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In this article, a band-notched dual-polarized crossed dipole antenna is proposed for 2.4/
5 GHz WLAN applications. The proposed antenna works on the WLAN 2.4-GHz
(2.4–2.48 GHz) and 5-GHz (5.15–5.85 GHz) bands for a VSWR <2 with two radiation
zeros within 3.4–3.6 GHz. First, an ultra-wideband crossed dipole antenna with an
operating frequency of 2.4–5.8 GHz is designed using the grounded coplanar
waveguide (GCPW) feeding structure. Second, a miniaturized defected microstrip
structure (DMS) is embedded in the GCPW feeding strip to form a stopband behavior
with a radiation zero. Finally, combining with the design of a C-shaped split ring resonator
(SRR) on the arms of the dipole antenna, a band notch (3.4–3.6 GHz) with two radiation
zeros can be realized. These two radiation zeros can be adjusted independently to achieve
a wide stopband performance. As a result, compared with the original ultra-wideband
dipole antenna, the realized gains of the proposed antenna in the 3.4–3.6 GHz range are all
suppressed from 8 dBi to less than −8 dBi. The proposed antenna can realize the stable
unidirectional radiation pattern and a high gain of around 7 dBi in the lower band and
8.5 dBi in the higher band of WLAN. As a demonstration, the proposed antenna is
fabricated and measured, and the measurement results are in good agreement with the
simulation results.
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INTRODUCTION

In the current wireless communication systems, decoupling [1] and suppressing interference from
other narrow-band systems [2] are extremely important for applications in high-density environments.
In the application ofMIMOWLAN, dual-band (2.4–2.484 and 5.15–5.85 GHz) dual-polarized antenna
elements with high isolation and high gain are used to obtain excellent communication performance
[3]. In order to avoid the undesired signals from other narrow-band systems, including the 5G and
WiMAX communication systems (3.4–3.6 GHz), it is an effective way to introduce a stopband behavior
into a wideband antenna with other technical standards unchanged.

The monopole antenna can realize the ultra-wideband characteristic with a notch to cover the
WLAN bands [4, 5]. Although these band-notched monopole antennas can achieve good
performance, they are not suitable for the dual-polarized applications with a unidirectional
radiation pattern. The microstrip filtering antenna can achieve a deep rejection by introducing a
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filtering structure inside the antenna without increasing the
antenna volume [6, 7]. However, the microstrip antenna
bandwidth is not wide enough to occupy the 2.4/5-GHz
WLAN band. The broadband Vivaldi antenna [8] can achieve
the stopband characteristic by integrating band-stop filters in the
feeding line. Nevertheless, the profile of the Vivaldi antenna is
high and the gain is low.

The crossed dipole antenna has been widely used inWLAN and
base station applications because of the advantages of the broad
operating band, double polarization, good radiation pattern
stability, small dimension, and easy manufacturing [2, 3, 9, 10].
Inwork [9], C-shaped strips are designed beside the feed lines and a
notched band of 2.27–2.53 GHz is achieved. By placing U-shaped
strips along the feed lines and etching split-ring slots on the main
radiators, the antennas in [11, 12] can obtain second-order notched
bands. In contrast to work [12], work [10] can achieve first-order
and second-order notched bands by etching two more split-ring
slots on the main radiators. The Ref. [2] achieves a stop band of
2.9–3.1 GHz by placing a cross-dumbbell–shaped parasitic element
above the radiator. However, all antennas in works [2, 9, 10] adopt

an additional feeding structure under the crossed dipole antennas
or parasitic element above the dipoles, which increase fabrication
cost and installation difficulty.

In article [3], a C-shaped split-ring resonator (SRR) is
introduced into a broadband-crossed dipole antenna to realize
a notched band, and no additional filter circuit is required under
the antenna. Compared with the broadband antenna without the
SRR, the stopbandminimum gain of the band-notched antenna is
suppressed from 8 to −9 dBi. With only one substrate, the
installation of antenna is easy and the fabrication cost is low.
However, the notched band has only one radiation zero, so it does
not suppress all frequencies in the stopband very well.

