped radiator
(FLR), a second L-shaped radiator (SLR), and an extra radiator (ER). To enhance the isolation, a defected ground structure (DGS) is
employed between the antenna elements. The presented antenna operates across three frequency bands, namely, 3.5 GHz (3.3 GHz-
3.8 GHz) and 4.9 GHz (4.8 GHz-5 GHz) 5G frequency bands, and 5.7 GHz (5.15 GHz-5.85 GHz) WLAN frequency band, exhibiting
excellent isolation, surpassing 15 dB in both lower and higher frequency bands. The overall efficiency exceeds 58%, with an envelope
correlation coefficient (ECC) value below 0.125. The simulation and measurement results are in good agreement.

1. INTRODUCTION

The current era is characterized by rapid information dis-
semination, driving the demand for innovative antenna so-
lutions. In recent years, fifth-generation (5G) mobile com-
munication technology has reached a pivotal stage of devel-
opment. This progress has seen the emergence of global
5G frequency bands, including N77 (3.3 GHz—4.2 GHz), N78
(3.3 GHz-3.8 GHz), and N79 (4.4 GHz-5 GHz), as well as fre-
quency ranges allocated for IEEE 802.11a/802.11n/802.11ac at
5.15-5.35 GHz and 5.725-5.85 GHz. In response to the need
for compatibility with both 5G and wireless local area net-
work (WLAN) technologies, the integration of multiple-input-
multiple-output (MIMO) technology has become essential [1].
While numerous antenna arrays have been designed for sub-
6 GHz bands [2-9], the focus on antennas suitable for both 5G
and WLAN frequencies has been limited, with only a few de-
signs available [11-15].

The challenge of isolating MIMO antenna elements due to
mutual coupling remains a significant issue in current research.
Various methods have been explored to address this challenge.
Previous studies, such as [2] and [3], did not employ specific
decoupling mechanisms between antenna elements; instead,
isolation was achieved through self-coupling. However, recent
research has focused on developing effective decoupling tech-
niques to enhance isolation performance. For instance, authors
introduce in [4] the use of balanced mode excitation (BME)
patterns to improve isolation. In another study [5], the imple-
mentation of F-shaped stubs demonstrated enhanced isolation
for an ultra-wideband (UWB) MIMO antenna array. While
the work presented in [6] achieved high levels of parasitic el-
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ement (PE) isolation, it also highlighted compromises in over-
all efficiencies among the decoupling elements in the antenna
systems. Moreover, the utilization of L-shaped stubs, as dis-
cussed in [7], contributed significantly to enhancing isolation
within specific operational bands while meeting isolation tar-
gets. To enable dual-polarized radiation, [8] proposed four pairs
of orthogonally dual-polarized loop-shaped antenna compo-
nents, incorporating Pattern of Directivity (PoD) and Polariza-
tion Adjustable Device (PaD) techniques for isolation. Lastly,
the design detailed in [9] features four dual-polarized square-
ring slot radiators fed by pairs of microstrip-line structures to
achieve improved isolation performance.

The coexistence of long term evolution (LTE) and wireless
fidelity (Wi-Fi) is discussed and evaluated in [10]. Similarly,
the relationship between 5G and WLAN is also homologous.
In [11-13], several multiband MIMO systems are devised to
realize two bands. The author utilizes an antenna element com-
posed of an L-shaped strip, a parasitic rectangular strip, and
a modified Z-shaped strip to encompass the 3.5 GHz and 4.9
GHz 5G bands [14]. An analogous structure is introduced
in [16] to accomplish a dual-band 5G/WLAN antenna. By us-
ing self-decoupled antenna pairs and shorted patch antennas,
[17] and [19] can counter 5G and WLAN bands, respectively.
An inverted-F antenna using a novel method of decoupling is
presented in [21]. Reference [22] details the design of eight L-
shaped slot antennas that incorporate stepped impedance res-
onators. These antennas are capable of generating signals for
both 5G and WLAN frequency bands.

