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In this paper, a compact frequency reconfigurable circular patch antenna with an arc-shaped slot loaded in the ground layer is
proposed for multiband wireless communication applications. By controlling the ON/OFF states of the five PIN diodes mounted
on the arc-shaped slot, the effective length of the arc-shaped slot and the effective length of antennas current are changed, and
accordingly six-frequency band reconfiguration can be achieved. The simulated and measured results show that the antenna can
operate from 1.82GHz to 2.46GHz, which is located in DCS1800 (1.71–1.88GHz), UMTS (2.11–2.20GHz), WiBro (2.3–2.4GHz),
and Bluetooth (2.4–2.48GHz) frequency bands and so forth. Compared to the common rectangular slot circular patch antenna,
the proposed arc-shaped slot circular patch antenna not only has a better rotational symmetry with the circular patch and substrate
but also has more compact size. For the given operating frequency at 1.82GHz, over 55% area reduction is achieved in this design
with respect to the common design with rectangular slot. Since the promising frequency reconfiguration, this antenna may have
potential applications in modern multiband and multifunctional mobile communication systems.

1. Introduction

Antenna as a key and critical component plays an important
role in wireless telecommunication systems. With the rapid
development of the multiband and multifunction wireless
communication platforms in recent years, reconfigurable
antennas capable of changing its operating frequency, band-
width, far-field radiation pattern, or polarization properties
are increasingly needed to satisfy diverse communication
requirements. Generally, reconfigurable antennas can be clas-
sified according to the antenna parameter that is dynamically
adjusted, typically the frequency of operation, radiation
pattern, or polarization. Compared to traditional antennas,
frequency reconfigurable antennas offer many advantages
such as compact size, similar radiation pattern, and proper
gain for all desired frequency bands. Besides, reconfig-
urable antenna as a multifunctional antenna can reduce the
number of components, sizes, and hardware complexities

of the wireless system. The mechanism of the frequency
reconfigurable antenna is changing the current distribution
by mechanical or electrical ways. Electrically reconfigurable
antennas can be realized by employing switches such as
MEMS switches, PIN diodes, or varactors [1], which have
been extensively studied for their promising potential appli-
cations inmany fields. For example, frequency reconfigurable
antennas are designed using RF MEMS switches in [2, 3].
In these works, the operating frequency band is changed
by activating or deactivating the RF MEMS actuators. In
[4], a varactor-tuned frequency reconfigurable antenna based
on a dual frequency microstrip antenna is presented, and a
high tuning frequency range is achieved from 1.037GHz to
1.485GHz when the bias voltage is varied from 0 to −30V.
And in [5], a continuously tunable frequency reconfigurable
antenna based on a circular monopolar patch antenna using
varactor is presented. Because of the advantages of low
biasing voltage, high tuning speed (1–100 ns), high power
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Figure 1: Scheme and photograph of the proposed reconfigurable antenna.

handling capability, high reliability, and extremely low cost,
PIN diodes based frequency reconfigurable antenna has
attracted tremendous research interest [6–12]. Recently, lots
of frequency reconfigurable antennas based onUWBantenna
[3], circular monopolar patch antenna [5], slot antennas
[7–11], bow-tie antenna [12], and PIFA [13] were proposed
for multiband wireless communication applications like
low frequency LTE band (699–862MHz), high frequency
LTE band (2496–2690MHz), Bluetooth (2400–2480MHz),
WLAN (5.15–5.825GHz), WiMAX (2500–2690MHz), and
so forth. Moreover, some frequency reconfigurable antennas
are designed for LTE orWWANmobile handset applications
[14, 15].

In this paper, a compact frequency reconfigurable back-
fed circular patch antenna is proposed, designed, simulated,
and tested. This work is inspired by the antenna design in
our previous work [16] but goes further by demonstrating
a new and compact geometry with circular ground plane,
more switching bands, and better reconfigurable properties.
RF PIN diodes are employed andmounted on the arc-shaped
slot of the antenna’s ground plane to achieve six different
frequency bands with good frequency reconfiguration per-
formance switching from 1.8GHz to 2.46GHz, which is
located in DCS1800 (1.71–1.88GHz), UMTS (2.11–2.20GHz),

WiBro (2.3–2.4GHz), and Bluetooth (2.4–2.48GHz) fre-
quency bands and so forth. Compared to the common
rectangular slot circular patch antenna, the proposed arc-
shaped slot circular patch antenna not only has a better
rotational symmetry with the circular patch and substrate
but also has more compact sizes and simplifier structure. For
the given operating frequency, over 55% area reduction is
achieved in this design with respect to the common one.

