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Abstract —This paper presents a frequency
reconfigurable antenna enabled using a pair of annular
ring slots on a coplanar waveguide (CPW) ground
plane. Its initial wideband operation mode from 3 GHz
to 6 GHz can be reconfigured into six additional modes:
a dual-band mode and five single-band modes, with
minimum reflection coefficients (S11) of -10 dB. For
demonstration and proof-of-concept purposes, metal
switches have been used to represent the switches in
simulations and measurements. The ON state is emulated
using shorted metal switches, whereas the OFF state is
emulated using an open. Good agreements are indicated
for simulated and measured Si; and radiation patterns.

Index Terms —Frequency reconfigurable antenna,
CPW, narrowband, wideband.

I. INTRODUCTION

In the past few decades, wireless communication
systems are becoming an essential component of daily
human life. An important component of such wireless
systems is the antenna, which is required to be multi-
or wideband. This feature enables hardware efficiency
as access to multiple operating frequency band will
be enabled using a single antenna. Besides that, the
problems of limited spectrum, regulatory and licensing
issues are currently being addressed by the use of
cognitive radios (CR). In a CR network, the intelligent
radio allows unlicensed users (secondary users) to
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access spectrum bands licensed to primary users, while
avoiding interference with them [1].

To facilitate this, the frequency reconfigurable
antenna as it is arguably the most practical option of
switching its operation to the desired frequency, instead
of utilizing a number of antennas operating in different
frequencies for signal transmission or reception. Besides
improved performance, multi-frequency operation in
a single antenna reduces space and cost. Typically,
frequency-reconfigurable antennas can be generally
enabled using three methods: mechanical actuation,
tuning of material properties and integrating electronic
components such as switches or diodes [2]. The third
method of using PIN diodes is considered the most
practical technique for switching antenna operation
between different frequencies [3], [4].

Various previous literature have employed metal
switches in proving their concept of reconfiguration.
These switches emulate practical microwave switches
with realistic amounts of losses. For instance, a
frequency reconfigurable tapered slot Vivaldi antenna
capable of switching between wideband and narrowband
modes using metal switches to control current flow was
presented in [5, 6, and 7]. The presence of a metal
switch emulates the ON state of a practical microwave
switch, whereas its absence emulates the OFF state.
Meanwhile, the antenna in [5] uses five ring slots for
switching between its wideband mode (from 1.5 GHz to
5 GHz) and another four different sub-bands. Besides
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that, four pair of ring slots were implemented in the
ground plane to generate a wideband mode (from 2 GHz
to 8 GHz), and reconfiguration to other three lower,
middle and upper sub-bands [6]. Next, a Vivaldi antenna
with defected ground plane formed using a pair of
rectangular ring slot was proposed in [7]. This antenna
can be operated in three modes: a wideband mode (from
2.2 GHz to 7.2 GHz), a dual-band WLAN mode (from
2.4 GHz to 2.485 GHz and 5.725 GHz to 5.875 GHz)
and a single band WLAN mode (from 2.4 GHz to
2.485 GHz). The rectangular slot functions as a stopband
filter for resonance induced by the ring slots.

In this letter, a frequency reconfigurable antenna
with capability to reconfigure between wideband
and dual-band modes is proposed. The dual-band
reconfigurability for this antenna is enabled using a
similar concept used for the single-band reconfigurability
in [4] and [8]. Besides featuring a compact size of
0.502%0 x 0.513% x 0.023) at 4.3 GHz, it is capable of
switching to six sub-bands with the incorporation of a
pair of simple ring slot. This proposed antenna features
a wideband mode from 3 GHz to 6 GHz, a dual-band
operation centered at 3.7 GHz and 5.8 GHz; and five
single-band modes resonant at 4.2 GHz, 4.58 GHz,
4.86 GHz, 5.7 GHz and 6 GHz.

I1. ANTENNA DESIGN
An elliptical monopole has been selected as the
main radiator based on [9], with annular rings
implemented on the ground plane for wideband and
narrowband re-configurability. The proposed antenna is
designed, simulated and optimized using the commercial
electromagnetic solver CST Microwave Studio (MWS),

which is based on the Finite Integration Technique (FIT).

