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ABSTRACT: In this paper, a microstrip filtering antenna is proposed with gain-filtering response. The antenna consists of an E-shaped
radiator and a slotted U-shaped coupling structure. Three radiation nulls are obtained by the radiator, the U-shaped coupling structure,
and the two slots. The filtering antenna has no extra circuits, which indicates that it is easy to design. A 4-element filtering OAM antenna
array is also designed to validate its applicability in OAM antennas. Measured results show excellent performance of the array, which
also make it a potential candidate for 5G wireless communication devices.

1. INTRODUCTION

In modern wireless communication devices, miniaturization
and integration of radio wave components is always the pop-

ular trend. Antenna with filtering functions becomes a potential
solution as it can help suppress the interference outside the op-
eration bands.
In early designs of filtering antennas, filters are usually

used as the feeding structure of the antennas. Antennas can be
regarded as the last stage of filters. In this method, antennas
and filters can be designed individually and then integrated
together. Commonly, waveguide resonators or substrate-
integrated-waveguides (SIW) can be used in filtering antenna
designs [1–5]. For example, a dual-mode substrate integrated
waveguide (SIW) cavity is used in [4] to generate two radiation
nulls, and a quasi-elliptic filtering response of the radiation
gain is obtained. A triple-mode cavity resonator is used in [5]
to generate gain-filtering response, and a grid-slotted patch is
used as the radiator. In recent years, a large number of antenna
designs concentrate on the simplification of filters. New
techniques such as split-ring resonators [6–9], open/shorted
branches [10–17], and slots [11, 17–19] are used to obtain
radiation nulls. For example, in [10], symmetric open branches
are used to generate two radiation nulls outside the operation
band, and the other radiation null comes from the radiating
patch. The three radiation nulls contribute to a dual-band band-
pass filtering performance of the radiation gain. In [12], two
quarter wavelength branches are used as the feeding structure
of a dielectric resonator antenna. The two branches offer two
radiation nulls, which lead to a wideband bandpass filtering
response of the radiation gain. Except for these designs, some
other designs turn their attention to filtering antennas without
filtering circuits [20, 21]. For example, in [20], electric and
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magnetic coupling is studied between radiators and parasitic
structures, and two radiation nulls are designed with bandpass
filtering performance. In [21], two square rings are utilized to
generate two radiation nulls, and a wideband bandpass filtering
response is obtained.
However, filtering antennas without extra circuits are still not

easy to design as antennas get more compact under the trend of
miniaturization. Besides, the application of filtering antennas
in orbital angular momentum (OAM) antenna designs is sel-
dom discussed. In view of this, a compact microstrip filtering
antenna is designed without extra circuits. The origins of three
radiation nulls are clearly stated and validated. The excellent
performance of the filtering antenna can make it a design in 5G
wireless communication devices. Further, four filtering anten-
nas are used to form an OAM antenna array. The simulated and
measured results can prove that the OAM array can also have
radiation nulls of the filtering element, which indicate a new
combination direction of OAM antenna and filtering antennas.

FIGURE 1. Geometry of the proposed microstrip filtering antenna. The
main parameters are as follows (unit: mm): L1 = 44.5, L2 = 32.1,
L3 = 17.4,W1 = 19.3,W2 = 14.0,Wg = 80.0.
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FIGURE 2. Evolution process of the proposed antenna.

FIGURE 3. Simulated S-parameter and realized gain of Ant. 1 and Ant. 2.

(a) (b)

FIGURE 4. Current distributions on Ant. 1 at (a) 3.5GHz and (b) 2.42GHz.

2. DESIGN OF THE MICROSTRIP FILTERING AN-
TENNA
Figure 1 illustrates the geometry of the proposed antenna. The
microstrip filtering antenna is printed on an F4B substrate with
the permittivity of 2.65, loss tangent of 0.002, and thickness of
2mm. The antenna exhibits a very simple structure with an E-
shaped radiator and a slotted U-shaped coupling structure. The
E-shaped radiator is fed by a coaxial cable through the hole of
the substrate.
To elaborate the detailed working mechanism of the pro-

posed antenna, an evolution process is given in Fig. 2. Ant. 1
is a conventional E-shaped radiator. Ant. 2 is a U-shaped cou-
pling structure added to Ant. 1. The proposed antenna is two
slots added to Ant. 2. The simulated |S11| and realized gain of
Ant. 1 and Ant. 2 is plotted in Fig. 3. It can be seen clearly
that Ant. 1 operates at about 3.25GHz with a radiation null
at 2.42GHz. When the U-shaped coupling structure is added,

Ant. 2 shows another radiation null at 4GHz. To further study
the origin of the radiation nulls, current distributions on Ant. 1
are shown in Fig. 4. The dominant currents at 3.25GHz flow
along the two arms of the radiator. As the currents along Y -axis
are inverse, their radiation field cancel out in far field. Thus, the
antenna shows a polarization direction alongX-axis. Also, the
currents at 2.42GHz flow from one side end to the middle end,
which shows longer path than the radiation mode at 3.25GHz.
Besides, the currents are all inverse along X-axis and Y -axis,
which indicates cancellation of radiation field. As the currents
at 2.42GHz are very weak, the inherent radiation null is gener-
ated.
A parameter study is also developed to verify the radiation

null of Ant. 1, as shown in Fig. 5. When the length of the radi-
ator increases, the current path also increases, and the radiation
null moves to lower band, which corresponds to the current dis-
tributions in Fig. 4.
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FIGURE 5. Radiation nulls varied with length of the radiator.

