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A horizontal azimuth pattern-reconfigurable antenna with configurable parasitic element arrays for WLAN applications is
proposed in this paper. It consists of a control board, a central series-fed omnidirectional microstrip array, four configurable
parasitic elements, a bottom conducting plate, and a top supporting plate. The omnidirectional microstrip array is adopted as an
exciter, around which the four same parasitic element arrays are arranged at four corners. The p-i-n diodes as switches are
placed between the parasitic element arrays and the conducting plate to control the fifteen radiation patterns of the proposed
antenna. The parasitic element arrays are configured as reflectors or directors by switching the p-i-n diodes on or off. The
bandwidth achieved ranges from 5.00 GHz to 5.27 GHz. A gain of 8.52 dBi is obtained when the antenna reaches the maximum
gain in the H-plane at 5.2 GHz. Good agreements between the simulated and measured results were observed. The proposed
parasitic structure which has the same structure with the driven element can enhance the horizontal azimuth gain of the
antenna. Only 4 p-i-n diodes are used to produce up to 15 useful beam configurations with a gain range of 4.56-8.52 dBi at the

horizontal azimuth.

1. Introduction

With the development of the wireless communication,
multifunctional and reconfigurable antennas are widely used
[1-3] and become more desired. The pattern reconfiguration
of the antennas is of significance in the telecommunication.
Thus, smart pattern-reconfigurable antennas are expected
strongly [4-8].

Antennas used in the wireless communication usually
have omnidirectional radiation patterns, so as to cover all hor-
izontal azimuth. Consequently, the horizontal azimuth pat-
terns in WLAN and wireless communication applications
have attracted more attention. However, customers are not
uniformly distributed, and the numbers of terminals always
change in different directions at the antenna horizontal azi-
muth. The constant omnidirectional pattern at all working
time leads to a waste of radiation power. Many reconfigurable
antenna solutions have been studied [9-20]. Literature [9]
proposed the H-shaped resonator structure controlled by the

p-i-n diodes to reconfigure the pattern of the driven element.
It is able to switch between the broadside pattern and the
end-fire pattern. Nevertheless, the limited three states and
unstable feed board connected with the antenna board con-
strict its application. In [10], a circle planar reconfigurable
antenna with various patterns is developed, achieving two
operating frequencies and 6 beam directions, totally 12 operat-
ing modes is ready. Literature [11] puts forward a reconfigur-
able antenna array for some handheld terminals and MIMO
applications, achieving a high gain. The antenna design in
[12-15] has the horizontal azimuth-pattern-reconfigurable
ability but limited states for the complex applications. Litera-
ture [16-19] develop a planar structure antenna with 9 states,
not strictly in a horizontal azimuth pattern reconfigurable
mode. Most of the beams steer in the vertical direction of the
antenna plane. In [20], the antenna with a planar structure
has eight stable beams covering all the directions at an azimuth
plane of 6 =36°. These antennas are more suitable for top
ceiling antenna applications.
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FIGURE 1: The details of the proposed antenna structure. (a) The structure of the proposed antenna. (b) The partial view of parasitic element
arrays bias circuit with p-i-n diodes. (c) The partial view of the exciter probe circuit. (d) The top view of exciter. (e) The bottom view of exciter.
(f) The bottom view of the proposed antenna. (g) The top view of the proposed antenna. (h) The side view of the proposed antenna. The
dimension of the antenna is as follows: LA =108 mm, L1 =20mm, L2 =14mm, W1 =15mm, W2=1.1mm, Gl =0.4mm, G2 =3mm,

WS1 =70mm, WS2 =50 mm, D1 = 20 mm, and D2 = 20 mm.

This paper presents a horizontal azimuth pattern-
reconfigurable omnidirectional microstrip array antenna
with parasitic element arrays. An omnidirectional microstrip
array antenna [21, 22] is adopted as an exciter, around which
the four uniform parasitic element arrays are arranged at four
corners. The same structure of the parasitic element arrays
and the driver antenna keeps the maximum gain at the
horizontal azimuth. The p-i-n diodes as switches are placed
between parasitic element and conducting plate to control
the fifteen radiation patterns. The parasitic element arrays
can be configured as reflectors or directors through switching
of the p-i-n diodes. The proposed reconfigurable antenna
with diverse patterns is able to satisty different WLAN appli-
cations. The following sections will present a prototype
antenna fabricated, and the description of measured results
and all of the pattern states will be given.

