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Compact Ultrawideband MIMO Antenna with
WLAN/UWB Bands Coverage

. * . . . .
Jian Ren , Dawei Mi, and Yingzeng Yin

Abstract—A compact multiple-input-multiple-output (MIMO) antenna that covers the WLAN
(2.4 GHz) and UWB (3.1-10.6 GHz) bands for wireless device applications is presented. The proposed
antenna consists of two open L-shaped slot (LS) antenna elements and a narrow slot on the ground
plane. The antenna elements are placed perpendicularly to each other to obtain a high isolation, and
the narrow slot is added to reduce the mutual coupling between antenna elements at the WLAN band
(2.4GHz). The presented MIMO antenna has a small size of 40 x40 mm?, and the prototypes of antenna,
is fabricated and measured. The measured results show that the antenna has an impedance bandwidth
of larger than 2.4-10.6 GHz with the mutual coupling less than 20dB in WLAN band and 18dB in
3.1-10.6 GHz, making the antenna a good candidate for portable applications.

1. INTRODUCTION

In recent years, multiple-input—multiple-output (MIMO) technology, which involves the use of multiple
antennas at both the transmitter and receiver, is used to significantly enhance the data transmission
performance and channel capacity without sacrificing additional energy and bandwidth [1]. With these
advantages, the MIMO technology has been introduced to portable terminals to realize high-speed data
transmission, such as WCDMA, WiMAX, WLAN, LTE and UWB [2-8].

In the design process of the MIMO antennas for the portable terminal systems, two main challenges
are faced. One is to get the compact antenna elements for the MIMO antenna systems. Further, in
most cases, these antenna elements should have directional gains. This is especially difficult when the
frequency is low, such as WLAN (2.4 GHz) band. The second challenge is to enhance the isolation
between the antenna elements. At the same time, the methods used to reduce mutual coupling should
have little effect on the wideband impedance matching for the UWB application.

In order to overcome these challenges, various approaches have been proposed. The eigen-mode
decomposition scheme is used to reduce the coupling between two closed monopoles [9] and loop
antennas [10]. The low mutual coupling can also be obtained by using the inserted component
scheme [11-13]. This method is useful for achieving high performance MIMO antenna, especially for
the single band operation. In addition, the artificial structures, such as the Electromagnetic Band Gap
(EBG) structures [14] and Defected Ground Structures (DGS) [15] are also introduced to the MIMO
antenna design. However, all the methods mentioned above have narrow bandwidths which make the
antennas not suitable for the UWB application. To get a wide-band MIMO antenna, the UWB diversity
antennas are usually used [16-18]. The principle of this method is similar to the dual polarized antennas.
As the gain patterns of the antenna elements are perpendicular, the coupling between the antennas is
low. Besides, in order to enhance the isolation between antenna elements, the decoupling structures
are also used in the MIMO antennas for UWB applications [2,19-22], such as ground branches [19],
tree-like structure [20] and parasitic meander lines [2].
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In this paper, a compact MIMO antenna for WLAN/UWB applications is proposed. The antenna
has a compact size of 40 x 40 mm?, which is only about 70% and 25% of the antennas proposed in [21]
and [22], respectively. Two open L-shaped slot antennas [23] are placed perpendicularly to each other,
and a A\/4 open narrow slot is added between the antenna elements to enhance the isolation in the lower
band. The prototypes of UWB antenna are constructed and measured. The measured results show that
the isolation is better than 20dB and 18dB in the WLAN band and the whole UWB band (20dB in
most of the band), respectively. The design process is described in detail in the following sections.

2. ANTENNA DESIGN AND SIMULATED RESULTS

2.1. Antenna Design

The geometry of the proposed WLAN/UWB MIMO antenna, with a small size of 40 x 40 mm? is
shown in Figure 1. It is printed on an FR4 substrate with relative permittivity of 4.4 and thickness
of 0.8mm. The UWB open L-shaped slot antenna presented in [23] is used as a reference, and the
antenna’s dimensions are optimized to get a smaller size. The proposed MIMO antenna consists of two
L-shaped slot antenna elements, denoted as LS 1 and LS 2. The two LSs are placed perpendicularly to
each other to achieve good isolation between the two antenna elements.
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Figure 1. Geometry of the proposed antenna, top view and side view.

The element antenna consists of a L-shaped slot and a rectangular patch fed by a 50-£2 microstrip
line. To obtain the bandwidth enhancement for UWB applications, a T-shaped stub is attached to the
rectangular patch, which consists of a horizontal stub W, and a vertical stub L3. In order to enhance
the isolation between the antenna elements at the low band, a narrow rectangular slot with a size of
Ls x Wy is cut on the left bottom of the ground plane. By optimizing the length of the narrow slot,
good isolation can be obtained in the interesting bands.

