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Abstract—A novel wideband beam reconfigurable magneto-electric dipole patch antenna is presented
in this paper. The proposed antenna consists of two H-shaped patches, two folded patches, an E-shaped
feeding structure, a side-slotted ground, and a large reflective ground. Two H-shaped patches are
horizontally placed on both sides of the feed structure, and two folded patches are assembled vertically
to the upper ground, which are designed as the magneto-electric dipole structure. Two symmetrically
sided slots are etched on the upper ground to reduce the profile, and an E-shaped strip is employed in
the feeding structure to broaden the bandwidth. To suppress the backward radiation, a lower ground
with large size is designed as a reflector. Four binary switches are symmetrically integrated on the
stubs of H-shaped patches. By switching them ON or OFF simultaneously, the current distribution is
changed to achieve beam reconfigurability. Finally, a set of antenna prototype with four configurations
is fabricated and measured. The measured results show that maximum impedance bandwidth achieves
up to 77.8% at 2.7 GHz from 2.0 GHz to 4.1 GHz. At 2.7 GHz, the measured peak gains are 8.4 dBi,
9.3 dBi, 8.1 dBi, and 8.7 dBi, where the beams point to −21◦, 0◦, 21◦, and 34◦, respectively in E-plane.

1. INTRODUCTION

Modern wireless communications suffer from the increase in interference between users or electronic
jamming. One of the means to resolve the problems is to use a reconfigurable antenna whose
characteristics can be reconfigured in terms of frequency, polarization, and radiation beam. Beam
reconfigurable antennas have attracted great interest owing to their advantages to transmit/receive
signals with flexible direction. These antennas can increase the spectrum utilization by dynamically
adjusting their radiation characteristics to the system requirements and the surrounding environment,
reducing the cost and space of installation efficiently. In these mobile systems, antennas are desired
to dynamically changing their radiation beams in response to variations in traffic distribution. It can
improve the capacity efficiency and signal-to-noise-ratio (SNR) of systems.

Beam reconfigurable antenna can generate different radiation patterns on a physical aperture, as
shown in Figure 1. In recent years, three beam-steering techniques have been used to design beam
reconfigurable antennas: mechanical devices [1, 2], tunable materials [3, 4], and solid state devices, such
as PIN diodes [5, 6], varactors [7, 8], and microelectromechanical systems (MEMS) [9]. Mechanical
devices have special requirements for structure design where it need be mounted beneath the ground
plane to isolate the antenna radiation. Tunable materials are inserted into the substrate of antenna to
make it difficult to control the radiation performance of the antenna element independently. As for the
solid state devices, they are integrated on the surface of each element to directly involve in the element
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Figure 1. Schematic view of a beam reconfigurable antenna and its integration with active device.

radiation to obtain fast response time. Compared with the former two methods, solid state devices have
flexible control characteristics on antenna radiation.

In the literature, a planar microstrip antenna with a single element or several radiating elements
is usually designed by integrating active devices to achieve beam reconfiguration [10–12]. This type
has disadvantages of low gain or narrow bandwidth, even the limited beam reconfigurable capabilities.
Although the antenna gain can be improved quickly by increasing the number of elements [13, 14], the
complexity of the feed network or the size of the antenna aperture increases, even the transmission
loss of feed network is also increased. By adding artificial electromagnetic surface on the upper or
lower space of antenna aperture, the radiation gain can be greatly improved [15, 16]. However, its
bandwidth is narrow for the limitation of resonance conditions. Due to the ability to simultaneously
excite electric dipole and magnetic dipole with good radiation pattern, magneto-electric (ME) dipole
antennas have attracted much attention. By switching active devices loaded on the dipole structure of
ME dipole antennas, reconfigurable ME dipole antennas with various flexible radiation capabilities can
be achieved, such as beam [17, 18], beamwidth [19, 20], polarization [21, 22], or frequency diversities [23].
On the whole, the research on beam reconfigurable ME dipole antenna is very limited. Among existing
designs [17, 18], the gain and bandwidth of the beam reconfigurable ME dipole antenna prototype are
insufficient for promotion on application.

