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A Dual-Band MIMO Antenna Using a Passive Circuit
for Isolation Enhancement

Peng Cheng, Deming Sun, Peng Wang”, and Peng Gao

Abstract—This letter presents a two-port dual-band multiple-input-multiple-output (MIMO) antenna,
which is achieved based on a non-radiation passive circuit. The circuit is composed of two pairs of open-
ended stubs and a transmission line connecting them. The decoupling condition of S9; = 0 is deduced,
thus a good isolation is achieved. Then this non-radiation circuit is further designed to be a structure
with enough radiation without affecting the character of port isolation. Since the implementation
of port isolation does not adopt complex decoupling network or decoupling structure, the process of
design is simple and effective. The simulation and physical demonstration obtain good agreements for
the proposed dual-band MIMO antenna.

1. INTRODUCTION

With the rapid growth in demand for wireless communication technology, multi-band wireless terminals,
including the Long Term Evolution (LTE) and wireless local networks (WLAN), are significant for
practical devices and have attracted much attention. To obtain high reliability and high data rates,
multiple-input-multiple-output (MIMO) technology has been proven to be a good choice due to its
unique attributes in terms of enhancing reliability and increasing the channel’s capacity. However,
the performance of the multi-antenna technology can get significantly bad due to unavoidable mutual
couplings among neighboring antennas in practice. Accordingly, keeping high isolation among the
antenna elements and ensuring the lowest correlation in a complex scattering environment are very
necessary and challenging tasks, and compactness and decoupling are more troublesome in the case
that the space reserved for the antenna design is more and more restricted, especially for multi-band
antennas.

Over the past few years, a lot of work on developing decoupling techniques has been devoted to
reducing the undesired coupling between antennas effectively. The existing decoupling mechanisms
can be roughly divided into two categories. The first category employs decoupling structures such
as a neutralization line [1,2], defected ground structure (DGS) [3] and electromagnetic band gap
(EBG) [4]. The second type of decoupling techniques applies decoupling networks such as coupled-
resonator decoupling network (CRDN) [5], lumped network [6] and LC low-pass 7w network [7]. In these
researches, although these decoupling techniques exhibit good behavior in isolation among the antenna
ports, they mostly focus on decoupling between two single band antennas. Their decoupling structure
or decoupling network is often complex, and the matching structure is relatively large, which not only
increases the difficulty of manufacturing, but also makes it difficult to integrate into the limited space of
the practical system. Moreover, the decoupling structures are added after the development of radiation
performance, that is to say, achieving port isolation is the final phase of MIMO antenna design.
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Recently, a new approach is proposed for developing MIMO antenna in [8]. Compared with
conventional decoupling techniques, the decoupling approach based on a non-radiation circuit model is
different and innovative in that the isolation obtained through two signal paths canceled out mutually
before achieving ideal radiating performance. This method utilizes the isolation nature of certain
passive networks to derive antennas with decoupling ensured in the first place, rather than introducing
decoupling structures at the last stage of MIMO antenna design. However, the antenna could only
operate at single frequency band; meanwhile, the mono-radiator antenna has a large dimension. In this
paper, this method is further exploited to design a dual-band MIMO antenna.

2. ANTENNA DESIGN AND ANALYSIS

2.1. The Decoupling Analysis of Antenna

In this paper, isolation is the first issue to discuss. To design a dual-band MIMO antenna with good
port isolation, primarily, a passive circuit model with no radiation performance needs to be established
to meet the decoupling condition S3; = 0. Afterwards, a radiative structure is built based on the circuit
model. Finally, the antenna is further optimized to achieve high radiation efficiency while maintaining
port isolation.