In this article, a band-notched crossed dipole antenna with two
radiation zeros is proposed for the 2.4/5 GHz WLAN
applications. First, the original ultra-wideband crossed dipole
antenna is designed using the grounded coplanar waveguide
(GCPW) feeding structure to cover the frequency of
2.4–5.8 GHz. Then, to achieve a radiation zero, the
miniaturized M-shaped defected microstrip structure (DMS)
[13] resonator is added to the GCPW feeding strip. The length

FIGURE 1 | (A)Overall structure. (B) Side view. (Lg � 80, Ls � 40, H � 19, Hs � 0.787 mm). (C) Upper layer from top view. (D) Bottom layer from top view. (D1 � 0.6,
D2 � 3, F1 � 1.38, F2 � 8.72, F3 � 0.9,G1 � 7,G2 � 0.2,G3 � 1.84, L1 � 37.2, L2 � 6.4, Lf � 1.4, P1 � 12, P2 � 21.6, Rf � 0.7, S1 � 0.15,W1 � 1,Wn � 0.1,Wf � 1.3 mm, and
k � 0.125).
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of the DMS resonator is close to half-wavelength at resonant
frequency. At last, the C-shaped SRR on the arms of the dipole
antenna is introduced to obtain the second radiation zero. As a
result, the realized gain of the proposed antenna within
3.4–3.6 GHz is all suppressed from 8 dBi to below -8 dBi,
compared with the original ultra-wideband crossed dipole
antenna. The proposed antenna, realizing the stable
unidirectional radiation pattern and a high gain of around
8 dBi, can be a good candidate antenna for the 2.4/5 GHz
WLAN applications.

STRUCTURE OF ANTENNA

Figures 1A and B present the overall structure of the proposed
band-notched antenna. The antenna consists of one substrate,
two coaxial cables, and a metal reflector. The antenna is printed
on the top layer and bottom layer of the substrate. The coaxial
cables pass through the reflector, and the outer conductor is

connected to the reflector and fed to the crossed dipole antenna.
The Rogers-4350 substrate is utilized with the permittivity of εr �
3.66, length of Ls � 40 mm, and thickness of Hs � 0.787 mm. The
square metal reflector is employed under the substrate with the
distance of H � 19 mm to realize the unidirectional radiation
pattern. Ansys HFSS software was used for simulation, and the
simulation thicknessHm of metallic layers of the substrate was set
as 0.035 mm. Because Hm would affect the performance of the
stopband filter, it is necessary to consider Hm in the process of
simulation and design of the proposed band-notched filter.

Figures 1C and D present the top layer and bottom layer from
the top view of the proposed antenna, respectively. The top and
bottom layers are connected to each other by nine shorted
metalized vias, eight for connecting dipoles in the top and
bottom layers and one for connecting the GCPW transmission
line. The upper crossed dipoles have the same shape and size as the
lower dipole. The internal part of the dipole arm is fan-shaped and
the external part is the C-shaped SRR. The antenna arm edges
between the crossed dipoles are designed in an exponential shape.
The function of the exponential shape can be expressed as Y(x) �
Cekx + B, where k is the constant coefficient of function. The
GCPW structure can be designed inside these twometal layers. The
outer conductor of the coaxial cable is connected to a dipole arm on
the bottom layer of the substrate. The inner conductor is connected
to one end of the GCPW strip by extending across the substrate.
And the other end of the GCPW strip is connected to the other
dipole arm. The partial line of the GCPW strip of port 2 is printed
on the bottom layer of the substrate to avoid overlap, and the top
and bottom parts of the GCPW strip are connected to each other
using a shorted metallized via. There is an M-shaped DMS filter
embedded in the GCPW feeding strip. The slot width and themetal
width of DMS are both Wn.

ANALYSIS OF ANTENNA DESIGN

GCPW Wideband Antenna
The broadband operating principle of the crossed dipole antenna
is that the strong coupling between the two crossed dipoles

FIGURE 2 | Two wideband antennas. (A) Wideband antenna using the MDF structure. (B) The proposed antenna using the GCPW structure.

FIGURE 3 | Simulation results of two antennas.
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introduces the second and third mode and greatly widens the
bandwidth [2, 3, 10, 11]. Moreover, the arm spacing between the
crossed dipoles, designed to vary exponentially, can improve the
impedance matching [3, 14]. The exponential-shaped arms are
adopted in the proposed dipole antenna to obtain a wide
bandwidth in this article. As mentioned above, the function of
the exponential shape can be expressed as Y(x) � Cekx + B. As the
coefficient k gets smaller, the exponential line gets closer to a
straight line.