To address above challenges, a novel linearly polarized metal-only beam reconfigurable ME dipole
patch antenna is presented in this work. The ME dipole radiating structure with four configurations
is designed to verify the feasibility of beam reconfigurability. Then, an E-shaped feeding structure is
adopted to provide RF energy to obtain a wide impedance bandwidth. To reduce the vertical height
of the magnetic dipole structure, a short ground plane with slot etching is designed above the other
large ground plane. This paper is organized as follows. The antenna design is presented in Section 2,
and parameter analysis is presented in Section 3. Then, the measured results of proposed antenna are
shown in Section 4. Finally, the conclusion is given in Section 5.

2. ANTENNA DESIGN

Figure 2(a) shows the design structure of the proposed ME dipole patch antenna. The center frequency
is designed at 2.7 GHz, and the polarization is linear along with y-axis. The antenna consists of two
horizontally symmetrically placed H-shaped patches as the electric dipole structure, and two vertically
folded patches as the magnetic dipole structure, as shown in Figures 2(b) and 2(c). Two pairs of
symmetrical rectangles are slotted on the two arms of the electric dipole. To improve the impedance
bandwidth, the feeding structure is modified with an E-shaped strip. It consists of two parts, a
transmission line with three parallel branches and a coupling strip that is composed of a horizontal
rectangular part. Meanwhile, a vertical metallic probe with a radius R of 4.5 mm is used to connect the
coupling strip and the inner conductor of the SubMiniature version A (SMA) connector.
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Figure 2. The geometry of proposed antenna. (a) Perspective view of the whole antenna. (b) Two
H-shaped patches with E-shaped feeding structure. (c) Two folded patches. (d) Side-slotted upper
ground.

The ground is divided into two parts, lower ground as a large reflector, which is used to suppress
the backward radiation, and upper ground as a short wall of magnetic dipole antenna. To connect the
upper and lower grounds, four metallic cubes with a height of 7mm (0.063λo) constitute a supporting
structure with a square hole (Lc×Lc) in Figure 2(d). Therefore, the input energy is first fed by the SMA
to the vertical metallic probe. Then, it transmits along the E-shape strip to horizontal patches and
vertical patches for good radiation. To achieve the beam reconfiguration, four binary switches (Switch1,
Switch2, Switch3, and Switch4) are loaded on the slots of horizontal H-shaped patches. By selecting
ON or OFF state of each switch, four different configurations can operate in the required frequency
band, as presented in Table 1 and Figure 3. For simplicity [9, 24, 25], the “ON” state indicates that the
slot is short, where two stubs of the H-shaped patch are connected by a metallic line, and the “OFF”
state indicates that the slot is open, where the two stubs of the H-shaped patch are disconnected.
The metallic sheet used in the antenna is made of stainless steel with a thickness of 1mm. Some key
geometrical parameters are optimized as in Table 2.

The proposed beam reconfigurable metal-only ME dipole patch antenna is analyzed using high
frequency structure simulator (HFSS) based on the finite-element method. Radiation boundary
condition is applied to the antenna to mimic a free-space environment. Lumped port with 50 ohm
input impedance is set as excitation. For explaining the beam reconfiguration operated at four states,
the simulated current distributions on the surfaces of the horizontal patches are shown in Figure 4. The
lengths of the arms of the electric dipole antenna are controlled using four binary switches, and the



114 Wang et al.

(a) (b)

(c) (d)

Figure 3. The configurations of four states. (a) State 1. (b) State 2. (c) State3. (d) State4.

Table 1. The states of the proposed antenna.

State Switch1 Switch2 Switch3 Switch4
1 ON ON ON ON
2 ON ON OFF OFF
3 OFF OFF ON ON
4 OFF OFF OFF OFF

Table 2. The key geometrical parameters of the proposed antenna.

