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A Compact Band-Notched Ultra-Wideband
Spatial Diversity Antenna
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Abstract—A compact band-notched ultra-wideband (UWB) spatial diversity antenna is presented in
this paper. The antenna is fabricated on an FR4 substrate and consists of two tapered microstrip
feeding lines and two radiating elements. The wireless local area network (WLAN) for IEEE 802.11a
operating in 5.15–5.825 GHz band-notched function is achieved by introducing two slits in the radiators
as λ/4 resonators. The simulated and measured results show that the presented antenna has a broadband
impedance bandwidth which covers UWB band and also has a band-notched characteristic. Additionally,
the antenna has a good transmission coefficient better than −15 dB across the UWB. The radiation
patterns, peak gain, and envelope correlation coefficient are measured and discussed.

1. INTRODUCTION

Recently, ultra-wideband (UWB) wireless communications have attracted universal attention for their
merits of high data transfer rate, high capacity, and low power consumption [1]. At the same time,
UWB technology combined with multiple-input-multiple-output (MIMO) antennas is a good choice to
achieve data rates more than 1 Gb/s for wireless communications and to make increased range available
through beam forming [2]. Antenna diversity, such as spatial diversity, polarisation diversity, is a well-
known technique to combat the multipath fading problem and co-channel interference and thus enhance
the performance of MIMO systems [3, 4]. Therefore, UWB antennas with good diversity performance
are becoming highly desired for MIMO systems.

Many studies have been carried out to design UWB diversity antennas [5–21]. However, the
impedance bandwidth of the antennas in [5–8] cannot cover the whole UWB, and the sizes of the
antennas are relatively large in [5, 9–17] which are not suitable for some portable devices’ applications.
On the other hand, the frequency range for UWB systems between 3.1 to 10.6GHz will cause interference
to the existing wireless communication systems, such as the wireless local area network (WLAN) for
IEEE 802.11a operating in 5.15–5.825 GHz, so the UWB diversity antenna with a band-notched function
is desired in the design. However, the antennas in [5–21] do not have the band-notched function to avoid
the interference. Recently, some antennas with band-notched function have been reported [22–27].
Unfortunately, the size of the antennas is still relative large in [22–27].

In this paper, we present a compact UWB diversity antenna with band-notched function. The
antenna is designed on an FR4 substrate with a size of 36 mm× 36mm× 1.6mm which is much smaller
than most of the antennas in the current literature. The presented antenna consists of two radiating
elements for spatial diversity performance and is fed by tapered microstrip lines. By introducing two
slits as λ/4 resonators in the radiating elements, the wireless local area network (WLAN) for IEEE
802.11a operating in 5.15–5.825GHz can be rejected. The parameters of the slits are studied and
the impedance bandwidth, transmission coefficient between two ports, radiation patterns, gain, and
envelope correlation coefficient of the proposed antenna are measured and discussed.
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2. ANTENNA CONFIGURATION

The configuration of the proposed UWB spatial diversity antenna with band-notched function is shown
in Figure 1. The antenna is fabricated on a 36mm × 36mm × 1.6mm FR4 substrate with a relative
permittivity of 4.6. Two radiators including the tapered microstrip feeding lines are symmetrically
aligned with respect to the z-axis. The rectangular stub introduced in the middle of the ground plane
enhances the isolation between two feeding lines. The semi-circular slots under the radiators adjust the
impedance bandwidth of the antenna. Two rectangular slots at the bottom of the reflector not only
adjust the impedance bandwidth of the antenna, but also adjust the length of the stub to enhance the
isolation.

Figure 1. Geometry of the proposed antenna with optimal dimensions. (sp = 3.8, sl = 5.8, sw = 1.8,
unit: mm).

The band-notched function in the proposed antenna is achieved by two slits etched in the radiators.
Each slit can be viewed as a λ/4 resonator that shorts the antenna at the relevant frequency. The length
of the slots is about λ/4 at the center frequency of the notched band and can be calculated by (1) and
optimized by High Frequency Structure Simulator (HFSS) software, Version 15.

L = sl + sw =
λ

4
=

c

4f0 ·
√

(εr + 1)/2
(1)

where c is the speed of the light, εr is the relative permittivity of the substrate, and f0 is the center
frequency of the desired notched band. For example, the center frequency of WLAN is about 5.5 GHz.
Figure 2 shows the simulated current distributions of the proposed antenna with port 1 and port 2
excited respectively at the frequency of 5.5 GHz. It is clearly shown that the current is concentrated
around the slits, thus the band-notched function is successfully achieved.