For the required numerical analysis and obtaining the proper geometrical parameters, computer
simulation using the EM simulation tool CST Microwave Studio is carried out. The SMA connector was
included in the simulated model to improve the simulation precision. The final optimized dimensions
of the MIMO antenna are listed in Table 1.

Table 1. Design parameters of the proposed MIMO antenna shown in Figure 1.

Parameters | W | L | L1 | Lo Ly | Wi | Wy | Wy
Unit (mm) | 40 | 40 | 18 | 12 7 6 6 1.5
Parameters | Ly | Wy | L, | W, | Ls | Ws | h Wy
Unit (mm) | 1.5 | 06| 8 | 7 |202] 1 |08/ 153




Progress In Electromagnetics Research C, Vol. 50, 2014 123

2.2. Effects of Narrow Ground Slot

The narrow rectangular slot is introduced on the ground to reduce the mutual coupling between two
antenna elements in the WLAN (2.4 GHz) band. The slot, which resonates at the length of about A\, /4,
makes the current mainly distribute near it at the resonant frequency and leads to improved isolation,
shown in Figure 2. Figure 2(a) shows the simulated S-parameters with and without the narrow slot.
As can be seen, before adding the slot, Ss; is as high as —10dB from 2 to 2.5 GHz. Affected by the
low isolation, the S1; of the antenna at 2.4 GHz band is not so good, which only reaches about —14 dB.
When the slot is present, the value of Sa; is significantly reduced to less than —20dB at 2.4 GHz band
and less than —18 dB at the UWB band. At the same time, the antenna has a good impedance matching
over the interesting bands, meeting the requirement of typical MIMO /diversity antennas.

Figure 2(b) gives the simulated S-parameters of the proposed antenna with different lengths of the
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Figure 2. (a) Simulated S-parameters with and without slot. (b) Simulated S-parameters with different
length of slot. (¢) The current distribution at 2.4 GHz.




124 Ren, Mi, and Yin

slot. The simulated results reveal that with the increase of the length, the high isolation band moves
to lower frequency. The optimized value of Ly is 20.2 mm.

To further express the influence of the rectangle slot, Figure 2(c) compares the surface current
distributions with and without the slot at the resonant frequency 2.4 GHz. As seen, the current flowing
from port 1 to port 2 is blocked by the slot, and when port 1 is excited, the coupling current on antenna
2 is reduced significantly. The effect is the same from port 2 to port 1.

2.3. Parameter Study

In order to understand the effects of various parameters and to optimize the performance of the final
design, a parameter study is carried out in this section.

For the proposed antenna, the size of the ground plane has an effect on the performance of the
antenna. Figure 3(a) shows the simulated S-parameters for the proposed antenna with different W and
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Figure 3. (a) Simulated S;; and Sy; against frequency for the proposed antenna with various W and
L. (b) Simulated S1; and Ss; with various Wi. (c¢) Simulated Si; and So; with various Ws.
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L. Tt is seen that with the increase of size of the ground plane, the return loss of the antenna varies little,
but isolation between the antenna elements decreases, which is caused by the increase of the distance
of the antenna elements. This is especially significant at the high band (6-12 GHz). In order to get a
compact size and high isolation, W and L are chosen as 40 mm.

Besides the size of the ground plane, the dimensions of the L-shaped slot also have significant
effect on the performance of the antenna. Figures 3(b) and (c) give the simulated S-parameters with
different Wi and Wy. It can be seen that with Wi or Wy increasing, the resonating frequency of the
antenna shifts to low frequency, and the isolation between the antenna elements almost has no change.
By optimizing the values of W7 and Ws, good impedance matching can be obtained in the interesting
band.

3. RESULTS AND DISCUSSIONS

3.1. Return Loss and Isolation between Ports

A prototype of the L-shaped slot MIMO antenna described in Section 2 is fabricated, and the picture
is shown in Figure 4(a). The bandwidth performance of this proposed antenna is measured by the
Anritsu 37269A vector network analyzer. Figures 4(b) and (c) give the simulated and measured S-
parameters of proposed antenna. As indicated in Figure 4(b), port 1 has a bandwidth from 2.2 to
10.9 GHz for S1; < —10dB, and port 2 has a bandwidth from 2 to about 11.1 GHz for S < —10dB.
The antenna satisfies the impedance matching requirement for the WLAN (2.4 GHz) band and the
entire UWB specified by the FCC. The simulated and measured mutual couplings between the two
ports are shown in Figure 4(b). It can be seen that the isolation between the antenna elements has a
dual-band characteristic. In the WLAN (2.4 GHz) band, the value of the measured Sa; is lower than
—20dB. And throughout the whole UWB band, the measured isolation is below 18 dB (more than 20 dB
during 3.6-12 GHz). As the mutual coupling less than 15dB is enough for the UWB applications [13],
the antenna is suitable for MIMO operation across the entire UWB band.
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Figure 4. (a) Fabricated prototype antenna. (b) Simulated and measured S1; and S22. (¢) Simulated
and measured S9;.
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3.2. Radiation Patterns