The structure is meshed using 157,500 hexahedral-
shaped mesh cells before being solved numerically
using the time domain solver in CST. The boundaries of
the structure are set to be open, with additional A/4
space in all directions based on the lowest simulated
frequency. The structure was excited using a 50 Q
port waveguide port. A FR4 substrate, with a relative
permittivity (e/) of 4.7 and loss tangent (tan 6) of 0.019
is used to ensure a cost-effective implementation. Figure
1 shows the geometry of the proposed antenna operating
in its wideband mode (from 3 GHz to 6 GHz in State 1)
and dual band mode (centered at 3.7 GHz and 5.8 GHz
in State 2) with a S1; of -10 dB. Switches are implemented
to connect the end points of the rectangular slot, namely
S:1 (in State 1) and S; (in State 2) in Fig. 1. Table 1
shows the optimized dimensions of the proposed antenna.

To reconfigure resonance, regions with dense
surface current distributions are altered by the
incorporation of a pair of annular ring slot resonators
onto the ground plane. Figure 2 demonstrates its
operation in terms of electrical field distribution with
and without slot resonator at 3.5 GHz. It is observed
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that highly dense electrical fields are distributed along
the left resonator slot, whereas this intensity is lower on
the right ground plane without the resonator slot. A pair
of shorting stub placed on the slot circumference as a
RF switch effectively alters the current distribution,
resulting in resonance at different frequencies [4], [8].
These switch locations also activate the bandpass
function of the antenna, determining the suppressed
frequencies, and consequently producing operation in

the seven bands.

Fig. 1. Geometry of proposed antenna.

Table 1: Parameters of the proposed antenna

Parameter Dimension [mm]

Width of substrate, W 35
Length of substrate, L 35.8
Gap, g 0.4
Width of CPW ground, Wy 25
Length of CPW ground, Lg 16.11
Width of patch, Py 18.4
Length of Patch, Py 6.8
Fed line width, Ws 3.5
Fed line length, Ls 12.2
Ring slot outer radius, R, 4
Ring slot inner radius, R; 3
Length of bridge on x, By 0.8
Length of bridge ony, By 1

The use of either one or two metal switches on
each annular ring slot enables reconfigurability between
a wide band, a dual band and the five single band
modes. They are placed on the two symmetrical ring
slots each etched onto the left and the right side of the
CPW ground-plane. These switches are placed onto the
ring slots with specific clockwise and anti-clockwise
rotations, see Fig. 3. The resonator functionality will be



disabled when these switches (S1) are connected to the
ground plane.
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Fig. 2. Simulated E-field distribution.
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Fig. 3. Geometry of the annular ring slots.

Figure 4 depicts the simulated reflection coefficients
for State 1 and State 2. The Sy; of -13 dB at 4.4 GHz
for the State 1 degraded to -4 dB for State 2 upon
the shorting of the S, annular ring circumference,
as illustrated in Fig. 1. This indicates that the ring
configuration for the State 2 now functions as a filter.
Figures 5 (a) and 5 (b) illustrate the electrical field
distributions for the wideband (State 1) and dual-band
modes (State 2) at 4.4 GHz. A moderate current density
is observed on the ground plane in the wideband mode
(State 1). There is a strong current distribution along the
perimeter of the resonator in the dual-band mode (State
2), as shown Fig. 5 (b). This length is approximately a
quarter-wavelength (A/4) at 3.7 GHz.
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Fig. 4. Simulated reflection coefficients for States 1 and
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Fig. 5. Simulated E-field distribution at 4.4 GHz for: (a)
State 1, and (b) State 2.

To activate the narrowband behavior, the metal
switches located at point S; need to be disconnected
to eliminate wideband mode. The operation of the
narrowband states are similar, and is explained by
taking State 6 as an example. The simulated Si1 and Sa;
for this state presented in Fig. 6 indicates a tuned filter
behavior, with a pass band at 5.48 GHz located between
two stop bands at 2.9 GHz and 6.9 GHz. Placing a
shorting stub on each ring slot reduces the electrical
field density and isolate both stop bands. The second
shorting stub in each slot is used to control the electrical
length.
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Fig. 6. Simulated S-parameters for State 6.

Figure 7 (a) exhibits the electrical field distribution
for the first stop band, with strong electrical fields at
2.9 GHz concentrated in the section S (with a length of
14.1 mm). On the other hand, the fields for the second
stop band at 6.9 GHz mostly exist within section Ss
(with a length of 5.1 mm), as shown in Fig. 7 (b). Both
of them are separated by a distance of approximately
one sixth of a wavelength in a waveguide (A4/6) at
5.48 GHz in section S, (with a length of 3.56 mm). The
E-Field of the pass band at 5.48 GHz is shown in Fig.
7 (c), indicating high densities in the slot section Sp
(with a length of 20.2 mm). The length of this section is
approximately equivalent to A4 at 5.48 GHz. From Fig.
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6, the pass band centered at 5.48 GHz is slightly shifted
compared to the pass band of State 6 which resonated
at 5.7 GHz. This shift is due to the effect of mutual
coupling between the patch elements [10]. To further
tune the operation of the narrowband modes, locations
of these metal switches can be tuned to adjust its
electrical length.
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Fig. 7. Simulated E-field distribution of state 6 at: (a)
2.9 GHz, (b) 6.9 GHz, and (c) 5.48 GHz.