3. PARAMETRIC STUDY

A numerical parametric study is carried out to evaluate the performance sensitivity to the design
parameters and to obtain the optimal values. For the sake of brevity, we only simulate the effects
of three important geometrical parameters on the reflection coefficient and isolation of the proposed
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Figure 2. Surface current distributions of the proposed antenna with port 1 and port 2 excitation:
(a) port 1 excitation; (b) port 2 excitation.

(a)

(b)

Figure 3. Simulated S-parameters value for
the proposed antenna with different value of sp
(sl = 5.8mm, sw = 1.8mm). (a) |S11|, (b) |S21|.

(a)

(b)

Figure 4. Simulated S-parameters value for
the proposed antenna with different value of sl
(sp = 3.8mm, sw + sl = 7.6mm). (a) |S11|,
(b) |S21|.

antenna. These parameters are position sp, length sl, and width sw of the slits respectively as shown
in Figure 1. The simulated results are plotted in Figure 3 to Figure 5. We can observe in Figure 3(a)
that the notched frequencies are shifted from 5–6.1, 5.08–6.18, and 4.98–5.9GHz with sp of 2.6, 3.2,
and 3.8 mm, respectively. The results indicate that the notched frequencies can cover the WLAN band
but are decreased when sp is increased. To achieve less signal losses out of the WLAN band, the
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Figure 5. Simulated S-parameters value for the proposed antenna with different value of sw
(sp = 3.8 mm, sw + sl = 7.6mm). (a) |S11|, (b) |S21|.

value of sp is optimized as 3.8 mm. Figure 4(a) plots the simulated S-parameters for the proposed
antenna with different values of sl. We can observe that upper edge of the notched band is shifted
toward lower frequency, and the notched frequency will not cover the WLAN band when sl is decreased.
Figure 5(a) plots the simulated S-parameters for the proposed antenna with different values of sw. It
can be observed from Figure 5(a) that the notched frequencies will not cover the desired band when the
width of the slits sw is too long or too short. It can also be observed from Figures 3(b), 4(b), and 5(b)
that the transmission coefficient between two feeding lines is not influenced significantly with different
values of sp, sl, sw. Based upon the discussion in this section, the optimal values of sp, sl, sw are as
follows: sp = 3.8mm, sl = 5.8mm, sw = 1.8mm.

Figure 6 plots the simulated S-parameters of the proposed antenna with or without the slits. We
can observe that the impedance bandwidth of the proposed antenna without the slits can cover the
UWB band, and a band-notched function is achieved when the slits are introducing in the radiators,
and the slits have less influence on the transmission coefficient.

4. EXPERIMENTAL RESULTS AND DISCUSSION

Based upon the optimised dimensions shown in Figure 1, the proposed UWB diversity antenna was
fabricated as shown in Figure 7, and was measured, analysed as follows.
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Figure 6. Simulated S-parameters value for the
proposed antenna with or without the slits.

(a) top view (b) back view

Figure 7. Photograph of the proposed antenna.

4.1. Input Characteristic

The simulated and measured S-parameters of |S11| and |S21| versus frequency of the proposed UWB
diversity antenna are shown in Figure 8. Due to the symmetric structures of the proposed antenna, the
simulated and measured |S22| and |S12| are almost the same as |S11| and |S21|, and they are not shown in
the figure for the sake of brevity. As shown in Figure 8(a), the obtained impedance bandwidth defined
by |S11| < −10 dB can cover the whole UWB of 3.1–10.6GHz except in the notched band. In other
words, the WLAN band operating in 5.15–5.825GHz is successfully notched as desired. In addition,
across the UWB, a transmission coefficient less than −15 dB is achieved as shown in Figure 8(b) which
indicates that the proposed antenna has a good isolation between two feeding lines. The discrepancy
between simulated and measured results is mainly caused by certain unexpected tolerance in fabrication.

