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Pattern reconfigurable planar antenna array based on two
circular defected ground structure

Abstract. A pattern-reconfigurable dual-element microstrip antenna array based on reconfigurable two circular defected ground structures was
proposed. Five switches are embedded in the two circular defected ground structures to tune the beam orientation. The proposed design able to
work at two modes by selecting various combinations of the switch states. The proposed array was fabricated on a Roger board and prepared to
shift the beam orientations at the working frequency of 7 GHz. Finally, one prototype of the antenna array was fabricated and tested. The simulated
results illustrate that beam steered 52° while the measured beam steered 37°.

Streszczenie. Zaproponowano konfigurowalny dwuelementowy zestaw anten mikropaskowych oparty na rekonfigurowalnych dwdéch kotowych
strukturach naziemnych. Pie¢ przetgcznikéw jest osadzonych w dwdch okragtych strukturach naziemnych z defektem, aby dostroi¢ orientacje wigzki.
Proponowany projekt moze pracowac w dwéch trybach, wybierajgc rézne kombinacje stanéw przetgcznika. Proponowany uktad zostat wykonany na
ptycie Roger i przygotowany do zmiany orientacji wigzki przy czestotliwo$ci roboczej 7 GHz. Wyprodukowano i przetestowano jeden prototyp uktadu
antenowego. Symulowane wyniki pokazujg, ze wigzka kierowana byta na 52 °, podczas gdy zmierzona wigzka na 37 °. (Planarny ukfad antenowy

z mozliwoscia rekonfiguracji oparty na dwéch kotowych strukturach naziemnych z defektami)
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Introduction

In recent years, pattern reconfigurable antennas (PRA)
have gained increased attention because of their capability
to control the orientation of radiation patterns [1], [2]. The
conventional method for beam steering is a phased-
antenna array (AA), where the orientations of the radiation
pattern changed by modifying the phase of antennas in the
AA. However, it suffers from high cost and large physical
size, which limits its applications in communication systems
[3]. Thus, PRA saves cost and installation space. Besides, it
solves the probability of interference which increased owing
to the massive number of customers in restricted operating
bandwidth [4].

In the literature, PRA had investigated with different
techniques. In [4], were designed the patch-loaded
monopole element fed through a coplanar waveguide line.
PIN switch diodes are incorporated on the slit of the
coplanar waveguide to achieve reconfiguration. In [5], the
antenna includes four similar arc dipoles and the PIN
switches diodes, which incorporated in the reconfigurable
antenna feeding network. In [6], used a dielectric resonator
antenna ringed by six electromagnetic bandgap (EBG)
sections. One PIN diode is used to control each EBG. In [7],
used dual AA with stub-loaded structure. A varactor is
inserted between the stub and the edge of the element. In
[8], used microstrip AA with the aperture coupling
technique. PIN diodes integrated at the L-stub for varying
the length of the antenna feed line. In [9], a windmill-shaped
loop element is proposed as the AA element. The antenna
element has a four-port, and it capable of guidance its
beam in four various orientations by the exciting single port
at once. In [10], used two exponentially tapered slots as the
AA element. Each element is integrated with two PIN
diodes to control beam orientations. In [11], [12] proposed a
feeding delay line technique by using a reconfigurable dual
delay line. In [13]-[15], proposed using reconfigurable
synthesized microstrip line technique. In [16]-[19] designed
a radiating antenna surrounded by reconfigurable parasitic
elements. In [20], proposed an AA that consisted of dual
opposite slotted-microstrip elements linked via a slit line and
the reconfiguration achieved by regulating the reverse
voltages of two varactors integrated on the slit line. In [21],
designed the AA of two similar elements. Each element

consists of a couple of layers, the planar inverted-F antenna
layer and the monopole layer. The Pattern Reconfigurable,
performed by changing the diodes on every shee. In [22]
used dual folded coupled dipoles fed by dual baluns to
achieve a front-to-back pattern. Dual PIN diodes are
integrated into the baluns to convert the beam orientation to
the front (+x orientation) or the back (—x orientation). In [23],
[24] used orthogonal I-shaped defected ground structure.
Moreover, few metamaterial techniques have been
introduced recently using filtering features to obtain high
antenna gain at a considerable frequency, such as split ring
resonator (SRR) [25]-[27], frequency selective surface
(FSS) [28]-[30] and electromagnetic bandgap (EBG) [31]-
[33].

This letter displayed a pattern reconfigurable microstrip AA
that capable of assisting the C-band application. The
suggested patch antenna array (PAA) includes a dual inset
rectangular microstrip element part and a coupled feed
network at the front view, while at the back view are
positioned two circular defected ground structures
(2CDGS). Five switches are placed in a suitable position in
the 2CDGS. The switches and the 2CDGS are utilized to
observe the current distributions (CDs) during the ground
plane hence generating pattern reconfiguration. By varying
the status of the switches, the PAA can generate two
modes. The beam can be shifted into two different angles in
the yz-plane from 343° to 35° by controlling the switch's
status.

In this research, the achievements of the AA were
examined, and the simulated values were proved by the
measurement of the manufactured PAA.