As a reference antenna, the broadband crossed dipole antenna
using modified direct-feeding structure (MDF) is proposed in [3]
and presented in Figure 2A. Then, the feeding structure of this
wideband crossed dipole antenna is modified to the GCPW
feeding structure, as shown in Figure 2B. Compared with the
reference antenna, the feeding structure of the proposed antenna
is changed into the GCPW structure with the inner arms printed
with all metal instead of loop structure. Figure 3 exhibits the
simulated results of the two antennas. Using the GCPW feeding
structure, the proposed antenna can also achieve a wide
bandwidth (2.4–5.85 GHz) and high isolation (more than
22 dB). Although the characteristics of the two antennas are
similar, the proposed antenna can integrate filters on the

GCPW feeding line. Therefore, the proposed broadband
antenna is the basis of the integrating filter inside the antenna
to realize filtering characteristics.

GCPW Filter
To embed the band-notched filter into the proposed GCPW
broadband antenna, the filter needs to be small in size. As shown
in Figure 1, a miniaturized GCPW DMS filter is proposed in this
article to realize a notched band of 3.4–3.6 GHz. The DMS is
etched in the GCPW transmission line. The DMS resonator is
nearly a half-wavelength at resonant frequency [13]. In order to
explain its working principle more clearly, software HFSS is used
to simulate the proposed bandstop filter, and software ADS is
utilized to analyze its equivalent circuit.

Figures 4A–C show the U-, N-, and M-shaped DMS
resonators, respectively. The slots of U-, N-, and M-shaped
DMS resonators have one, two, and three bends, respectively.
The resonant frequency versus F2 of these three filters are
depicted in Figure 4D. It can be seen that the M-shaped DMS
resonator can achieve a lower resonant frequency under same
size. At the frequency of 3.5 GHz, only the M-shaped DMS
resonator with the length of 8.6 mm can be embedded into the
proposed wideband antenna in Figure 2B.

C � 5f c
π(f 20 − f 2c)

pF (1)

L � 250

C(πf 0)2
nH (2)

R � 2Z0
1|S11(f0)|−1

∣∣∣∣∣f�f 0 Ω (3)

The equivalent circuit with a parallel RLC lumped element is
reported to prove the concept of the transmission line of DMS
[13–15]. The conventional stopband circuit parameters can be
expressed in Eq. 1–3, where fc is the cut-off frequency (GHz), f0 is
the resonant frequency (GHz), and Z0 is the characteristic
impedance (Ω) of the GCPW transmission line. With F2 �
8.6 mm, the GCPW M-shaped DMS is simulated in software
HFSS. The result of electromagnetic (EM) simulation shows that
fc � 3.59 GHz, f0 � 3.5 GHz and |S11| � -0.54 dB � 0.94, and Z0 is
set 50Ω, as displayed in Figure 5. Then, according to Eq. 1–3,

FIGURE 4 | Three DMS resonators: (A) U-shaped, (B) Z-shaped, and (A) M-shaped. (D) Resonant frequencies of U-shaped, N-shaped, and M-shaped DMS
resonators.

FIGURE 5 | EM and circuit simulation results of the proposed GCPW
DMS resonator.
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C � 8.95 nF, L � 0.231 nH, and R � 1,559Ω can be calculated. The
EM model and circuit model of the DMS resonator are shown in
the lower left and right corner of Figure 5, respectively. The
results of EM and circuit simulation are presented in Figure 5,
and the simulation results have good agreement, which verifies
the correctness of the equivalent circuit. Therefore, the equivalent
circuit can assist in the rapid analysis of the performance of the
antenna cascaded with filters.

The proposed DMS filter in Figure 4C and GCPW
wideband antenna in Figure 2B are presented again in
Figures 6A,B. When cascading the filter and wideband
antenna, the equivalent circuit can be expressed in
Figure 6C. Because two ports of the antenna have same
impedance characteristics, only one port equivalent circuit
is presented. As a reference, the DMS filter is embedded
into the GCPW feeding line of the wideband antenna, as
displayed in Figure 6D. The circuit simulation result of the
equivalent circuit in Figure 6C and the EM simulation result of
the band-notched antenna in Figure 6D are shown in Figure 7.

The EM and circuit simulation results have good agreement. It
can be seen that one notched band can be realized by the
GCPW antenna with the DMS filter. Although the suppression
performance of the GCPW band-notched antenna is good at
3.5 GHz, the notched bandwidth is not wide enough to cover
3.4–3.6 GHz.