4.2. Radiation Patterns

The radiation patterns at 3, 7, and 10 GHz were measured in an anechoic chamber. The radiation
patterns for the proposed antenna on x-y (H-plane), x-z (E-plane), and y-z planes with port 1 excited
and port 2 terminated by a 50Ω load are plotted in Figure 9. As shown in Figure 9, the radiation
patterns of the proposed antenna are relatively consistent in the UWB. In addition, due to the symmetric
configuration of the proposed antenna, when port 2 is excited, with port 1 terminated, the patterns in x-
z plane are similar to those in Figure 9, but the patterns in x-y and y-z planes are mirror transformations
about x-z plane of those in Figure 9. In other words, the radiation patterns tend to cover complementary
space regions, which provide spatial diversity for the system operation.

The measured peak antenna gain for port 1 excitation with the gain comparison method is shown
in Figure 10. Due to the symmetric structures of the two elements, the measured peak antenna gain for
port 2 excitation is about the same and not shown in the figure. The result shows a gain level about
6.8 dBi with gain variations less than 4.7 dBi except at the notch band, where the gain drops up to
−4.9 dBi.

4.3. Envelope Correlation

The envelope correlation calculation using S-parameters provides a good estimation of the diversity
performance of diversity antennas. The measured S-parameters can be used for calculating the envelope
correlations of this antenna using (2) [28].

ρe =
|S∗11S12 + S∗21S22|2

(1− (|S11|2 + |S21|2)) (1− (|S22|2 + |S12|2)) (2)
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Figure 8. Simulated and measured S-
parameters versus frequency of the proposed an-
tenna. (a) |S11|, (b) |S21|.

Figure 9. Measured radiation patterns of the
proposed antenna with port 1 excited and port 2
terminated by a 50 Ω load.

Figure 10. Measured peak gain across the UWB
of the proposed antenna with port 1 excited.

Figure 11. Measured envelope correlation
coefficient versus frequency of the proposed
antenna.
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The envelope correlation coefficient for the proposed UWB diversity antenna, calculated from the
measured S-parameters and (2), is plotted in Figure 11. As shown in Figure 11, we can observe that
the envelope correlation is below −17 dB across the whole UWB of 3.1–10.6 GHz. This indicates that
our designed antenna has a good MIMO/diversity performance.

5. CONCLUSION

A compact planar UWB spatial diversity antenna with band-notched function is proposed in this paper.
The band-notched function is achieved by etching two slits in the two radiating elements. The parametric
study has provided antenna engineers with useful information about the design and optimization of
such antennas. The antenna has been successfully designed, constructed, and measured. Results
show that the antenna has broadband impedance bandwidth covering the whole UWB, single band-
notched function at WLAN band, good isolation between two feeding lines, stable radiation patterns
and peak gain, spatial diversity performance and low envelope correlation. These results indicate that
the proposed antenna can be a good candidate for some portable MIMO/diversity applications.

REFERENCES

1. Yang, L. and G. B. Giannakis, “Ultra-wideband communications: An idea whose time has come,”
IEEE Signal Processing Magazine, Vol. 21, No. 6, 26–54, Nov. 2004.

2. Kaiser, T., F. Zheng, and E. Dimitrov, “An overview of ultra-wide-band systems with MIMO,”
Proceedings of the IEEE, Vol. 98, No. 2, 285–312, Feb. 2009.

3. Vaughan, R. G. and J. B. Andersen, “Antenna diversity in mobile communications,” IEEE Trans.
Veh. Technol., Vol. 36, 149–172, 1987.

4. Xu, H.-X., G.-M. Wang, and M.-Q. Qi, “A miniaturized triple-band metamaterial antenna with
radiation pattern selectivity and polarization diversity,” Progress In Electromagnetics Research,
Vol. 137, 275–292, 2013.

5. Wong, K.-L., S.-W. Su, and Y.-L. Kuo, “A printed ultra-wideband diversity monopole antenna,”
Microw. Opt. Technol. Lett., Vol. 38, 257–259, 2003.

6. See, T. S. P. and Z. N. Chen, “An ultra wideband diversity antenna,” IEEE Transactions on
Antennas and Propagation, Vol. 57, No. 6, 1597–1605, Jun. 2009.

7. Toh, W. K., Z. N. Chen, X. Qing, and T. S. P. See, “A planar UWB diversity antenna,” IEEE
Transactions on Antennas and Propagation, Vol. 57, No. 11, 3467–3473, Nov. 2009.

8. 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,” IEEE Transactions on Antennas
and Propagation, Vol. 60, No. 9, 4372–4380, Sep. 2012.