Parameters L W H Lg Wg Ls

Value (mm) 39 28 23 129 129 34
Parameters Ws Wd Wf Lf Lo Wo

Value (mm) 9 11 13 19 9 4
Parameters Wt Lm Wm Wc Lc

Value (mm) 28 16 6 6.5 15

current distribution varies with the length. Consequently, the dipole shifts the overall radiation beam of
the antenna to the direction where the current intensity is stronger. As a result, four different radiation
beams can be reconfigured by employing four switches integrated on the arms of electric dipole antenna.
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Figure 4. The current distribution of the four states. (a) State 1. (b) State 2. (c) State 3. (d) State 4.

To investigate the working mechanism of the antenna, the reflection magnitude and radiation beams
of proposed antenna at four states are studied. As shown in Figure 5, the proposed beam reconfigurable
antenna attains its wide bandwidth at four states, where the −10 dB impedance bandwidth covers
2.2 GHz–4.1 GHz at State 1, 2.1 GHz–4.1 GHz at State 2, 2.3 GHz–4.0 GHz at State 3, and 2.3 GHz–
4.1 GHz at State 4. The simulated maximum relative bandwidth is up to 74.1% at 2.7 GHz at State 2.
For these four states, the overlapped −10 dB impedance band of the proposed antenna covers 2.3 GHz–
4.0 GHz. In Figure 6, the radiation beams at four states are designed to switch among four different
directions at desired frequency band. The simulated radiation patterns have the performance of high
gain, where the gains vary from 7.8 dBi to 9.9 dBi when the display frequencies are 2.5 GHz, 2.7 GHz,
and 2.9 GHz. Especially at 2.7 GHz, the radiation beams at State 1, State 2, State 3, and State 4
point to 20◦, 33◦, −23◦, and −1◦ in E-plane, respectively. The corresponding peak gains at 2.7 GHz

Figure 5. Simulated reflection magnitude versus frequency under four states.
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Figure 6. Simulated 3D radiation beams at 2.5 GHz, 2.7 GHz and 2.9 GHz under four states.

are 8.7 dBi, 9.4 dBi, 9.1 dBi, and 9.9 dBi. Although the electric dipole structure of State 2 and State 3
are symmetric, the radiation patterns at State 2 and State 3 are asymmetric. It is caused by the
asymmetrical feeding structure.

3. PARAMETER ANALYSIS

Three critical parameters are selected to discuss the influence on the antenna performance. First, the
influence of two sided slots etched on the upper ground is described in Figure 7. The simulated current
distribution on the surface of non side-slotted ground is shown in Figure 7(a), and the simulated current
distribution on the surface of side-slotted ground, where two rectangular slots are etched symmetrically
on the edge of the upper ground, is shown in Figure 7(b). Compared with the non side-slotted ground,
these two slots increase the effective length of surface current flowing along the outer edge of upper
ground to reduce the profile. The profile of the whole antenna is optimized to 23 mm (0.207λo) where
the height of the magnetic dipole can be significantly reduced to 0.144λo. It is worth mentioning that the
height of proposed magnetic dipole structure is 42.4% smaller than 0.25λo in the conventional magnetic
dipole structure [18–21]. To obtain a good impedance matching, the length Lo of two sided slots is
selected as 9 mm.
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Figure 7. The current distribution of upper ground at 2.7 GHz under State 1. (a) Non side-slotted
ground. (b) Side-slotted ground.

The simulated impedance performance on different radii R of the metallic probe at State 1 is given
in Figure 8. The results show that the real part and imaginary part of the input impedance vary with
the variation of radius R. As a part of the inner conductor of coaxial connector, the real part of the
impedance of the vertical metallic probe decreases with the increase of radius R, which can be derived

(a) (b)

(c)

Figure 8. Simulated impedance of different radius R under State 1. (a) Real part. (b) Imaginary part.
(c) Reflection magnitude.
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from the model of coaxial line as Equation (1):

Zc =
60√
εr

ln
D

2R
. (1)