(a) (b)

FIGURE 6. (a) Current distributions on Ant. 2 at 4.0GHz. (b) Realized gain of Ant. 2 varied withW2.

(a) (b)

FIGURE 7. (a) current distribution at 3.18GHz and (b) S-parameter, realized gain for the proposed antenna.

The radiation null introduced by the U-shaped coupling
structure of Ant. 2 is located at 4.0GHz. Its current distribu-
tion is also studied to figure out the origin of it, as illustrated in
Fig. 6. With the symmetry of the antenna structure, currents on
the U-shaped coupling structure are also symmetric about X-
axis. Besides, currents on the E-shaped radiator are inverse, and
the radiation field in far field is canceled out by the U-shaped
coupling structure. Thus, the radiation null is obtained. It can
be inferred that this null can be tuned by the parameters of the

U-shaped coupling structure. For further study, the influence of
length of the U-shaped coupling structure (W2) is carried out,
as shown in Fig. 6(b). When W2 increases, the current length
also gets longer, and radiation null at the upper band moves to
low frequency band. Taking operation bandwidth of the mi-
crostrip antenna into account, 20.3mm is chosen as a compro-
mise value forW2.
As the filtering performance of the antenna at lower band is

still not satisfied at lower band, another two slots are etched
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FIGURE 8. Realized gain of the proposed antenna varied with L3. FIGURE 9. Normalized radiation pattern for the proposed antenna at
3.4GHz.

FIGURE 10. Configuration of the OAM antenna array.

(a) (b)

FIGURE 11. (a) Simulated S-parameter and realized gain and (b) helical phase distribution of the proposed OAM antenna array.

on the U-shaped coupling structure. The current distribution
on the proposed antenna is shown in Fig. 7(a). It can be seen
clearly that the currents on the coupling structure flow along the
slots at 3.18GHz. At the same time, all the currents are sym-
metric aboutX-axis, and the currents along Y -axis are inverse,
which indicate that the radiation gain in far field is cancelled
out, and a radiation null can be induced. The S-parameter and

realized gain are plotted in Fig. 7(b). The third radiation null at
3.18GHz is observed.
To validate the design concept, a parameter study is carried

out, as shown in Fig. 8. The length of the slot L3 plays an
important role in frequency of the third radiation null. When
L3 increases, current path on the U-shaped coupling structure
gets longer, and frequency of the third radiation null moves to
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(a) (b)

FIGURE 12. Prototype of the OAM antenna array and the feeding network. (a) Antenna array, (b) feeding network.

FIGURE 13. Simulated and measured S-parameters and realized gains of the OAM antenna array when port1 is fed.

(a) (b)

FIGURE 14. Measured helical phase distribution of the proposed OAM antenna array. (a) +1 mode, (b) −1 mode.

lower band. As a compromise, 17.4mm is chosen for L3. Fi-
nally, the proposed filtering antenna shows an operation band of
3.28–3.52GHz for |S11| < −10 dB with three radiation nulls.
The normalized radiation pattern for the proposed antenna at

3.4GHz is also given in Fig. 9. Unidirectional radiation pattern
is obtained with low cross-polarization, which indicates a good
radiating performance.
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3. OAM ANTENNA ARRAYS
A four-element antenna array is also designed to validate the
applicability of the filtering antenna in OAM antenna designs,
as shown in Fig. 10. The four ports are fed with sequential
phase difference of 90 degrees to form the vertex phase of +1
mode. The simulated S-parameter and realized gain for the an-
tenna array is illustrated in Fig. 11. The feeding network is
shown in Fig. 12(b). The OAM antenna array has an operation
bandwidth of 3.279–3.507GHz for |S11| < −10 dB. The peak
realized gain is 6.68–9.04 dBi in the working band. Besides,
the proposed antenna array shows a specific phase singularity,
as well as a helical phase distribution of +1 mode.

4. RESULTS AND DISCUSSION
A prototype of the filtering OAM antenna array is fabricated
and measured to validate the design concept, as shown in
Fig. 12. A feeding network is also designed to form a dual-
mode OAM antenna array. When port 1 is fed, the −1 mode
vortex electromagnetic wave is obtained. On the other hand,
the+1 mode can be obtained when port 2 is fed. The measured
S-parameter and realized gains of the OAM antenna array are
shown in Fig. 13. Good agreements can be observed between
the measured results and simulated ones. The antenna array op-
erates at 3.28–3.52GHz for |S11| < −10 dB. And the peak real-
ized gain is 6.74–8.42 dBi in the working band. The difference
between the measured gain and simulated results is mainly due
to the loss in the feeding network. Fig. 14 shows the measured
helical phase distribution of the proposed OAM antenna array.
Both the modes show good vortex phase characteristics, which
means that the proposed filtering antenna can be well designed
for OAM antenna applications.

5. CONCLUSION
In this paper, a filtering microstrip antenna, as well as a filter-
ing OAM antenna array is designed. The E-shaped antenna is
proved to have an inherent radiation null owing to the symme-
try of the antenna structure. By introducing a U-shaped cou-
pling structure, a second radiation null is obtained at the upper
band. Further, two slots are etched on the U-shaped coupling
structure, and the third radiation null is obtained at lower band.
Thus, the antenna has filtering response of the radiation gain.
Further, a 4-element OAM antenna array is also designed to
validate the filtering performance of OAM antennas. A feeding
network is used to form two vortex modes. Simulated results
show good agreements with the simulated ones. The designs of
the filtering antenna and OAM antenna array indicate potential
candidates in wireless communication devices.
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