9. Hong, S., K. Chung, J. Lee, S. Jung, S.-S. Lee, and J. Choi, “Design of a diversity antenna with
stubs for UWB applications,” Microw. Opt. Technol. Lett., Vol. 50, 1352–1356, 2008.

10. Zhang, S., Z. Ying, J. Xiong, and S. He, “Ultra wideband MIMO/diversity antennas with a tree-
like structure to enhance wideband isolation,”IEEE Antennas and Wireless Propagation Letters,
Vol. 8, 1279–1282, 2009.

11. Antonino-Daviu, E., M. Gallo, B. Bernardo-Clemente, and M. Ferrando-Bataller, “Ultra-wideband
slot ring antenna for diversity applications,” Electronics Letters, Vol. 46, No. 7, 478–480,
Apr. 1, 2010.

12. Elsherbini, A. and K. Sarabandi, “Dual-polarized coupled sectorial loop antennas for UWB
applications,” IEEE Antennas and Wireless Propagation Letters, Vol. 10, 75–78, 2011.

13. Gallo, 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,” IEEE Transactions on
Antennas and Propagation, Vol. 60, No. 3, 1596–1600, Mar. 2012.

14. Mohammad, S., A. Nezhad, H. R. Hassani, and A. Foudazi, “A dual-band WLAN/UWB printed
wide slot antenna for mimo/diversity applications,” Microw. Opt. Technol. Lett., Vol. 55, 461–465,
2013.



26 Zhao et al.

15. Gogosh, N., M. F. Shafique, R. Saleem, I. Usman, and A. M. Faiz, “An UWB diversity antenna
array with a novel H-type decoupling structure,” Microw. Opt. Technol. Lett., Vol. 55, 2715–2720,
2013.

16. Liu, J., K. P. Esselle, S. G. Hay, S. Zhu, and S. Zhong, “A compact super-wideband antenna pair
with polarization diversity,” IEEE Antennas and Wireless Propagation Letters, Vol. 12, 1472–1475,
2013.

17. See, C. H., H. I. Hraga, J. M. Noras, R. A. Abd-Alhameed, and N. J. McEwan, “Compact multiple
input and multiple output/diversity antenna for portable and mobile ultra-wideband applications,”
IET Microwaves, Antennas & Propagation, Vol. 7, No. 6, 444–451, Apr. 23, 2013.

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

19. Koohestani, M., A. A. Moreira, and A. K. Skrivervik, “A novel compact CPW-fed polarization
diversity ultrawideband antenna,” IEEE Antennas and Wireless Propagation Letters, Vol. 13, 563–
566, 2014.

20. Wang, L., L. Xu, X. Chen, R. Yang, L. Han, and W. Zhang, “A compact ultrawideband diversity
antenna with high isolation,” IEEE Antennas and Wireless Propagation Letters, Vol. 13, 35–38,
2014.

21. Zhao, H., F. Zhang, C. Wang, and X. Zhang, “A universal methodology for designing a UWB
diversity antenna,” Journal of Electromagnetic Waves and Applications, Vol. 28, No. 10, 1221–
1235, 2014.

22. 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. 16, 2011.

23. Lee, J.-M., K.-B. Kim, H.-K. Ryu, and J.-M. Woo, “A compact ultra wideband MIMO antenna
with WLAN band-rejected operation for mobile devices,” IEEE Antennas and Wireless Propagation
Letters, Vol. 11, 990–993, 2012.

24. Chacko, B. P., G. Augustin, and T. A. Denidni, “Uniplanar slot antenna for ultra wideband
polarization-diversity applications,” IEEE Antennas and Wireless Propagation Letters, Vol. 12,
88–91, 2013.

25. Chacko, B. P., G. Augustin, and T. A. Denidni, “Uniplanar polarisation diversity antenna for
ultra wideband systems,” Microwaves, Antennas & Propagation, IET, Vol. 7, No. 10, 851–857,
Jul. 16, 2013.

26. Natarajamani, S., S. K. Behera, and S. K. Patra, “A compact planar diversity antenna for ultra-
wideband application with band-notched function,” Microw. Opt. Technol. Lett., Vol. 55, 758–762,
2013.

27. 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.

28. Blanch, S., J. Romeu, and I. Corbella, “Exact representation of antenna system diversity
performance from input parameter description,” IEE Elect. Lett., Vol. 39, No. 9, 705–707, May 2003.