Figure 5 illustrates the measured 2-D radiation patterns (xoy-, xoz- and yoz-planes) of the proposed
antenna at 3.5 GHz, 6 GHz and 10 GHz when port 1 is excited. Port 2 is terminated with a 50-2 load,
and vice versa. From the results, it can be seen that at 2.4 GHz, antenna 1 and antenna 2 have monopole-
like patterns. The radiation patterns in the H-plane (the xoz-plane of port 1 and the yoz-plane of port
2, respectively) are omnidirectional, and the radiation patterns in the E-plane (yoz-plane of port 1 and
xoz-plane of port 2) are dumb-bell shaped. At 3.5 GHz, affected by the ground plane, the antenna’s

0 —— 24GHz 0

o I == 3.5GHz
- BGHz
—-—= 10GHz

<% 80 30 270

. ‘\. N
e

/ -
afione

180 180
Port 2 xov-plane

180 180
Port 1 yoz-plane Port 2 yoz-planc

(©)

Figure 5. Measured radiation pattern of the proposed antenna at 2.4, 3.5, 6, and 10 GHz: (a) zoy-plane;
(b) zoz-plane; (¢) yoz-plane.
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pattern in the E-plane is deviate to the opposite side of the narrow slot. At the higher frequency of
6 GHz, LS 1 and LS 2 have quasi-omnidirectional radiation patterns in the H-plane. However, at the
higher frequency of 10 GHz, the radiation patterns in the H-plane are less omnidirectional because of
higher-order resonant modes.

The measured peak gains and radiation efficiency of the antenna with ports 1 or 2 excited are shown
in Figure 6. It can be seen that the measured peak gains range from 2.3 to 5.2dB across the frequency
band from 2.4-10.6 GHz and that the radiation efficiency is above 60%. The gain is lower than that
of [14, 15] as the antenna has a smaller size. A gain decrease can be found at the high frequency, and this
is mainly because the substrate that we used is commercial available, and the efficiency of the antenna
deceases for the dielectric loss.

3.3. Diversity Performance

For the antenna used for MIMO application, the two-port ECC is an important parameter, and for a
lossless MIMO antenna, the ECC can be calculated using the method proposed in [24].

Do = |S71512 + S350 )
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The simulated and measured ECC curves are plotted in Figure 7. The results show that the

measured ECCs are below 0.01 during the WLAN (2.4 GHz) and below 0.005 through the whole UWB
band, which is low enough to make the presented MIMO antenna have a good diversity performance.
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Figure 6. The measured gain and radiation Figure 7. Simulated and measured envelope
efficiency of the proposed antenna. correlation coefficient (ECC).

4. CONCLUSION

A compact MIMO antenna that consists of two open L-shaped slot antennas is presented for
WLAN/UWB applications. In order to reduce the mutual coupling of antenna elements at the low
frequency (2.4 GHz), a narrow slot is added to the ground plane. The prototypes of the antenna is
fabricated and measured. The measured results show that the proposed antenna has an impedance
bandwidth of larger than 2-10.6 GHz, low mutual coupling of less than 20dB in the WLAN band and

18dB through the whole UWB band which make the antenna a good candidate for WLAN/UWB
applications.

REFERENCES

1. Foschini, G. J., “On limits of wireless communications in a fading environment when using multiple
antennas,” Wireless Pers. Commun., Vol. 6, No. 3, 311-335, 1998.



128

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ren, Mi, and Yin

Kaiser, T., Z. Feng, and E. Dimitrov, “An overview of ultra-wide-band systems with MIMO,” Proc.
IEEE, Vol. 97, No. 2, 285-312, Feb. 2009.

Chou, H.-T., H.-C. Cheng, H.-T. Hsu, and L.-R. Kuo, “Investigations of isolation improvement
techniques for multiple input multiple output (MIMO) WLAN portable terminal applications,”
Progress In Electromagnetics Research, Vol. 85, 349-366, 2008.

Sharawi, M. S., A. B. Numan, and D. N. Aloi, “Isolation improvement in a dual-band dual-element
MIMO antenna system using capacitively loaded loops,” Progress In Electromagnetics Research,
Vol. 134, 247-266, 2013.

Wi, H., B. Kim, W. Jung, and B. Lee, “Multiband handset antenna analysis including LTE band
MIMO service,” Progress In Electromagnetics Research, Vol. 138, 661-673, 2013.

Zhao, L., L. K. Yeung, and K.-L.. Wu, “A coupled resonator decoupling network for two-element
compact antenna arrays in mobile terminals,” IFEE Transactions on Antennas and Propagation,
Vol. 62, No. 5, 2767-2776, May 2014.

