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Abstract: We propose a multiple-input multiple-output (MIMO) multi-band antenna for the
WiFi-6E band. The planar size of the proposed antenna is 40 x 7.6 mm?, and it is built on a
FR4 substrate with a thickness of 0.8 mm. By utilizing a 3 x 3.8 mm? L-shaped parasitic
element, additional resonant modes are introduced through coupling and resonance. The
operating frequency bands are WLAN 2.4 GHz (2.4-2.8 GHz) and Wi-Fi 6E (5.06-7.13 GHz).
The average antenna gain is 4.2 dBi, with an envelope correlation coefficient (ECC) less
than 0.020 and a radiation efficiency between 70% and 92%.
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1. Introduction

With the advent of fifth-generation (5G) technology, communication systems have
acquired high transmission speeds. Multiple-input multiple-output (MIMO) technology
effectively reduces signal attenuation and interference, and enhances communication
quality, stability, and wireless data transmission rates by using multiple antennas to transmit
and receive signals simultaneously [1], which is crucial for laptop computers.

Currently, various antenna designs for Wi-Fi 6E applications have been proposed [2,3].
The introduction of Wi-Fi 6E technology makes the 6 GHz band an effective complement to
the existing 2.4 and 5 GHz bands. The 6 GHz band offers more non-overlapping channels,
significantly reducing interference and improving spectrum utilization. Additionally, Wi-
Fi 6E provides higher data rates, lower latency, and better spectral efficiency [4]. In the
antenna design process, mutual coupling issues occur, reducing antenna performance and
affecting efficiency and the envelope correlation coefficient (ECC). Parasitic elements are
used to influence the surface current distribution, alter the electromagnetic field, and reduce
mutual coupling [5].

In this study, we propose a new parasitic element design [6]. By adding an L-shaped
parasitic element 0.3 mm away from the feed point, the frequency distribution is altered,
covering the 5-7.17 GHz band of Wi-Fi 6E, increasing the frequency coverage and improving
antenna gain and efficiency. The additional L-shaped structure introduces additional
current paths, generating resonance and altering the antenna’s radiation characteristics and
frequency response. With dimensions of only 3 x 3.8 mm?, it is appropriate for portable
electronic devices.

2. Design and Characteristics of Antenna

Figure 1 shows the antenna structure proposed in this study, and Table 1 lists the
precise dimensions of the antenna. The design is implemented on an FR-4 substrate with
dimensions of 40 x 7.6 x 0.8 mm?3, a dielectric constant of 4.4, and a dielectric loss of
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0.02. This material provides stable dielectric properties, especially under high-frequency
conditions where loss significantly impacts performance. The 0.8 mm thickness is chosen
for a lightweight, portable laptop computer. The limited space in a laptop computer is
efficiently utilized by the 3 x 3.8 mm? parasitic element, which generates electromagnetic
coupling and resonance to adjust the antenna’s radiation mode, covering the Wi-Fi 6E
bands (2.4-2.5, 5.15-5.85, and 5.925-7.125 GHz).
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Figure 1. Structure of antenna for WiFi-6E applications: (a) antenna 3D model and (b) antenna model
top view.

Table 1. The detailed dimensions of the antenna for Wi-Fi 6E applications.

Parameter Value (mm) Parameter Value (mm)
Wi 27.7 W7 0.2
W, 7.4 L 0.5
W3 3.6 Ly 6.7
W, 3.8 Ls 48
Ws 11.4 Ly 3.0
Ws 0.4 Ls 0.6

3. Simulation Results and Discussions

The simulated results were performed by using CST Studio Suite 2023. Figure 2 shows
the results of S-parameters of the antenna. The antenna bandwidths with a reflection
coefficient less than —10 dB are 2.4-2.8 GHz and 5.06-7.13 GHz, respectively. The effec-
tiveness of the parasitic element in expanding the frequency band is evident, improving
impedance matching and output power. The Sy, results show an isolation better than
—10 dB, indicating low interference between antennas.
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Figure 2. S-parameter chart simulated using MIMO arrangement.

Efficiency means the ability of the antenna in converting input power into effective
radiated power. Figure 3 shows the efficiency of the proposed antenna. The overall
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efficiency ranges from 70 to 92.3%, with a peak efficiency of 92.3% at 2.4 GHz. Gain
analyzes the antenna’s ability to concentrate input power in a specific direction. High-gain
antennas enhance signal strength and transmission distance, improving communication
quality. Figure 4 shows the gain of the proposed antenna. The average gain is 4.2 dBi, with
a peak gain of 5.6 dBi at 6.8 GHz, indicating the antenna’s capability to radiate or receive
stronger signals in specific directions.
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Figure 3. Simulated efficiency of MIMO antenna.
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Figure 4. Simulated gain of MIMO antenna.

The ECC shows the correlation of received signal amplitudes between different an-
tenna elements. A value of 0.3 or less is considered excellent for MIMO applications. As
shown in Figure 5, the ECC values are below 0.025, indicating a low correlation between
antenna elements, with values below 0.001 in the 2.4 GHz and 5.67 GHz bands.
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Figure 5. Simulated ECC of MIMO antenna.
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4. Conclusions

We created a MIMO antenna for a laptop computer with an L-shaped parasitic element
0.3 mm from the feed point, covering the 5/6G bands (5.06-7.13 GHz). The coupling effect
between the main radiator and parasitic element enables effective radiation across multiple
bands. The antenna achieves isolation below —10 dB and covers the 2.4-2.8 GHz and
5.06-7.13 GHz bands. Additionally, the antenna has an average gain of 4.2 dBi, ECC below
0.020, and radiation efficiency between 70 and 92.3%, which makes it appropriate for Wi-Fi
6E-spectrum applications.
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