2. Antenna Structure and Design

An antenna that truly enables horizontal azimuth pattern
reconfiguration is committed to be provided. The antenna
is designed 4 reconfigurable parasitic elements and a driven
element. The reconfigurable parasitic elements, which can
be configured as directors and reflectors, are controlled
by the p-i-n switches. The proposed antenna, shown in

Figure 1(a), consists of a control board, series-fed omnidirec-
tional microstrip array antenna at the center of the proposed
antenna, four configurable parasitic element arrays, a bottom
conducting plate, and a supporting top plate.

2.1. The Driven Antenna Design. The series-fed omnidirec-
tional microstrip array antenna acts as an exciter [22], with
detailed dimension shown in Figure 1(c), (d), and (e). The
microstrip antenna array has six radiation elements in series,
among which are on one face of the substrate connected to
the inner conductor of feeding SMA connector; the rest are
on the other face of the substrate connected to the exterior
conductor of the feeding SMA connector. The lengths of each
microstrip-fed line and the radiation element are, respec-
tively, approximately a half wavelength at the central operat-
ing frequency. This keeps the current on each wide radiation
elements almost in phase, thereby combining in the horizon-
tal azimuth direction and producing an omnidirectional
pattern [22]. The current and the electric field distribution
of the central driven element is demonstrated in Figures 2(a)
and 2(b). The simulated pattern of the driven element at
5.2 GHz is shown in Figure 2(c).

2.2. The Parasitic Element Design and Configuration. The
parasitic element arrays surrounding the exciter have the
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FIGURE 2: (a) The current distribution of the driven element of the proposed antenna structure. (b) The electric field distribution of the driven

element of the proposed antenna structure. (c) The simulated pattern of the driven element at 5.2 GHz.

same structure and dimensions as the exciter. The inside
faces of the parasitic arrays are towards the exciter, and the
outside faces are backwards the exciter. Three radiation ele-
ments are on the inside face, among which the one close to
the conducting plate is connected to the conducting plate.
The rest radiation elements are on the outside face, among
which the element close to the conducting plate is connected
to the anode of a p-i-n diode. In this way, the cathode of the
p-i-n diode is connected to the radiation element on inside
face and then to the conducting plate. The square conducting
plate and top supporting plate of the antenna are fabricated
with RO4003C substrate. Both the plates have slots to hold
and fix the exciter and the parasitic element arrays on them,

as shown in Figure 1(g). The Infineon p-i-n diode of
BAR50-02V is embedded in the proposed antenna. An
SC-79-2 package of the p-i-n diode is selected to fit the gap
between two conductors at the bias circuit of the parasitic ele-
ment arrays. In practice, the driven current is set at 100 mA,
so that the p-i-n diode achieves the minimum insertion loss.
In addition, Murata inductors of LQGI15HN2N7C02D
(2.7nH) are mounted at the bias circuit in the path of the
p-i-n diodes as RF chokes. The isolation of the p-i-n diode
is 12.5dB, and the insertion loss is 0.17dB at 5GHz. To
achieve a good isolation, two p-i-n diodes are mounted in
parallel at the gap between the two conductors. The partial
view of parasitic element arrays bias circuit is presented in
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F1GURE 3: (a) Patterns of different distance state V with different distance of D1 measured at 5.2 GHz. (b) Gain and HPBW of state V with

different distance of D1 measured at 5.2 GHz.

Figure 1(b). The radiation patterns of the proposed antenna
at the state V with different distance D1 are measured, with
the results shown in Figure 3. This step helps to investigate
the effect of the distance D1 between parasitic element arrays
at the corner and the exciter. The rise of DI leads to an
increase in the gain but decrease in the HPBW. For a higher
gain, the distance D1 is optimized to 20 mm, which is 0.35 A,,
wavelength. It is wider than the size of Yagi antenna’s para-
sitic elements with driven element.