2. Design and Configuration

The configuration scheme and the photograph of the pro-
posed antenna are shown in Figure 1. The antenna is fab-
ricated on the FR4 substrate with the permittivity of 4.4
and the thickness (ℎ) of 1.4mm by using mechanical process
(LPKF ProtoMat S103 circuit board plotter). The radius of
the antenna 𝑅1 is 40mm. The top view of the antenna is a
circular patch with radius𝑅2 of 15mm fed by a coaxial probe.
The back feeding port is located in the symmetry axis and
7mmaway from the center of the circular patch. Based on the
circular shape of the substrate and the radiation patch, the slot
in the ground is designed into an arc-shaped slot to reduce
the size and realize better rotational symmetry of the ground
plane. The total length of the arc-shaped slot is about 30mm,
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Figure 2: Equivalent circuit models of PIN diodes under (a) ON
state with 1 V forward biasing and (b) OFF state with 0V reverse
biasing.

and the width of the slot is 2mm. Five PIN diodes as switches
are symmetrically located in the slot by 20∘, 32∘, 90∘, 148∘,
and 160∘, respectively. Meanwhile, as shown in the bottom
view of the proposed antenna, the ground plane is divided
into six isolated parts by small slots with a width of 0.3mm to
provide independent DC biasing for PIN diodes. And three
capacitors with the capacitance of 47 pF are mounted on each
slot to provide RF and microwave continuity for the whole
antenna ground plane. BAR-64-02 PIN diodes are mounted
on the arc-shaped slot in ground plane to achieve frequency
reconfiguration [17].

3. Equivalent Circuit Models of PIN Diodes

PIN diodes are the most commonly used switching compo-
nents for RF and microwave applications. And in this work,
PIN diodes are also chosen as the switching components
to achieve the frequency reconfiguration in the antenna
design. In order to accurately simulate and predict the
antennas properties, the simplified PIN diodes equivalent
circuit models are obtained from the datasheet of BAR-64-
02. The equivalent circuit models of PIN diodes for ON/OFF
states are shown in Figure 2, which consists of a series
parasitic inductance (𝐿) and an intrinsic resistance (𝑅ON)
when the PIN diode is ON, while a series 𝐿 and an intrinsic
capacitance (𝐶) in parallel with a resistance (𝑅OFF) when the
PIN is OFF. Under ON state (1 V forward biasing), the values
of inductance (𝐿) and intrinsic resistance (𝑅ON) are 0.45 nH
and 1.5Ω, respectively. And under OFF state (0V reverse
biasing), the value of capacitance (𝐶) and resistance (𝑅OFF)
are 0.25 pF and 2.5 kΩ, respectively. Based on these equivalent
circuit models, commercial software ANSYSHigh Frequency
Structure Simulator (HFSS) based on finite element method
is applied to further design, simulate, and optimize the
antenna’s dimensions and performance.

4. Results and Discussion

The proposed frequency reconfigurable antenna is based
on back-fed circular patch antenna with an arc-shaped slot

(length of 30mm and width of 2mm) in the ground plane.
The top circular patch and the arc-shaped slot on the ground
plane of this arc-shaped slot patch antenna are excited by the
coaxial back feed to achieve antenna radiation. As shown in
Figure 3, the radii 𝑅1 and 𝑅2 of this arc-shaped slot circular
patch antenna are 40mm for the operating frequency of
1.9 GHz without any lumped elements or biasing network.
While, if a common rectangular slot with the same length of
30mm and width of 2mm in the ground plane is employed,
longer radius 𝑅1 of 60mm is needed for the antenna to
achieve the same operating frequency at 1.9 GHz. The radius
𝑅2 is fixed as 15mm in both cases. In other words, the
proposed antenna has the advantage of compact size and
about 55.6% area reduction is achieved compared to the
common rectangular slot antenna. Moreover, the operating
frequency of this arc-shaped slot circular patch antenna can
be directly adjusted by tuning the radius 𝑅2. As shown in
Figure 4, the resonant frequency decreases from 2.19GHz
to 1.72GHz as 𝑅2 increases from 13mm to 17mm while
keeping other dimension fixed. This implies that, for a given
operating frequency, further antenna size reduction can be
easily realized by reducing 𝑅1 while properly increasing 𝑅2.
Besides, using higher permittivity material substrate will also
contribute to the antenna miniaturization.

The proposed frequency reconfigurable antenna is real-
ized by integrating PIN diodes to the arc-shaped slot circular
patch antenna and introducing proper biasing for each diode
using external DC supply. Table 1 shows the configuration of
the PIN switches and the simulated and measured antenna
properties of each switching band, where 1 represents ON
state and 0 represents OFF state in the table. Clearly, by
electrically controlling the ON/OFF states of the five PIN
diodes, six reconfigurable frequency bands can be obtained.
The basic mechanism for this frequency reconfiguration is
that the effective length of the arc-shaped slot and the effective
length of antennas current are changed, accordingly resulting
in the resonant frequency tuning from F1 to F6. To visually
observe this phenomenon, the normalized magnitude and
vector current distributions on the ground plane of the
antenna at F1, F3, and F5 states are demonstrated in Figure 5.
It is found that the operating frequency changes with the
current distribution changes as expected. When the antenna
works at a lower resonant frequency, the effective length of the
arc-shaped slot and the effective length of antennas current
distribution are larger because all PIN diodes are at OFF state.
Besides, the simulated radiation efficiency and the measured
peak gain of the proposed antenna for each switching state are
also presented in Table 1. It is found that the general trends for
efficiency and gain are similar to each other. As expected from
the efficiency, the antenna gain at the switching frequency F1
has the highest value. This is because almost no RF signal
goes through all PIN diodes withOFF state when the antenna
operated at F1 state. Thus negligible ohmic losses caused by
PIN diodes are introduced. While at F3 and F5 states, RF
signal will pass through the ON state PIN diodes, which
results in larger ohmic losses and therefore lower the antenna
radiation efficiency and the realized peak gain.
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Figure 4: Resonant frequency tuning of the proposed arc-shaped slot antenna by radius 𝑅2.