As shown in Figure 1(a), for ensuring dual-band isolation, we propose a circuit composed of
a transmission line in connecting two pairs of open-ended stubs, with two feeding ports in both
intersections. Their characteristic impedances and electrical lengths are named (Z1, 61), (Z2, 62) and
(Z3, 03), respectively. For the above two-port network, to investigate the transmission characteristics,
the ABCD matrices of stubl, stub2 and line in Figure 1(b) are given, respectively, as

_ 1 0 _ 1 0 o cosfs  jY3sinbs
M1 = [ jY tanf; 1 } » Matup2= [ jY tanfy 1 } » Miine= [ jY3sinfl3  cosfs

So, the whole circuit ABCD matrices M can be obtained according to the following formula:

M = (MstubIHMstub2) * (Mline) * (Mstubl”Mstub2) (1)
Further, after S-parameter conversions, the So; can be derived as follows:
2
So1 (2)

“A+B/Zy+CZy+ D

Here Zj represents the input port impedance. Thus, we can enforce and simplify the isolation condition
of S31 = 0, which can be ultimately expressed as Eq. (3):

cot f1 cot B2 =0 (3)
Obviously, Eq. (4) is the solutions of Equation (3).
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Figure 1. (a) Equivalent circuit model. (b) The corresponding two-port network.
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From Eq. (4), it is easily seen that there are many solutions to these electrical lengths, and the electric
lengths Lgq and Lgo are quarter wavelengths corresponding to the frequencies of fg1 and fgo. In
contrast, frequencies can be determined by Eq. (5).

fs1 fs2

c c (5)

4Ls \/geff’ 4LS2\/geff
where ¢ stands for the speed of light in free space, and e is the effective dielectric constant of the
medium. Eq. (5) reveals that the two frequencies are determined by the length parameters Lg; and
Lgs, respectively. To verify the above results, simulation is carried out in ADS. Figure 2 describes
the So1 characteristics with different Lgs and Lgi. Obviously, two transmission zeros are generated,
which is consistent with expectation. Figure 2(a) shows that when Lgs varies from 22.6 to 25.8 mm, the
transmission zero of the lower frequency decreases from 2.4 to 2.1 GHz; meanwhile, the transmission
zero remains unchanged at higher frequency. Similarly, the transmission zero of the higher frequency
can be adjusted by changing Lgq, and it has no influence on the transmission zero of the low frequency,
as shown in Figure 2(b). In other words, varying one stub length only affects one transmission zero
while the other zero is fixed by the other stub length, and shorter stub length of Lg; and longer sub
length of Lgo determine the upper and lower zeros, respectively. Hence, good validation is obtained for
the above analysis.
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Figure 2. Simulated S2; of the equivalent circuit model with different dimension. (a) Lgs and (b) Lg;.

2.2. The General Idea and Method of the Designed Antenna

As can be observed from Formula (4), the smallest size of circuit can be achieved choosing #; and
02 both at their minimum value of 7/2, when n = 0. Therefore, we can basically build a microstrip
structure with radiating ability from this circuit model, including two pairs of open-ended strips and
a strip in the middle. The impedances and electrical lengths of the strips should meet the isolation
condition in Eq. (3). When good port isolation is guaranteed in two frequency bands, further use HF'SS
to optimize each parameter for making the antenna achieve high radiation efficiency while maintaining
port isolation. To verify the above design analysis and feasibility of the circuit model, the detailed
design process and realization are illustrated by the following example.

2.3. The Design Process of Antenna

Based on the above analysis, according to Eq. (4), when a simple case n = 0, the electrical lengths 6,
and 03 both are /2. Thus, a structure of the proposed dual-band MIMO antenna designed on a 1.6 mm
thick FR4 substrate with relative permittivity of 4.4 and loss tangent of 0.02 is shown in Figure 3(a).
The center frequency fgo of the lower band is chosen as 2.20 GHz, and the effective quarter wavelength is
estimated at around 22 mm between 34 mm in air and 25 mm in FR4. Therefore, Lgy (Lg2 = L4+ L5) is
about 22mm. The center frequency fg1 of the higher band is selected to be 5.25 GHz, and the effective
quarter wavelength is set at around 10 mm because the quarter wavelength of 5.25 GHz is 14 mm in air
and 10.4mm in FR4, hence, the length of the open-ended strip Lgi (Lg1 = L3) is initially estimated
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Figure 3. Dimensions of the MIMO antennas. (a) General view and (b) dimensions of the antenna.