In Eq. (1), εr signifies the relative dielectric constant of the substrate, D the diameter of the outer
conductor, and R the radius of the inner conductor. In addition, the vertical metallic probe and the
surrounding metallic sheet can be considered as a capacitor. According to the calculation Equation (2)
of capacitance derived from cylindrical capacitor:

C =
2πεL

ln D
2R

. (2)

In Eq. (2), ε signifies the dielectric constant of the substrate, and L signifies the capacitor length.
Referring to Eq. (2) and the negative inversely-proportional relationship between the capacitive
impedance and capacitance, it can be judged that the imaginary part of input impedance increases
with the increase of the radius R of the inner conductor. Finally, the simulated results verify that with
the increase of R, the real part of the input impedance under State 1 decreases, and the imaginary part
increases, as shown in Figures 8(a) and 8(b). Therefore, R = 4.5 mm is selected to effectively optimize
the input impedance of the antenna, thus improving bandwidth of the antenna, as shown in Figure 8(c).

A novel feeding structure with an E-shaped strip is designed to improve the impedance matching
of the proposed antenna. The current distributions of I-shaped feeding strip and E-shaped feeding
strip are shown in Figure 9(a) and Figure 9(b), respectively. Compared with the conventional feeding
design with the I-shaped strip, the E-shaped feeding strip increases two additional branches to achieve
different current distributions. It gives more degrees of freedom on the optimization of the impedance
to achieve wideband performance. It can be observed from the curves in Figures 10(a) and 10(b) that
the E-shaped feeding structure effectively alters the real part and imaginary part of impedance in the
frequency band. The E-shaped strip structure works as a capacitive reactance to balance the reactive
and resistive parts of impedance produced by the vertical probe and dipole. It should be noted that the
length L of I-shaped structure is set as 39 mm for comparison in Figure 10. To achieve better impedance
characteristics, the length L is properly optimized as 39 mm, where the maximum bandwidth of 70.4%
at State 1 is achieved in Figure 10(c). Of course, the optimized length L = 39 mm is finally used as a
measured parameter for the proposed E-shaped structure. For the sake of brevity, the analysis of other
states, including State 2, State 3, and State 4, is omitted.

(a) (b)

Figure 9. The current distribution of feeding structure at 2.7 GHz under State 1. (a) I-shaped feeding
strip. (b) E-shaped feeding strip.
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(c)

Figure 10. Simulated impedance of feeding structure under State 1. (a) Real part. (b) Imaginary
part. (c) Reflection magnitude.

4. MEASURED PERFORMANCE OF PROTOTYPE ANTENNA

In this section, a set of antenna prototype with four configurations based on a metallic line is fabricated
to verify the concept of design method of beam reconfigurable ME dipole patch antenna, as shown in
Figure 11. The radiating aperture of each configuration is 0.738λo × 0.702λo × 0.207λo (λo at 2.7 GHz).
The metallic plates are carved on a 1-mm thick stainless steel sheet using laser cutting technology.
Then, they are assembled together using metallic bolts with a diameter of 2 mm. Four metallic cubes
and the vertical probe are made of stainless steel, which are soldered on the antenna structure. The
SMA connector adopted in antenna prototypes is KFD510 with an impedance of 50 ohm to provide the
energy.

At each of the four states, the reflection magnitude is measured by vector network analyzer, and
the radiation performance is measured by a far-field anechoic chamber. Figure 12(a) gives the measured
reflection magnitude at four states. The measured −10 dB impedance bandwidths are 2.3 GHz–4.0 GHz
at State 1, 2.0 GHz–4.1 GHz at State 2, 2.0 GHz–3.9 GHz at State 3, and 2.2 GHz–3.7 GHz at State 4,
while the maximum relative bandwidth up to 77.8% at 2.7 GHz at State 2 and overlapped frequency
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(c) (d)

(e)

Figure 11. Photographs of prototype antenna with four configurations. (a) State 1. (b) State 2. (c)
State 3. (d) State 4. (e) Side view.

band is 2.3 GHz–3.9 GHz. The measured radiation performance at four states is plotted in Figure 12(b).
It shows that the prototypes have different beams performance, where the beams point to 21◦, 34◦,
−21◦, and 0◦, respectively in E-plane. The corresponding measured peak gain achieves 8.1 dBi, 8.7 dBi,
8.4 dBi, and 9.3 dBi at 2.7 GHz, with a gain variation of only 1.2 dB at four states. These measured
results verify that the proposed design have good performance on bandwidth and beam reconfigurability.
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(a) (b)

Figure 12. (a) Measured reflection magnitude at four states. (b) Measured radiation beams at 2.7 GHz
at four states.

