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Abstract: A compact 6-port MIMO antenna consisting of equilateral triangle
elements have demonstrated in order to miniaturize the size and reduce the mutual
coupling of antenna elements due to its geometrical shape. The antenna is designed on
FR4 material and simulated results by HFSS software are provided. The simulated
results show that the proposed MIMO antenna achieves the return loss of less than -10
dB and the mutual coupling of less than -12.5 dB between elements in a bandwidth
ranging from 2329 to 2495 MHz, which entirely covers WLAN frequency band
allocated from 2400 MHz to 2480 MHz. The obtained results indicate that the
proposed antenna is a good candidate for MIMO applications.

1. Introduction

Multiple-Input-Multiple-Output (MIMO) technology has been widely applied for
wireless communication because it can offer significant increases in data throughput and
link range without using additional bandwidth or transmit power [1-9]. By using multiple
antennas in both the transmitter and receiver, the MIMO technique can detect multiple
independent channels in free space, which can achieve a higher capacity of a link
compared to the classic single-antenna design. Due to this unique feature, MIMO has
been adopted in all major wireless standards such as IEEE 802.11n (Wi-Fi), 4G, 3GPP
Long Term Evolution, WiMAX and HSPA+ [2].

However, a multi-antenna system has just the best performance when the mutual
coupling among the antenna elements is low because a strong coupling can lead to not
only high correlation but also a severe loss in efficiency of multi-antenna systems. The
low mutual coupling can also be obtained by utilizing large spatial separation among
antennas, which has an effect on the size of the overall antenna system. Thus, the design
of MIMO antenna is still a very challenging task for obtaining both low mutual coupling
and compact size because these features remain controversial [1-8].

Many approaches have been reported to reduce the mutual coupling of antenna
elements such as the usage of modified ground [3], neutralization-line [4], orthogonal
polarizations [2], [5], [6], parasitic coupling elements techniques [7] and the utilization of
metamaterials [8]. However, these structures are wavelength - related, which makes them
difficult to apply in an ultra-compact MIMO antenna design [1].

Recently, microstrip antenna was used to design compact MIMO antenna [10]-
[12] due to their benefit features such as low profile, low cost, planar configuration, and
suitable for an array with the ease of fabrication and integration with microwave
monolithic integrated circuits (MMICs). However, most of these studies have been
focused on microstrip MIMO antennas with rectangular and E-sharp patches, but very
few investigations of microstrip MIMO antenna with triangular patch have been reported
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so far. Even though, compared to antennas with other patch geometries, the triangular
microstrip antenna has advantages such as smaller physical size and lower radiation loss
[13]. Furthermore, a triangular patch has a great capability of miniaturization of MIMO
antenna due to its geometrical shape.

In this letter, a compact six-port microstrip MIMO antenna using equivalent
triangular patches designed for the 2.4 GHz WLAN band is proposed, simulated and
evaluated. In this configuration, both low mutual coupling characteristics and
miniaturization are realized.

2. Antenna Design

Design parameters of the proposed MIMO antenna are shown in Fig. 1. The
dimension of the overall antenna structure is 70 mm x 70 mm fabricated on a FR-4
substrate with a dielectric constant of 4.4, a substrate thickness of 1.6 mm, and a loss
tangent of 0.02. The top and bottom patches printed on the substrate are the radiating
structure and the ground plane. We noted that the area per element of the proposed
MIMO of 0.16 2% is much smaller than that of other microstrip MIMO antenna such as
[21, [3], [5]-

In the top layer, six equilateral triangle patches are rotationally symmetric with an
interval of 600. The dimensions of the equilateral triangle patch of 38.45 mm, designed
to operate at 2.4 GHz, the standard frequency for wireless LAN (WLAN), is calculated
using the formulas given in [14]. The separation between antennas is optimized at 2.5
mm. Six feeding ports are fed by coaxial cable. The feeding positions are located at the
median of the triangle as shown in Fig. 1a; these provide 50 Q interfaces and achieve the
impedance matching at the desired frequency. The bottom layer of the substrate is just a
ground plane. The proposed MIMO antenna has been simulated by HFFS software.

Fig. 1: Schematic of proposed six-port MIMO antenna:
(a) Top view and (b) Bottom view
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3. Results and Discussion
3.1. Scattering Parameters

HFSS software was used to design, simulate and analyze the proposed MIMO
antenna. The simulated S-parameters were shown in Fig. 2. Since the radiating elements
are rotationally symmetric, only return loss in port one (S11) and the mutual coupling
between ports 1 and 2, 3, 4 (S12, S13, S14) are provided.