-
T .
& -
D .
[
2.
E -
3 -404 —— simulatedS11
o 457 —e— simulatedS21
-501
50 24 28 32 36 40 44 48 52 56 60
Frequency, GHz
Figure 4. The simulated S-parameters of the proposed antenna.
Table 1. Structural parameters of the proposed antenna. (mm).
Variable | Value Variable | Value Variable | Value Variable | Value Variable | Value
W 63 L1 6.3 wl 2.3 w4 4 L2 4.3
L 77.6 D 11.5 w2 1.5 L3 5) L5 17
H 17.6 LO 25 w3 2.5 L4 9.3 wd 1.4

to be 10mm. After optimization, the final simulated results are shown in Figure 4, which shows
that the return losses Sp; are all below —10dB within the two operating bands of 2.10-2.49 GHz and
5.10-5.42 GHz. At the same time, the excellent performance of port isolation is maintained. Desirable
S-parameter performances of the presented dual-band antenna are achieved. The final antenna structure
is shown in Figure 3, and the optimized structural parameters are concluded in Table 1.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The designed antenna is manufactured and measured. Its photographs of top and back views are shown
in Figure 5. Figure 6 illustrates that the measured S-parameters agree well with simulation results.
As shown in Figure 6, the measured —10dB impedance bandwidth of the lower band is from 2.10 to
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Figure 5. Photographs for fabricated antenna sample. (a) Top view. (b) Back view.
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Figure 6. Measured and simulated S-parameter results of the proposed antenna.
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Figure 7. Simulated current distributions. (a) 2.2 GHz. (b) 5.25 GHz.
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2.49 GHz, and the upper band is from 5.10 to 5.42 GHz. It is noted that the port isolation is better
than 15dB in both the operating bands. Figure 7 shows the surface current distributions of the MIMO
antenna, and it can be observed that the left excited port is isolated from the right port at the center
frequencies of 2.2 and 5.25 GHz, respectively.

Figure 8 presents the simulated and measured radiation patterns at 2.20 and 5.25 GHz, respectively.
When port 1 is excited, port 2 is connected by a matched load. It is shown that the simulated results
are in good agreement with the measured ones. The X Z-plane and Y Z-plane are omnidirectional in the
two operating bands, and the radiation patterns of XY, XZ and Y Z planes have good complementarity.

Diversity performance is analyzed to characterize the MIMO antenna system, and the diversity
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Figure 8. Radiation patterns of the proposed MIMO antenna. (a) 2.2 GHz. (b) 5.25 GHz.
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Figure 9. Calculated ECC and simulated total efficiency of the proposed antenna.
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Figure 10. Measured total gain and group delay for the proposed antenna.
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performance of the proposed MIMO antenna can be evaluated from its envelope correlation coefficient
(ECC). The formula to express ECC is given in [9]. As shown in Figure 9, the ECC of the proposed
antenna is below 0.01 within the two operating bands, which indicates that a great diversity performance
of the MIMO antenna can be realized. Figure 9 also shows that the simulated total efficiency is
above 85% in the two operating bands. The measured results of peak gain and group delay are shown
in Figure 10. The average peak gains are approximately 2.56 dBi in the lower band 2.1-2.49 GHz
and 2.67dBi in the higher band 5.10-5.49 GHz, respectively. It can be illustrated that the presented
antenna demonstrates available and stable gain in the two operating bands. The measured group delay
of the proposed antenna is almost constant. This confirms that the proposed antenna is suitable for
communications.

4. CONCLUSION

A novel structure of a dual-band MIMO antenna is designed, fabricated and investigated in this Letter.
Since no complex decoupling and matching networks are introduced, the proposed dual-band MIMO
antenna is very simple and compact. So it is a good choice for miniaturization without increasing
the footprint. The two bands cover 2.10-2.49 GHz and 5.10-5.42 GHz, and the experimental result
demonstrates that the proposed MIMO antenna is very suitable for UMTS 2100, LTE 2300 and 2.4 GHz
WLAN band applications due to the good performances in S-parameters, radiation patterns and ECC. In
addition, compared to the present decoupling technologies for the dual-band antenna, the new approach
proposed in this paper of deriving MIMO antenna from port-isolated non-radiative passive circuit can
also be used as an effective solution for developing MIMO antennas. The proposed method will be
further studied in the future work.
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