Li, W., W. Lin, and G. Yang, “A compact MIMO antenna system design with low correlation from
1710 MHz to 2690 MHz,” Progress In Electromagnetics Research, Vol. 144, 59-65, 2014.

Zhang, S., K. Zhao, B. Zhu, Z. Ying, and S. He, “MIMO reference antennas with controllable
correlations and total efficiencies,” Progress In Electromagnetics Research, Vol. 145, 115-121, 2014.
Coetzee, J. C. and Y. Yu, “Port decoupling for small arrays by means of an eigenmode feed
network,” IEEE Transactions on Antennas and Propagation, Vol. 56, No. 6, 1587-1593, Jun. 2008.
Zuo, S., Y.-Z. Yin, Z.-Y. Zhang, W.-J. Wu, and J.-J. Xie, “Eigenmode decoupling for MIMO loop-
antenna based on 180° coupler,” Progress In Electromagnetics Research Letters, Vol. 26, 11-20,
2011.

Andersen, J. B. and H. H. Rasmussen, “Decoupling and descattering networks for antennas,” IEFE
Transactions on Antennas and Propagation, Vol. 24, No. 6, 841-846, Nov. 1976.

Chang, S., Y.-S. Wang, and S.-J. Chung, “A decoupling technique for increasing the port isolation
between strongly coupled antennas,” IEEE Transactions on Antennas and Propagation, Vol. 56,
No. 12, 3650-3658, Dec. 2008.

Lui, C.-Y., Y.-S. Wang, and S.-J. Chung, “T'wo nearby dual-band antennas with high port
isolation,” IEEFE International Symposium on Antennas and Propagation, San Diego, USA, Jul. 5—
11, 2008.

Yang, F. and Y. R. Samii, “Microstrip antennas integrated with electromagnetic band-gap EBG
structures: A low mutual coupling design for array applications,” IEFEE Transactions on Antennas
and Propagation, Vol. 51, No. 10, 2936-2946, Oct. 2003.

Chiu, C. Y., C. H. Cheng, R. D. Murch, and C. R. Rowell, “Reduction of mutual coupling between
closely-packed antenna element,” IEEFE Transactions on Antennas and Propagation, Vol. 55, No. 6,
1732-1738, Jun. 2007.

Zhang, S., B. K. Lau, A. Sunesson, and S. He, “Closely-packed UWB MIMO /diversity antenna with
different patterns and polarizations for USB dongle applications,” IEEFE Transactions on Antennas
and Propagation, Vol. 60, No. 9, 4372-4380, Sep. 2012.

Yoon, H. K., Y. J. Yoon, H. Kim, and C.-H. Lee, “Flexible ultra-wideband polarisation diversity
antenna with band-notch function,” IET Microwaves, Antennas & Propagation, Vol. 5, No. 12,
1463-1470, Sep. 2011.

Mohammad, S., A. Nezhad, H. R. Hassani, and A. Foudazi, “A dual-band WLAN/UWB printed
wide slot antenna for MIMO /diversity applications,” Microwave and Optical Technology Letters,
Vol. 55, No. 3, 461-465, 2013.

Li, L., S. W. Cheung, and T. I. Yuk, “Compact MIMO antenna for portable devices in UWB
applications,” IEEFE Transactions on Antennas and Propagation, Vol. 61, No. 8, 4257-4264,
Aug. 2013.

Zhang, S., Z. Ying, J. Xiong, and S. He, “Ultrawideband MIMO /diversity antennas with a tree-

like structure to enhance wideband isolation,” IEEE Antennas and Wireless Propagation Letters,
Vol. 8, 1279-1282, 2009.



Progress In Electromagnetics Research C, Vol. 50, 2014 129

21.

22.

23.

24.

Gao, P., S. He, X. Wei, Z. Xu, N. Wang, and Y. Zheng, “Compact printed UWB diversity slot
antenna with 5.5-GHz band-notched characteristics,” IEEE Antennas and Wireless Propagation
Letters, Vol. 13, 376-379, 2014.

Pllo, M., E. Antonino-Daviu, M. Ferrando-Bataller, M. Bozzetti, J. M. Molina-Garcia-Pardo, and
L. Juan-Llacer, “A broadband pattern diversity annular slot antenna,” IEEFE Transactions on
Antennas and Propagation, Vol. 60, No. 3, 1596-1600, Mar. 2012.

Song, K., Y.-Z. Yin, X.-B. Wu, and L. Zhang, “Bandwidth enhancement of open slot antenna with
a T-shaped stub,” Microwave and Optical Technology Letters, Vol. 52, No. 2, 149-151, Feb. 2010.
Blanch, S., J. Romeu, and I. Corbella, “Exact representation of antenna system diversity

performance from input parameter description,” FElectronics Letters, Vol. 39, No. 9, 705-707,
May 2003.