Figures 8A and B show the proposed DMS filter in Figure 4C
and the GCPW band-notched antenna with SRR [3], respectively.
The cascading equivalent circuit can be expressed in Figure 8C.
Here, only one port equivalent circuit is presented. Then, the
DMS filter is embedded into the GCPW feeding line of the band-
notched antenna, as presented in Figure 8D. The circuit
simulation result of the equivalent circuit in Figure 8C and
the EM simulation result of the band-notched antenna in
Figure 8D are shown in Figure 9. The EM and circuit
simulation results meet well. As a result, the proposed antenna
in Figure 8D can realize a wider notched bandwidth, covering
3.4–3.6 GHz.

Band-Notched Antenna
In order to better exhibit the evolution of the proposed GCPW
band-notched antenna with two radiation zeros, the referenced
wideband antenna, band-notched antenna with one radiation
zero, and the proposed antenna are exhibited in Figures 10A–C,
respectively. Compared with the broadband antenna, the band-
notched antenna with one radiation zero antenna has the SRR on
the dipole arms. Then, the proposed antenna utilizes the SRR and
the GCPW DMS resonator at the same time without changing
other designs.

Figures 11A,B show the VSWR and realized gain of the
three antennas. It can be seen that the broadband antenna
covers 2.4–5.8 GHz for a VSWR <2 with a realized gain of
6–9 dBi. The band-notched reference antenna can achieve a
notched band with a maximum VSWR of 38, and the realized
gain within 3.4–3.6 GHz is from −6 to −1.5 dBi. The proposed
antenna can obtain the VSWR bigger than 45 within

FIGURE 6 | (A) Proposed DMS resonator, (B) wideband antenna, and
(C) the equivalent circuit when cascading these two parts. (D) Band-notched
antenna with the DMS resonator embedded into the GCPW feeding line of the
wideband antenna.

FIGURE 7 | Circuit simulation result of the equivalent circuit, and the EM
simulation result of the band-notched antenna.
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3.4–3.6 GHz, and the realized gain of the stopband is lower
than −8 dBi with two radiation zeros. The antenna average
gain is 7 dBi in the lower working band and 8 dBi in the higher
working band. To conclude, the proposed antenna can achieve
two working bands covering 2.4–2.5 GHz and 5.15–5.85 GHz
for a VSWR <2 with high gain, and a notched band of
3.4–3.6 GHz with the gain suppression more than 16 dB.

The impacts of parameters L2 and F2 on realized gain in the
broadside direction are presented in Figures 12A,B,
respectively. As can be seen from Figure 12A, with the
increase of L2, the first radiation zero on the left moves
towards the higher frequency and the second radiation zero
remains nearly unchanged. Figure 12B shows that, when F2
increases, the second radiation zero moves to the lower
frequency with the first radiation zero almost unchanged.
Appropriate value of L2 and F2 should be chosen to ensure
sufficient suppression performance and the notch bandwidth.
Therefore, it can be concluded that two radiation zeros can be
adjusted independently.

EXPERIMENTAL VALIDATIONS

The measured results are achieved by an Agilent network
analyzer (Agilent N5230A) and a far-field measurement
system (NSI 2000). The proposed GCPW band-notched
antenna is fabricated and displayed in Figure 13.

Figure 14A shows the simulation and measurement results of
VSWR and isolation of the proposed antenna. The measured
impedance bandwidth for a VSWR <2 is 2.4–2.85 GHz and
5–6 GHz, covering the 2.4/5-GHz WLAN band. The measured
VSWR of the proposed antenna is larger than 25 within
3.4–3.6 GHz. The measured isolation is larger than 22 dB in
the lower operating band and around 35 dB for the higher
operating band.

Figure 14B displays the simulated and measured results of the
realized gain in the broadside direction. The measured gain in the
notched band of 3.4–3.6 GHz is lower than −6 dBi with two
radiation zeros. The measured gain of the antenna for the 2.4-
GHz WLAN band is around 7 dBi. The measured average gain is
8.5 dBi for the 5-GHz WLAN band. To conclude, the proposed
antenna can achieve two working bands covering 2.4–2.5 GHz
and 5.15–5.85 GHz for a VSWR <2 with high gain and a notched
band of 3.4–3.6 GHz with the measured gain suppression more
than 14 dB. The measured and simulated results meet well. The
deviation between the simulation result and measurement result
is mainly caused by the manufacturing, installation, and
wideband measurement tolerance.