The proposed MIMO antenna exhibits the return loss (S11) of less than -10 dB
and the mutual coupling (S12) of less than -12.5 dB in a bandwidth ranging from 2329 to
2495 MHz, which entirely covers WLAN frequency band allocated from 2400 MHz to
2480 MHz [11]. The isolation is better than -12.5 dB in the whole matching band,
indicating that the proposed antenna is suitable for MIMO application [15]. We noted
that the obtained bandwidth of the proposed MIMO of 176 MHz is much larger than the
bandwidth of others MIMO antenna such as [1], [2].

3.2. Voltage Standing Wave Ratio

Voltage Standing Wave Ratio (VSWR) of the proposed MIMO antenna was
shown in Fig. 3. Due to the radiating elements are rotationally symmetric, the VSWR in
all ports have similar results (data not shown here). The only VSWR in port one is
provided. The proposed MIMO antenna have the VSWR value of 1.03 for the 2.4 GHz
band frequency which value is less than 2 indicating improved matching conditions [2].
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Fig. 2: Simulated S-parameters of the proposed MIMO antenna
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Fig. 3: VSWR of the proposed MIMO antenna

3.3. Smith Chart

The scattering parameter S;; for the proposed MIMO antenna at the range of
frequencies 1.75 GHz - 3 GHz on the Smith chart is shown in Fig. 4. Because the
radiating elements are rotationally symmetric, the similar Smith charts of other ports are
observed. As shown in Fig. 4, the proposed antenna exhibits a good impedance matching
of approximately 50 Ohms at the resonate frequency.
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Fig. 4: Smith chart of the proposed MIMO antenna
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Fig. 5: (a) Gain of the proposed MIMO antenna, (b) Radiation pattern in XOZ plane,
and (c) YOZ when feeding port 1

3.4. Radiation Patterns and Gain

Radiation patterns and gain of the proposed antenna were shown in Fig.5. As
shown in Fig. 5a, the proposed antenna provides a total maximum gain of 3.19 dB. The
directional patterns of port 1 in XOZ and YOZ-plane are provided in Fig. 5 b,c. The 3-dB
beamwidth in the XOZ-plane covers 118°, which can not only provide good pattern
diversity to boost the channel capacity but also catch the signal from every angle.

3.5. MIMO Performance

For the antenna used for MIMO application, the correlation coefficient between
elements is an important parameter in evaluating performance. The correlation of a two-
port can be obtained using the two-port S parameter representation as [16].

* * 2
p= ‘Sn SlZ + S21 Szz Q)
- 2 2 2 2
(1_|511| _|321| )(1_|Szz| _|Slz| )

The correlation coefficient between port 1 and 2 is shown in Fig. 6. The obtained
correlation coefficient is lower than 0.03 dB in the whole matching band, which value is
sufficient to fulfill the diversity performance for the MIMO antenna [16].
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Fig. 6: The correlation coefficient of the proposed MIMO antenna.

4. Conclusions

A compact 6-port MIMO antenna consisting of equilateral triangle elements has
demonstrated in order to miniaturize the size and reduce the mutual coupling due to its
geometrical shape for WLAN applications. The proposed MIMO antenna is simulated
and evaluated using HFSS software. The simulated results show that the proposed
antenna achieves the resonate frequency at 2.4 GHz, the impedance of 50 Q, the
bandwidth of 176 MHz, the total gain of 3.19 dB and low mutual coupling of less than -
12.5 dB through the whole WLAN band. The obtained results prove that the antenna is
suitable for MIMO application.
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TOM TAT

PHAN TiCH VA TI—JIET KE ANTEN MIMO 6 CONG KIiCH
THUOGC NHO CHO UNG DUNG WLAN

Anten MIMO 6 cong kich thuéc nhé gon dugc thiét ké bang cach ghép céac thanh
phan ¢6 dang hinh tam gidc déu duoc trinh bay nhiam muc dich tdi thiéu hoa kich thudc
va giam d6 twong h giira cac thanh phan anten do cau tric hinh hoc cua né. Anten duoc
thiét ké trén nén vat lieu FR4 va md phong bang phin mém HFSS. Cac két qua mo
phong cho thiy anten dugc dé xuit co do suy hao thip hon -10dB va do twong hd giita
céc thanh phan thap hon -12.5dB trong dai bang tan tir 2329 téi 2945 MHz, hoan toan
bao phu bang tan WLAN tir 2400 t6i 2480 MHz. Céc két qua thu duoc chi ra rang anten
dugc dé xuat phi hop cho céc wng dung MIMO.
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