The maximum radiation efficiency corresponding to the measured gain is up to 94% at 2.7 GHz using
the following definition:

η = Gain/Directivity, (3)

where η denotes the radiation efficiency of the antenna.
It has been observed that the measured results at each of the four states are in a reasonable

agreement with simulation ones. The discrepancies between them are mainly caused by undesired
fabrication inaccuracy and assembly errors. In the process of fabrication and assembly, the size and
installation position of the vertical probe have certain deviation. It affects the real part of input
impedance, especially at low frequencies, which can be clearly seen in Figure 8(a). Compared with
simulated gains at 2.7 GHz, the measured peak gains at four states have a drop about 0.6 dBi–0.7 dBi.
The main reason for the decrease in gain is the air gap between metallic sheets in assembly. Besides,
the deviation of the measured beam angle is 1◦ in each state, which is caused by the position error
of antenna in the anechoic chamber. As a whole, the discrepancies between simulated and measured
results are acceptable.

Table 3. Comparison of Measured Performance in the Literature.

Ref. Fre. [GHz] Ant. Type Beam Direction Max Gain [dBi] Max BW [%]
[10] 3.4 AE −17◦, −3◦, 0◦, 14◦ 7.3 5.6
[11] 5.8 AE 1◦, 26◦, 27◦ 7.5 2.2
[12] 0.8 AE 0◦, ±20◦ 5.0 58.2
[13] 12.2 AA −60◦ 6̃0◦ 22.1 -
[14] 3.5 AA −52◦ 5̃2◦ 17.8 1.5
[15] 5.5 EC 0◦, ±22◦ 10.5 4.5
[16] 5.1 EC 0◦, ±6◦, ±20◦ < 9.0 3.9
[17] 2.4 ME 54◦, 66◦, 90◦ 4.3 6.3
[18] 1.3 ME 0◦, ±26◦ 6.2 52.3
This 2.7 ME ±21◦, 0◦, 34◦ 9.3 77.8

Note: AE refers to single element antenna, AA refers to array antenna, EC refers to single element antenna using

artificial electromagnetic surface. ME refers to magneto-electric dipole antenna.
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A comparison of the performance of the proposed antenna with some representative beam
reconfigurable designs in the literature is presented in Table 3. The proposed prototypes can point to four
different directions by switching four different states, to prove its feasibility in beam reconfigurability of
ME dipole antenna. It is obvious that the proposed design method in this work can effectively improve
the bandwidth and gain, and reduce the profile.

5. CONCLUSION

As a good candidate for modern wireless communications, beam reconfigurable antenna has attracted
growing attention. In this paper, a novel linearly polarized metal-only beam reconfigurable ME dipole
patch antenna is presented. A symmetrical side-slotted design is utilized on ground to reduce the profile
of a magnetic dipole antenna to 0.144λo, and an E-shaped strip as a feeding structure has been proved
to be very effective to obtain a wide impedance bandwidth. By selecting the states of switches loaded
on the electric dipole, the beam-reconfigurable capability with four different configurations is achieved,
where the measured radiation beams point to −21◦, 0◦, 21◦, and 34◦ in E-plane, and the corresponding
gains are 8.4 dBi, 9.3 dBi, 8.1 dBi, and 8.7 dBi at 2.7 GHz. Besides, the maximum impedance bandwidth
is up to 77.8%. The simulation and experiment demonstration of the concept is promising for beam
reconfigurable ME dipole antenna, and further work should address techniques for the integration of
real active device on the proposed antenna prototype.
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