Figures 15A–C show the radiation patterns at the
horizontal plane (YOZ plane) for 2.4, 5.2, and 5.8 GHz,
respectively. It can be seen that the copolarization patterns
are unidirectional and stable for these three frequencies. The
cross-polarization in the broadside direction is less than
22 dB at 2.4 GHz and are less than 25 dB for the higher
frequencies. The radiation patterns are a little distortion
for the asymmetrical feeding structure. Nevertheless, the
proposed band-notched antenna can realize the stable

FIGURE 8 | (A) Proposed DMS resonator, (B) one-order band-notched
antenna, and (C) the equivalent circuit when cascading these two parts. (D)
Proposed band-notched antenna with the DMS resonator embedded into the
GCPW feeding line of the one-order band-notched antenna.

FIGURE 9 | Circuit simulation result of the equivalent circuit, and EM
simulation result of the proposed band-notched antenna.
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unidirectional radiation pattern, high gain, and a notched
band with two radiation zeros.

Table 1 shows the comparison among the proposed antenna
and some reported band-notched crossed dipole antennas. The
cited reference works are wideband crossed dipole antennas
with band-notched characteristics and unidirectional
radiation patterns. The antennas in [9–12] can achieve
notched bands by using the U-shaped strips along the feed
lines or etching split-ring slots on the main radiators.

However, because these works all have the working
bandwidth of less than 55% (1.7–3 GHz) for a VSWR <1.5,
they are not good candidates for the WLAN applications with
the bandwidth of 83% (2.4–5.8 GHz) for a VSWR >2. In work
given in reference [2], additional feeding structure is utilized to
increase the bandwidth, and a parasitic element is added above
the dipoles to introduce a notched band. The bandwidth for a
VSWR <1.5 covers 1.7–3.6 GHz, and the antenna is possible to
be modified for the WLAN applications with a VSWR <2.

FIGURE 10 | (A) Wideband antenna. (B) Band-notched antenna with one radiation zero. (C) Propose antenna with two radiation zeros.

FIGURE 11 | Simulated (A) VSWR and (B) realized gain of three antennas.

FIGURE 12 | Impacts of (A) L2 and (B) F2 on realized gain.
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However, the antenna uses an additional balun structure and
parasitic element, which increase the manufacturing cost and
installation difficulty. Besides, the gain suppression in the
notched band is only about 4 dB. With only one substrate, the
band-notched antenna in [3] is suitable for WLAN applications
with high gain and easy for installation. However, there is only one
radiation zero in the notched band, therefore, not all frequencies in
the stopband can be well suppressed. To conclude, the proposed
antenna can achieve an ultra-wide bandwidth (2.4–5.8 GHz) with a
notched band (3.4–3.6 GHz) for WLAN applications with high

gain. The gain in the stopband is less than -8 dBi. Moreover, with
only one substrate, the installation of the antenna is easy and the
fabrication cost is low.

CONCLUSION

In this article, an ultra-wideband crossed dipole antenna with two
radiation zeros is proposed for 2.4/5 GHzWLAN applications. The
proposed antenna has two operating bands (2.4- and 5-GHz WLAN

FIGURE 13 | Fabrication of the proposed band-notched antenna. (A) Photograph view. (B) Top view.

FIGURE 14 | Simulated and measured VSWRs and isolation of the proposed antenna.

FIGURE 15 | Simulated and measured radiation patterns at the horizontal plane for (A) 2.4 GHz, (B) 5.2 GHz, and (C) 5.8 GHz.
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bands) and a notched band (3.4–3.6 GHz). With only one substrate,
the band notch is achieved with two radiation zeros by utilizing an
M-shaped defected microstrip structure (DMS) filter embedded in
the grounded coplanar waveguide (GCPW) feeding strip. The
proposed antenna can realize a high gain of around 7 dBi in the
lower operating band and 8.5 dBi in the higher operating band. The
gain suppression in the notched band is more than 16 dB. Because
of the band-notched characteristics and stable unidirectional
radiation patterns with high gain, the proposed band-notched
antenna can be an excellent candidate for wireless communication
systems, such as the MIMO WLAN applications.
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