2.3. The States of p-i-n Diodes Configurations. The states of
p-i-n diodes determine the property of the parasitic ele-
ment arrays. The p-i-n diodes are turned on when their
DC bias on a parasitic element array are high. In this case,
the parasitic element arrays act as reflectors, and the main
beam of the proposed antenna is switched to the direction
from the parasitic element array to the exciter on a hori-
zontal plane. When the p-i-n diodes on a parasitic element
array are turned off, the radiation elements on the outside
face are disconnected to the conducting plate. Then, the
parasitic element arrays act as directors, and the main
beam of the exciter is enhanced in the directions from
the exciter to the parasitic element arrays. The proposed
antenna includes four groups of p-i-n diodes in four cor-
ners, each of which has two states. Thus, the proposed
total of 16 pattern configurations are obtained.

The 16 pattern configurations can be categorized into
6 states as follows. At state I and II, all of the p-i-n diodes
are turned on and off, respectively. At state III, one group
of the p-i-n diodes is turned on and the others are turned
off, contrary to state IV. At state V, two groups of

TasLE 1: Different configuration states of the proposed antenna.

State p-i-nl p-i-n2  p-i-n3 p-i-n4  Gain (dBi) HPBW (")
*OA 391
I On On On On -1.64 88.200
1I off oft Off off 5.09 243.50
On oft oft oft 6.01 299.90
10 off On Ooff off 5.99 275.70
Ooff oft On off 5.71 277.90
Ooff oft Off On 593 283.70
oft On On On 5.96 108.70
v On oft On On 5.53 111.80
On On Off On 5.56 115.70
On On On off 5.94 106.90
On On Off off 8.52 57.00
v Ooff On On oft 7.62 80.10
oft oft On On 8.10 70.00
On oft Off On 7.35 81.20
VI Off On Off On 5.43 81.30
On off On off 4.56 79.30

* OA: the original antenna without parasitic elements.

adjacent p-i-n diodes are turned on. At state VI, two
groups of p-i-n diodes at opposite position are turned
on. There are four radiation patterns, respectively, from
state III to state V, but 2 patterns at state VI. The 16 pat-
tern configurations with the 04 states of the p-i-n diodes
are listed in Table 1. The state *OA is the single driven
element without parasitic elements.
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FiGUure 4: The photograph of the fabrication of the proposed
antenna.
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FiGure 5: Reflection coeflicients of omnidirectional microstrip
antenna with the different states of the p-i-n diodes and the
original omnidirectional microstrip antenna.

3. Simulation and Measurement Results

A prototype of the proposed antenna is fabricated and assem-
bled, as shown in Figure 4. The exciter and the parasitic ele-
ment arrays are fabricated by two-layer PCBs using a
substrate of Rogers RO4003C with 3.55 of dielectric constant,
0.0027 of loss tangential, and 0.508 mm of thickness. The top
supporting plate is also fabricated by the Rogers RO4003C
substrate with the same thickness but nonmetalized for
reducing the impact on the antenna array. The bottom con-
ducting plate and the control plate are fabricated by thick
FR4 substrates with thickness of 1 mm to obtain mechani-
cal stability. The distance between the two plates is
20mm. The bottom FR4 conducting substrate is metalized
to eliminate impacts of noise and radiation on power supply
and control circuits.

The reflection coeflicients of the proposed antenna
with different states and the original antenna are measured
by the vector network analyzer Keysight E5071C, with
results shown in Figure 5. It can be seen from the

—-15 4270

dB

—A— State [
—a— State Il

—e— Original antenna

FiGURE 6: The H-plane pattern of state I (blue trace), state II (black
trace), and the original antenna (red trace) at 5.2 GHz.

comparison that the reflection coefficients with and with-
out the parasitic elements are significantly different due
to the strong mutual coupling between the driven antenna
and the parasitic elements. Due to the mutual coupling
effect, the operating frequency is reduced from 5.3 GHz
to 5.1 GHz, which is also our target operating frequency
band. Except for state I and II, the central operating fre-
quency band of the proposed antenna is 4.94 GHz-5.27 GHz,
with a 6.46% bandwidth under -10 dB of the reflection coef-
ficient. The p-i-n diodes of the state I and II are all on or all
off. The two states are special omnidirectional patterns, hav-
ing different radiation resistor for the driven element. All the
reflection coefficients of directional patterns for the proposed
antenna with parasitic element arrays of 4 p-i-n diode states
are compared. It is demonstrated that the parasitic element
arrays loading the four states of p-i-n diodes have negligible
impacts on reflection coefficients, which is important for a
practical reconfigurable antenna array. On the other hand,
these arrays impose a negligible effect on the input port of
the proposed antenna, which is a key factor to develop this
type of reconfigurable antenna.

