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Dual-Band MIMO Antenna with High Isolation Application
by Using Neutralizing Line
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Abstract—In this letter, a dual-band Multiple Input Multiple Output (MIMO) antenna system with
high isolation is presented. This design consists of two dual-band monopole antennas and neutralizing
transmission line. For each antenna element, the operating frequency band covers from 2.4 GHz to
2.6 GHz and 5.2 GHz to 6 GHz. To improve the isolation between these two antenna elements spacing
only 0.1225λ0 at 2.45 GHz, a neutralization decoupling transmission line is introduced. The measured
return loss results of these two antennas are better than 10-dB in operating frequency band. The
measured isolation between the two antennas is better than 15 dB. The envelope correlation coeﬃcient
(ECC) is smaller than 0.01 of whole operating frequency band. The peak gain of this design is better
than 2 dBi in operating bands. This conﬁguration can be applied for Wireless local area network
(WLAN), WiMAX and Bluetooth communication system.

1. INTRODUCTION
In recent years, wireless communication systems require much higher data rates to accommodate various
multimedia services. For the requirement of high bit error rate (BER) wireless communication with
high channel capacity and reliability, multiple-input multiple-output (MIMO) system is a preferred
approach. In the multifunctional wireless communication application, MIMO antenna system should
have compact structure and high isolation.
Since MIMO antenna system requires high isolation, several techniques have been proposed to
enhance isolation between the elements of a MIMO antenna system. Metallic electromagnetic band gap
(EBG) structures on the substrate of the antennas have been demonstrated to improve the isolation
by [1]. The defect ground system (DGS) on the ground plane is also an approach to enhance isolation
presented by [2]. Adding the parasitic elements in the MIMO structure is another eﬀective method
proposed by [3]. Recently, a new approach called neutralization technique has been presented for
mobile applications [4, 5]. With the neutralization method, the isolation can be improved since the
current of the element antennas of MIMO is neutralized.
In this letter, a MIMO antenna structure is presented with the neutralization technique to achieve
high isolation between the signal ports. Each antenna element is monopole; meanwhile, the spacing
of these two elements is only about 0.1225λ0 at 2.45 GHz. According to the measurement results, the
proposed MIMO can cover 2.45 GHz band (2.4 GHz–2.4835 GHz), 5.2 GHz band (5.15 GHz–5.35 GHz)
and 5.8 GHz band (5.725 GHz–5.825 GHz). The isolation is better than 15 dB with the MIMO structure
size only 0.16λ0 × 0.32λ0 at 2.45 GHz.
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2. ANTENNA DESIGN
The structure of the proposed printed MIMO antenna system is displayed in Fig. 1. As shown in
Fig. 1(a), the antenna element is the single monopole antenna. The design concept is based on a
simple C-shaped dual-band monopole antenna which has two current paths to generate two operating
bands. As proposed in [7–10], the compact multi-band monopole antennas are usually the meander type
structures such as S-shaped, F-shaped and C-shaped ones. These antenna conﬁgurations can provide
multiple current paths to generate multiband operation.

(a) monopole

(b) MIMO

(c) neutralizing

Figure 1. The structure of proposed MIMO (unit: mm).
In this work, the proposed MIMO is fabricated on an FR-4 substrate, with dielectric constant of
r = 4.4, dielectric loss tangent of tan δ = 0.02 and thickness of h = 1.6 mm. The area which the two
antennas occupied is 20 × 40 mm2 , and the ground plane of the MIMO antenna system is rectangular
with size of 60 × 40 mm2 . Fig. 1(b) displays the entire MIMO structure. The spacing of these two
antenna elements is only about 0.1225λ0 at 2.45 GHz. The detailed dimension of the neutralizing line
is shown in Fig. 1(c). The unit is millimeter for all the values. The neutralizing line is added to
improve the isolation between these two antennas in the rather small spacing since it can be seen as
an inductance to neutralize the capacitance of these two antennas. Fig. 2 demonstrates the comparison
result of the cases with and without neutralizing line technology. According to the results, the isolation
can be improved to better than 15 dB by utilizing neutralizing line in MIMO system.

(a) Return loss

Figure 2.
The simulated
isolation of the cases which are
with and without neutralizing
line technology.

(b) Isolation

Figure 3. Comparison return loss and isolation of simulated and
Measured results.
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3. MEASUREMENT RESULTS
The return loss and isolation results of the simulation and measurement are displayed in Fig. 3.
According to the results, the impedance bandwidth includes 2.45 GHz band (2.4 GHz–2.4835 GHz),
5.2 GHz band (5.15 GHz–5.35 GHz) and 5.8 GHz band (5.725 GHz–5.825 GHz), which can be applied
to Bluetooth, WLAN and WiMAX systems. Meanwhile, the isolations between these two monopole
antennas are better than 17 dB at 2.45 GHz bands and 20 dB at 5.2 GHz and 5.8 GHz bands by using
the neutralizing line to decrease the coupling eﬀect of these two antennas.
For MIMO antenna system, the envelope correlation coeﬃcient (ECC) is a signiﬁcant parameter.
Generally, the ECC is used to evaluate the diversity capability of a multi-antenna system. The ECC
can be computed from the S-parameters using the following formula: [6]
ρe =

∗ S + S ∗ S |2
|S11
12
21 22
(1 − (|S11 |2 + |S21 |2 ))((1 − (|S22 |2 + |S12 |2 ))

(1)

Figure 4 shows the ECC of the proposed MIMO antenna structure. For antenna diversity, the
acceptable value of the envelope correlation coeﬃcient is less than 0.01. In this design, the ECC is only
0.000069 at 2.45 GHz which is shown in Fig. 4(a). Meanwhile, the ECCs displayed in Fig. 4(b) are merely
about 0.000016 and 0.000305 at 5.2 GHz and 5.8 GHz, respectively. The measurement radiation pattern
results of these three operating frequency bands are shown in Fig. 5, Fig. 6 and Fig. 7, respectively.
According to these results, the radiation pattern is near the omni-direction pattern for these three

(a) 2 GHz band

(b) 5 GHz band

Figure 4. Envelope correlation coeﬃcient.

(a) XY-plane

(b) XZ-plane

Figure 5. Measured radiation pattern of 2.45 GHz.

(c) YZ-plane

18

Huang, Chang, and Jou

(a) XY-plane

(b) XZ-plane

(c) YZ-plane

Figure 6. Measured radiation pattern of 5.2 GHz.

(a) XY-plane

(b) XZ-plane

(c) YZ-plane

Figure 7. Measured radiation pattern of 5.8 GHz.
operating bands. The peak gain of the proposed MIMO antenna system is 2 dBi at 2.45 GHz, 4 dBi at
5.2 GHz and 3 dBi at 5.8 GHz.
4. CONCLUSION
In this letter, a dual-band MIMO antenna system with high isolation is proposed. The high isolation
is achieved by using the neutralizing line between the two antenna elements at these operating bands.
The two antenna elements are only spacing about 0.1225λ0 at 2.45 GHz. Measurement results show
that the operating frequency bands can cover 2.45 GHz, 5.2 GHz and 5.8 GHz bands with isolation
better than 15 dB for each desired band. The antenna gain is better than 2 dBi at operating frequency
band. Furthermore, this proposed MIMO structure also has high diversity gain since it has extremely
low envelope correlation. This design is suitable for wireless communication systems such as WLAN,
WiMAX and Bluetooth.
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