This paper focuses on evaluating the functionality of a novel
8 x 8 MIMO antenna designed specifically for applications
in smartphones. The proposed MIMO antenna covers the
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FIGURE 1. Geometry and dimensions of the proposed dual-band 8-element MIMO antenna system (Unit: mm): (a) Comprehensive Diagram,

(b)Single antenna element.

3.3 GHz-3.8 GHz band (5G N77/N78 frequency bands) and
4.8 GHz-5.85 GHz band (5G N79 band and WiFi 5G band).
Each antenna element consists of a radiator, a feeder line, and
a defected ground plane. The isolation structure used in this
paper is the defected ground structure (DGS). It is important to
note that the excellent isolation in this paper does not require
the addition of extra parasitic elements as in [6], but rather is
accomplished by etching slots in the ground to isolate current
and magnetic fields. Performance metrics such as isolation lev-
els, envelope correlation coefficients (ECCs), and overall effi-
ciencies are achieved across the entire working band. The pro-
posed MIMO antenna has been fabricated and subjected to per-
formance analysis, including an assessment over the influence
of user’s hands.

2. ANTENNA GEOMETRY AND DESIGN

The proposed dual-band eight-component MIMO antenna sys-
tem, denoted as Ant. 1 through Ant. 8, is illustrated in Fig-
ure 1(a). The design has a length of 150 mm, a width of 75 mm,
and a thickness of 7 mm, while the dimensions of the board of
the antenna system are 150 mm x 73.4mm x 0.8 mm. Two
vertically mounted side frames on the sides of the system sub-
strate have dimensions of 150 mm x 7mm x 0.8 mm. Both
the system board and two side frames are constructed using an
FR-4 substrate with the dielectric constanct, €, = 4.4 and tan-
gent loss, tand = 0.02. Four antenna elements are mounted
on each side frame. On the reverse side of the main printed
circuit board (PCB), there is a printed ground plane. Addition-
ally, the eight radiating components are printed symmetrically
and consistently on the left and right frames of this device. Each
antenna element measures 8 mm x 7 mm. The detailed antenna
dimensions are shown in Figure 1. The distance from Ant. 1 to
the edge is 10 mm. The distances from Ant. 1 to Ant. 2 and from
Ant. 2 to Ant. 3 are 32 mm and 34 mm, respectively. Since the
system is symmetrical, the distances from Ant. 3 to Ant. 4, Ant.
5 to Ant. 6, and Ant. 7 to Ant. 8 are all 32 mm. The distance be-
tween Ant. 6 and Ant. 7 is 34 mm. Figure 1(b) shows the struc-
ture of an antenna element. The radiator consists of a first L-
shaped radiator (FLR), a second L-shaped radiator (SLR), and
an extra radiator (ER). Each radiator is connected to an exter-
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nal 50 €2 Sub-Miniature-A (SMA) connector via a via on the
system board. In Figure 1(b), the slot sizes are indicated. The
width and length of the microstrip feeding line are 1.5 mm and
8 mm, respectively. Table 1 lists all the dimensions shown in
Figure 1(b) and Figure 2.

TABLE 1. The optimized antenna dimensions.

Parameter L Ly Ls Ly Ls Le

Value (mm) 5 42 05 05 37 275
Parameter Ly Lg Lo Wi W, W3

Value (mm) 3.25 7 8 04 3.7 1
Parameter Wy Ws Ws E| E, Es

Value (mm) 1 1 0.5 2 10 8
Parameter E, F 2 B
Value (mm) 12 24 28 10

As shown in Figure 2, two types of DGS are highlighted with
red dashed rectangulars. One of the most practical methods for
enhancing isolation is the DGS approach, and this paper pro-
poses T-shaped slots and ITI-shaped slots. A T-shaped slot is 1
positioned between Ant. 1 and Ant. 2, which effectively con-
tributes to good isolations. The structures between Ants. 3 and
4, Ants. 5 and 6, and Ants. 7 and 8 also feature T-shaped slots.
An ITI-shaped slot is located between Ant. 2 and Ant. 3, and
another ITI-shaped slot is located between Ants. 6 and 7.

FIGURE 2. Geometry and dimensions of two defective ground struc-
tures.