Reconfigurable PAA design:

The front view of the PAA that fabricated on a Rogers
RT/Duroid 5880 substrate board with (er = 2.2, tan 6=0.009)
as given in Fig. 1 (a). The dimensions of the substrate
board are (81 x 69.55) mm?, and its thickness is 1.575 mm.
The total dimensions of the inset rectangular microstrip
patch were (18.3 x 13.22) mm?, and each is separated by a
spacing of 17.59 mm. The subminiature A connector
(SMA)-port excitation is utilized in simulation. Computer
Simulation Technique (CST) software is employed to
simulate the PAA.
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Fig. 1(b) displays the PAA back view, where two circular
slots (C1 and C2) with biasing inserted on the ground plane.
The radius of the C1 and C2 is 11 mm and 28 mm,
respectively. The C1 and C2 have a width of 1 mm. The
circumference of the C1 and the C2 circle are 69.12 mm
and 175.93 mm, respectively. The circumference for C1 and
C2 are approximate 17.6 Ag, and 41 Ao, respectively, of free
space, of 7GHz.

a)
81

69.55

5.89
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b)
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Fig. 1 (a) Top view of the PAA (b) 2DGS with biasing and five PIN
diodes (array back view).

a)

b) c)
Fig. 2 Photographs of the manufactured PAA (a) Top view (b) Back
view Case | (c) Back view Case II.

Table 1. Switch configuration

To achieve reconfigurability, five switches connected on
the 2CDGS. The copper tape is used to represent the
switch. While, in the simulation, the switch is symbolized by
the copper bridge.

Fig.2 illustrates the manufactured PAA, and Table 1
shows the switch configuration of the PAA.

In this research, the copper tape is used as the ideal
switch for reconfigurability based on the proof of approach
[34], [35]. The absence of the copper tape represents that
the switch in the OFF state. The presence of the tape
symbolizes that switch in the ON state.

Empirical results:

Fig. 3 (a) presents the simulated surface CDs (J[A/m]) at
the working frequency of 7 GHz for Case I. It was seen that
most of the CDs around the switches on the C2 in ON state
(S1, S2, S3). In spite of the switches on the C1 in OFF state
but it observed higher CDs on the upper right and left side
of the C1.

Fig. 3 (b) presents CDs in Case Il. the CDs are higher
around the C1 due to the switches S4 and S5 are in ON
state. While the CDs around switches S1 and S2 lower, but
due to the S1 and S2 are in ON state, the CDs are higher
around the lower left side of the C2.

Fig. 3 Simulated surface CDs on the ground portion. (a) Case | (b)
Case Il

Fig.4 (a) and (b) illustrate the far-field radiation patterns
in (yz- plane) at 7 GHz, cases | and Il, respectively. In Case
I, the radiation pattern orientation is steered to © = 343° at
7.84 dBi versus side lobe gain of -4.1 dB. In Case I, a
considerable variation in the beam orientation is observed
at © = 35°, with a decrease in the gain to 7.14 dBi and the
sidelobe gain of —3.1 dB, as illustrated in Table 2. Fig.5
depicts the comparison of the simulated radiation patterns
between cases | and Il at 7 GHz, in E-plane and H-plane.

Table 2. Beam orientation ability for Case | and Case I

Case frequency | Beam Switches on Switches
angle C2 on C1
S1 [ S2 | S3 | sS4 | S5
Case | 7 343° 1 1 1 0 0
Case ll 7 35° 1 1 1 1
1=0N, 0 =OFF

Array Gain (dBi) Main Lobe Side Lobe
Type Orientation (dB)
Case | 7.84 343° -4.1
Case Il 7.14 35° -3.1
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Fig. 4 Simulated 3-D radiation pattern at 7GHz (a) Case | (b) Case
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Fig. 5 Radiation patterns comparison between Case | and Il on E-
plane and H-plane at 7 GHz.

Fig. 6 (a) compares the measured and the simulated
reflection losses of the PAA for Case I. The -10 dB
reflection loss defines the simulated bandwidth (BW) is 190
MHz (6.45-6.64) GHz and 560 MHz (6.91-7.47) GHz, and
the measured BW is 950 MHz (6.66-7.61) GHz. Fig. 6 (b)
compares the measured and the simulated reflection losses
of the PAA for Case Il. The -10 dB reflection loss defines
the simulated BW is 1050 MHz (6.46-7.51) GHz, and the
measured BW is 1080 MHz (6.54-7.62) GHz. The
inaccuracies in manufacturing have reasoned the variations
between the results measured and those simulated;
however, in general, they are in good acceptance.

Fig. 6 shows that the reflection loss operating frequency 7
GHz is below 10 dB in Case | and Il

The measurement and the far-field simulation patterns
in both E-plane and H-plane at Case | and Case Il were
normalized and illustrated in Fig. 7 and 8, respectively. The
simulated beam steered 52° from 343° to 35° while the
measured beam steered 37° from 353° to 30°. The results
indicate acceptable agreement in both.
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Fig. 6 Reflection losses comparison simulated and measured (a)
Case | (b) Case Il
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Fig. 7 Measured and simulated radiation patterns for E-plane and
H-plane, Case-1 at 7 GHz.
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Fig. 8 Measured and predicted Far field patterns for E-plane and H-
plane, Case-ll at 7 GHz.

Conclusion:

In this paper, the beam-shifting technique utilizing a planar
AA with a 2CDGS was simulated, fabricated, and
investigated. The measurement outcomes confirmed that
the PAA could shift the beam across 353° and 30° in E-
plane. The proposed antenna can be further used for
Ultrawideband application in the future [36].
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