The 16 far-field radiation patterns, as well as the radi-
ation pattern of the original omnidirectional microstrip
array antenna without parasitic element arrays, are mea-
sured. The H-plane radiation patterns of the proposed
antenna at states I and II, as well as the original antenna
without parasitic element arrays, are shown in Figure 6.
The measured results indicate that directors enhance the
gain in the direction from the exciter to directors. In state
II, because all of the four parasitic element arrays worked
as directors, 4 main lobes with directions towards the
diagonal gaps of adjacent parasitic element arrays are
obtained. When the proposed antenna works at state I,
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FiGure 7: The simulated and measured normalized H plane patterns of states III (a), IV (b), V (c), and VI (d) of the proposed antenna at

5.2 GHz, and the p-i-n modes indicated on the figure.

the parasitic element arrays act as reflectors, then the radia-
tion of the exciter gets rejected in four corner directions.
Thus, state I can be regarded as an illegal state of the proposed
antenna on the horizontal plane. The normalized radiation
pattern of other directional pattern states in simulation and
measurement is shown in Figure 7. Each pattern of the direc-
tional states with four beams is illustrated in Figure 8, respec-
tively. The proposed antenna at state III has a gain of 5.99 dBi
and a wide HPBW, as shown in Figure 8(a). The radiation
pattern at state IIL is applicable to the situations where the sig-
nal at a certain direction of the radiation pattern needs to be
canceled. As shown in Figure 8(b), the proposed antenna at
state IV has a gain of 5.94 dBi lower than that at state III but
also a narrower HPBW and a higher quality pattern. The

radiation pattern at state V, as shown in Figure 8(c), covers
a wide horizontal azimuth angle but not omnidirectional
and has a high directional gain of 8.52dBi. This pattern is
suitable for the situations where users of Wi-Fi are in a
crowded area at a very narrow horizontal azimuth angel. This
is because improving the gain of the antenna in the certain
direction contributes to a higher communication quality.
The radiation pattern of state VI is specifical, as shown in
Figure 8(d). It is applicable when the customers are at
the two sides opposite of the antenna. At last, the 15 use-
ful beams have obtained with 5 p-i-n configurable state.
The detailed measurement gains and HPBW of each beams
are listed in Table 1. The simulated radiation efficiency of the
proposed antenna is over 78%.
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FIGURE 8: Measured patterns of the four states at 5.2 GHz, (a) state III, a reflector and three directors, (b) state IV, three reflectors and a
director, and (c) state V, two reflectors and two directors, which are adjacent (d) state VI, two reflectors and two directors, which are
not adjacent.

Compared with the reference paper, shown in Table 2, 4. Conclusion
the proposed antenna has both a large structure and diversi-
fied patterns in horizontal azimuth direction at the single =~ This paper proposes a horizontal azimuth pattern-
operating band. It can be embedded into the home media  reconfigurable antenna using omnidirectional microstrip
center of the proposed antenna, thereby adapting the  array loaded with configurable parasitic elements. Driven
customer’s distribution to more complex applications. by four p-i-n diodes, the proposed antenna can produce 15
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TaBLE 2: Comparison of proposed and reference antennas.

Paper Center freq. (GHz) Gain (dBi) State amount Beams Total size (A,)

8 2.47-2.9 6.4 3 3 Planar: 0.716*0.537

9 2.28-2.58 & 2.62-2.73 43 & 3.6 2 12 Planar: radius = 0.405

10 5 9.7-11 3 3 3D:2.4170.1570.01

11 5.35-6.45 4.67-6.09 2 Planar: 1.38%1.38

16 2.38 7 3 Planar: 0.952%0.952

19 2.35-2.61 4.5 1 Planar:

This work 52 5.09-8.52 5 15 3D:1.93*1.21*1.21

radiation patterns, thus satisfying diverse requirements of
WLAN application. The measured results of the prototype
are well in line with the simulated ones. The simple structure
facilitates its implementation in certain low-cost devices not
only WLAN but also many other wireless communications.

Data Availability

The simulation and measurement data used to support the
findings of this study are included within the paper. The
structures are simulated and analyzed by CST microwave
studio.
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