As shown in Figure 6, both the simulated and the mea-
sured results show good frequency reconfiguration perfor-
mance with 𝑆11 less than −10 dB at all operating bands with
respect to the switching frequencies in Table 1. We observe
that the simulated −10 dB bandwidth results are ranging from
50MHz∼80MHz with corresponding percentage bandwidth
of 2.7%∼3.25% for F1∼F6 states, while the measured −10 dB
bandwidth results are ranging from 60MHz∼90MHz with
corresponding percentage bandwidth of 2.7%∼3.5% for F1∼
F6 states, which are close to each other for both cases.
It is found that switching frequencies F1 (1.82GHz), F2
(2.18GHz), F4 (2.38GHz), and F5 (2.44GHz) are located
in DCS1800 (1.71–1.88GHz), UMTS (2.11–2.20GHz), WiBro
(2.3–2.4GHz), and Bluetooth (2.4–2.48GHz) frequency
bands, respectively; and F3 (2.22GHz) is located in the
frequency band of 2.2–2.29GHz used for space research
andEarth exploration-satellite communications. Because this

proposed structure has considerable design freedom, differ-
ent given operating frequency bands can be easily achieved
during the design process according to the length of the arc-
shaped slot and the number of the switching components.
Generally, the experimental results indicate good agreement
with the simulation results with little resonant frequency
offset (see Figure 6).This small differencemainly results from
the accuracy of the PIN diodes equivalent model, parasitic
parameters, and manufacturing tolerances.

Furthermore, the simulated and measured radiation
patterns of the proposed antenna in 𝑥-𝑧 plane and 𝑦-𝑧
plane at the six different resonating frequencies are shown
in Figure 7. It is found that the corresponding radiation
patterns are similar to each other with bidirectional 𝑥-𝑧
plane and omnidirectional 𝑦-𝑧 plane. However, due to
the manufacturing tolerance and the additional parasitic
parameters caused by introducing five PIN diodes, eighteen
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Table 1: Switch configuration and corresponding antenna properties.

States 𝑆4 𝑆2 𝑆1 𝑆3 𝑆5 Simulated 𝑓
(GHz)

Measured 𝑓
(GHz)

Simulated
−10 dB

bandwidth
(MHz)

Measured
−10 dB

bandwidth
(MHz)

Simulated
radiation
efficiency

Measured
peak gain

(dB)

F1 0 0 0 0 0 1.82 1.84 50 60 72% 7.10
F2 1 1 0 1 1 2.18 2.18 60 74 55% 4.13
F3 0 1 0 1 0 2.23 2.22 65 70 57% 4.60
F4 0 0 1 0 0 2.35 2.38 80 96 72% 4.36
F5 0 1 1 1 0 2.41 2.44 80 80 67% 4.72
F6 1 1 1 1 1 2.46 2.46 80 90 56% 4.69

0 1

(a) (d)

(b) (e)

(c) (f)

F1 F1

F2 F2

F3 F3

Figure 5: The normalized magnitude (left) and vector (right)
current distributions on the ground plane at different switching
states, where (a) and (d) are at F1 state, (b) and (e) are at F3 state, (c)
and (f) are at F5 state, and the black arrows point to the PIN diodes
with ON state.

capacitors, and several bias wires in the ground plane, the
measured radiation patterns are worse than the simulated
ones. Besides, linear polarization results at all switching states
are also observed. Generally, these six radiation patterns at
different switching frequencies exhibited certain similarity
to each other, which schematically verified the design of
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Figure 6:The simulated andmeasured 𝑆11 of the proposed antenna.

proposed frequency reconfigurable antenna. As to excellent
performance, convenient adjusting, and simple structure, this
reconfigurable antennamay havemany potential applications
inmodernmultiband andmultifunctional mobile communi-
cation systems.

5. Conclusion

A compact frequency reconfigurable circular antenna is pro-
posed, simulated, and measured. It has been demonstrated
that the frequency reconfiguration can be achieved by chang-
ing the length of the arc-shaped slot using the RF equivalent
circuitmodel of PIN diodes. Good frequency reconfiguration
performance with 𝑆11 less than −10 dB at all operating
frequency bands is obtained. The corresponding radiation
patterns are similar to each other with bidirectional 𝑥-𝑧
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Figure 7: Simulated and measured radiation patterns in 𝑥-𝑧 planes and 𝑦-𝑧 planes, respectively, at different states.

plane and omnidirectional 𝑦-𝑧 plane under different biasing
states. As to excellent performance, convenient adjusting, and
simple structure, the proposed reconfigurable antenna may
have many potential applications in modern multiband and
multifunctional mobile communication systems.
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