The simulation results of the S-parameters of the proposed
MIMO antenna system are presented in Figure 3, which are
obtained by the using the commercial full wave simulator
— High-Frequency Structure Simulator (HFSS). Figure 3(a)
illustrates that the MIMO antenna effectively covers both
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FIGURE 3. Simulated S-parameters for the proposed MIMO antenna system: (a) Reflection coefficients, (b) Transmission coefficients.
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FIGURE 4. Simulated current distributions of Ant. 1 at: (a) 3.5 GHz, (b) 5.7 GHz.

the lower and upper frequency spectrum (3.3 GHz-3.8 GHz
and 4.8 GHz-5.85 GHz, respectively). Furthermore, Figure
3(b) exhibits that the isolation between Ant. 1 and Ant. 2
is better than 15dB in both the lower and higher frequency
bands. Figure 3(b) reveals that the isolation values, including
S12, 523, 534, 545, S56, S67, and Szg, consistently exceed
15dB.

The surface current distributions at 3.5 GHz and 5.7 GHz are
shown in Figure 4. At 3.5 GHz, the current is concentrated on
the FLR, the ER and the left and upper strips of the outside sur-
face . The bottom and right strips of the outside surface and the
SLR and ER play the role of generating strong surface current
at 5.7 GHz.

The proposed antenna must operate at dual bands in order
to meet the requirements of 5G and WLAN. The evolution of
the proposed antenna is depicted in Figure 5. The simulation
results of the S-parameters, including the transmission coeffi-
cients (S12) and reflection coefficients (S11), are illustrated in
Figure 6. Firstly, the rectangle patch antenna shown in Figure
5(a) operates in the 3.5 GHz frequency band. Additionally, the
isolation between Ant. 1 and Ant. 2 is less than 10dB and 15 dB
in the lower and higher frequency band, respectively. Secondly,
as depicted in Figure 5(b) , two slot antennas are staked on the
outside of the frame, and DGSs are employed for isolation. As
demonstrated in Figure 6, two bands deviate from the target
bands. Finally, as shown in Figure 5(c), the proposed antenna
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operates at the two bands with S7; lower than —6 dB and S5
lower than —15 dB.

Figure 7 illustrates the impact of the Lg value on both the
reflection coefficients of Antenna 1 and the isolation between
Antenna 1 and Antenna 2. With an Lg value of 2.25 mm, the re-
turn loss of Antenna 1 does not meet the requirements within the
specified frequency bands.Incrasing the value of Lg to 3.25 mm
results in an isolation below 15 dB in the lower frequency band.
The optimal value for L¢ is determined to be 2.75 mm.

The ECC is a useful metric for illustrating the MIMO effec-
tiveness of the proposed MIMO antenna. The simulation results
of ECC and DG are presented in Figure 8. ECC is a quantitative
measure that assesses the spatial correlation between two com-
ponents, and is related to diversity gain. Lower the ECC values
indicate greater diversity. Furthermore, a decreased ECC value
is highly promising for MIMO operations. ECC can be com-
puted using the following Equation (1)

ECC =
S )iz Aij (0, ¢) sin(0)dodg
VI iz 40(0.9) sin(0)d0d0 [, Ass (0. 0) sin(6)dbd

The calculated diversity gain (DG) is related to ECC in Equa-

tion (2)
DG = 10 x /1 — |ECC|?

()

@)
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FIGURE 8. ECC and diversity gain.
The ECC serves as a crucial criterion for illustrating the gain (MEG) and MEG1/MEG2 of the proposed antenna. The
MIMO effectiveness of the proposed antenna. Figure 9 shows peak realized gains are approximately 3.5 dB in 3.5 GHz band
the peak realized gain, channel capacity loss, mean effective and 6.8 dB in the 5.7 GHz band, respectively. Channel capacity
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FIGURE 9. MIMO performance parameters of the proposed antenna: (a) Peak realized gain, (b) Channel capacity loss, (¢) MEG, (d) MEG;/MEGj.
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FIGURE 10. Total efficiencies of Ant. 1, Ant. 2, Ant. 7, and Ant. 8.

loss (CCL) indicates the rate of information transmitted within
a communication channel without data loss. The values of CCL
can be calculated by Equations (3)—(6)

CCL = —log,(y™) (3)
Pii  Pij

oR = { j } 0
Pji  Pjj

pii = (1 — 18l - |Sij|2) ®)

pij = — (S5Sij + 85:Si;) fori,j=1or2  (6)

The MEG is determined for the MIMO antenna system and
is depicted in Figure 9(c) and Figure 9(d). The values of MEG;
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and MEG; are very close, with a difference of less than 3 dB
difference. The ratio of MEG; and MEGg; is close to 1, which
satisfies the equality criterion for the two antenna elements.

The simulated total efficiency is depicted in Figure 10. When
Ant. 1 operates independently, the total efficiencies range from
64% to 73% in the lower band and and from 72% to 84% in the
higher band. When Ant. 2 operates on its own, the total effi-
ciencies vary between 58% and 63% in the 3.5 GHz band, and
between 72% to 84% in the 5.8 GHz band. Based on these find-
ings, the feasible demand (better than 40%) for smartphones has
been met.

WWwWw.jpier.org



rPIER C

Shen et al.

FIGURE 11. Photographs of the fabricated antenna prototype: (a) Top

view, (b) Side view.
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FIGURE 13. The simulated and measured S-parameters of the proposed antenna: (a) Sii, (b) Sj;.
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FIGURE 12. Photograph of the measurement setup in the anechoic cham-
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FIGURE 14. Three-dimensional radiation patterns: (a) Ant. 1 at 3.5 GHz, (b) Ant. 1 at 5.7 GHz, (¢) Ant. 2 at 3.5 GHz, (d) Ant. 2 at 5.7 GHz.

3. SIMULATED AND MEASURED RESULTS

The photographs of the fabricated antenna prototype are
dipicted in Figure 11, and the measurement setup in the
anechoic chamber is shown in Figure 12. As depicted in

Figure 11, the feeding lines are connected to 502 SMA
connectors through vias on the ground plane of the system
board. The Keysight N5224A Vector Network Analyzer is
used for measurement.
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FIGURE 15. Simulated and measured normalized radiation patterns of Ant. 1: (a) 3.5GHz at H-plane, (b) 5.7 GHz at H-plane, (c) 3.5GHz at

E-plane. (d) 5.7 GHz at E-plane.
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FIGURE 18. Simulated S-parameters with user hand influence on the proposed 8 x 8 MIMO antenna system: (a) reflection coefficients. (b)

transmission coefficients.

The simulated and measured S-parameters are shown in Fig-
ure 13. The minor difference might be attributed to connection
effects, manufacturing tolerances, and mesurement errors. As
illustrated in Figure 13(a), the proposed MIMO antenna system
has the capacity to operate within the frequency ranges of both
3.3 GHz-3.6 GHz and 4.8 GHz-5.85 GHz. In both the lower
and higher frequency bands, the Sj; values are below —15 dB.

Figure 14 presents the simulated three-dimensional radiation
patterns for Ant. 1 and Ant. 2 at 3.5 GHz and 5.7 GHz. To keep
it concise, we only calculate the radiation patterns of Ant. 1
and Ant. 2 due to the symmetrical feature of the 8 x 8 MIMO
configuration.

Figure 15 shows the normalized two-dimensional (2D) ra-
diation patterns of Ant. 1 in both the H-plane and E-plane at
3.5GHz and 5.7 GHz. Figure 16 shows the normalized 2D ra-
diation patterns of Ant. 2 in both the H-plane and E-plane at
3.5GHz and 5.7 GHz.

4. USERS' HAND EFFECTS

To simulate and study the impacts of users’ hands on the per-
formance of the proposed 8-element MIMO antenna system,
ANSYS Electronics Desktop was employed. Taking the most
typical scenario, the read mode (RM, dual-hands mode), as an
illustration, the RM condition is depicted in Figure 17. Fig-
ure 18 illustrates the reflection coefficients and transmission
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coefficients of the 8 x 8 MIMO system. As shown in Figure
18(a), the shape and trend of the reflection coefficients of Ant. 4
are consistent with Ant. 1, as are Ant. 2 and Ant. 3, Ant. 5 and
Ant. 8, and Ant. 6 and Ant. 7. These results demonstrate the
symmetrical characteristics of these radiators. Antennas 1,2, 7,
and 8 exhibit the capability to provide a sufficiently wide fre-
quency response range (|S11| > 6 dB) that covers the 3.5 GHz
and 4.9 GHz 5G frequency bands in addition to the 5.8 GHz
WLAN frequency band. Meanwhile, Soo and S33 are consid-
erably impacted by the bands in the two operational bands. Ad-
ditionally, as exemplified in Figure 18(b), the proposed MIMO
antenna demonstrates isolations exceeding 13 dB and 16 dB in
the lower and higher frequency bands, respectively. The above
results suggest that the payoff is satisfying in terms of the an-
tennas performing well under the script of RM. Simulated total
efficiency in the presence of user’s hand is shown in Figure 19.

Table 2 summarizes the MIMO performance between the
presented MIMO antenna and the alternate ones. When com-
paring the same bandwidth listed in the table with references
[12—-15], [18] and [20], the advantaged MIMO antenna achieves
high efficiency, excellent isolation, and the lowest ECC. The
primary achievement of our work is the proposal of a smaller-
sized dual-band antenna element solution that offers improved
MIMO antenna performance.
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TABLE 2. A contrast between the proposed MIMO antenna and other references.

Reference  Operating band (GHz)  Isolation (dB) Efficiency (%) ECC Size (mm®)
LB:3.4-3.8(—6dB > 12 (LB 41-82 (LB 0.15 (LB
[12] ( ) (Lb) (LB) < (LB) 150 x 80 x 0.8
HB: 5.15-5.925 (—6 dB) > 12.5 (HB) 47-79 (HB) < 0.1 (HB)
13 LB:3.4-3.8(—6dB 11 (LB 42-65 (LB 0.15 (LB
[13] ( ) > 11(LB) (LB) < (LB) 150 x 80 x 0.8
HB: 5.15-5.925 (—6 dB) > 11 (HB) 62-82 (HB) < 0.2 (HB)
[14] LB: 3.4-3.6 (—6dB) > 17.1 (LB) 45-62 (LB) < 0.045 (LB) 150 x 75 x 0.8
HB: 5.725-5.875 (—6dB) > 34.6 (HB) 52-59 (HB) < 0.0001 (HB) .
[15] LB:3.3-3.6 (—6dB) > 12.8 (LB) > 71 (LB) < 0.18 (LB) 150 x 75 x 1
HB: 4.4-5 (—6dB) > 12.8 (HB) > 68 (HB) < 0.18 (HB)
1 LB:3.4-3.6 (—6dB LB LB .26 (LB
[18] 3.4-3.6 (—6dB) > 6 (LB) > 39 (LB) < 0.26 (LB) 63.5 x 63.5 x 0.5
HB: 4.8-4.97 (—6 dB) > 6 (HB) > 42.6 (HB) < 0.02 (HB)
20 LB:3.4-3.93(—6dB 10 (LB 50-75 (LB 0.23 (LB
[20] ( ) > 10(LB) g (LB) < (LB) 150 x 75 x 0.5
HB: 4.5-5.3 (—6dB) > 10 (HB) > 50-73 (HB) < 0.23 (HB)
This work LB:3.3-3.6 (—6dB) > 11 (LB) 58-75 (LB) < 0.125 (LB) 150 X 75 x 0.8
HB: 4.8-5.85 (—6 dB) > 14 (HB) 73-99 (HB) < 0.1 (HB) '
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5. CONCLUSION

In this paper, we present a dual-band §-element MIMO antenna
system designed for 5G and WLAN applications within a mo-
bile device. The system encompasses the radiating element,
feeder line, and slot to achieve this purpose.The position, is
crucial in producing two distinct bands. The suggested method
holds great promise for the feasible implementation of multi-
band MIMO technology in 5G smartmobile terminals, as it may
feature a small antenna construction and superior productivity.
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