I1l. RESULTS AND DISCUSSION

The proposed antenna has been fabricated to
validate its actual antenna performance as seen in Fig.
8. Simulated and measured Si; of States 1 (wideband
mode) and 2 (dual-band mode) are shown in Fig. 9.
The wideband mode is produced by combining and
overlapping two resonances at 3.7 GHz and 5.3 GHz
[11], resulting in a wider impedance bandwidth.
Meanwhile, the dual-band mode is generated by
positioning the metal switches in State 2 as listed in
Table 2.
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Fig. 8. Photograph of the fabricated antenna (with switch
configuration in State 5).
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Fig. 9. Simulated vs. measured reflection coefficient for
the wideband mode (State 1) and dual-band mode (State
2).

Table 2: Optimal positions of the switches on the annular
ring for different states

State # CPW Ground Left | CPW Ground Right

PL: PL PR: PR;
Sy 5° 355° 5° 355°
S3 215° Nil 215° Nil
Sy 115° 135° 215° 145°
Ss 115° 155° 205° 245°
Se 215° 275° 85° 145°
Sy 195° 275° 85° 165°

Figure 10 shows the simulated and measured Si;
for the five single band modes centered at 4.2 GHz
(State 3), 4.58 GHz (State 4), 4.86 GHz (State 5),
5.7 GHz (State 6) and 6 GHz (State 7). The metal switch
configuration for States 2 to 7 are summarized in Table
2. Simulated and measured Si; for States 3, 4, 5 and 7
as shown in Fig. 10. There exist small discrepancies
between the simulated and measured bandwidths.
Besides fabrication inaccuracies caused by the small
switch dimensions, there is small disagreements between
the material properties (¢ and tan §) defined in the
simulations compared to its actual value. These properties
are defined as constants based on the datasheet provided
by the manufacturer in simulations, whereas in practice,
their variation may be considerable, especially when the
antenna is operated throughout a wide frequency band.

Table 3 summarizes the simulated and measured
gain and efficiency obtained at resonance when the
proposed antenna is operating in the wideband mode. It
indicates that the simulated gain of the wideband mode
is between 3.6 dBi and 4.17 dBi, whereas its measured
gain is between 3.7 dBi and 4.52 dBi within the 3.7 GHz
to 6 GHz operating range. Gains for the narrowband
mode presented in Table 4 indicate similarity with gain
obtained in the wideband mode. For instance, the gain
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at 3.7 GHz for State 1 is 3.76 dBi and State 2 is 3.71 dBi,
indicating a discrepancy of only 0.06 dBi. One of the

Table 5: Summary of the simulated and measured
bandwidths for different modes of the proposed

key reasons for this is that there exist no parasitic effects

reconfigurable antenna

originating from components typically used in the DC State Mode Bandwidth Bandwidth
biasing circuit. The simulated total efficiency of proposed (Simulated) (Measured)
antenna is between 0.81 and 0.98 for the wideband 1 Wideband 3.07-5.92 GHz | 3.22-6.6 GHz
mode, and between 0.93 and 0.98 for the six narrowband ceban (63%) (68%)
modes. All simulated and measured bandwidths are 3.2-4.06 GHz | 3.32-4.2 GHz
summarized in Table 5. (24%) (23%)
2| Dualband | 559 6 05 GHz | 5.53-6.04 GHz
0 (5%) (9%)
inale band 4.13-4.23 GHz | 4.12-4.24 GHz
N 3 | Single ban (2%) (3%)
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Fig. 10. Simulated (solid line) and measured (dotted
line) reflection coefficients (Si1) for the single band
mode: at 4.2 GHz (State 3), at 4.58 GHz (State 4), at
4.86 GHz (State 5), at 5.7 GHz (State 6), and at 6 GHz
(State 7).

Table 3: Gain and total efficiency for the wideband mode

Wideband Mode (Statel)

Frequency band
() 37|42 458|486 57|58 6
S'm“('gg’f)' 9ain |3 7614.16(4.12|3.39| 3.6 | 3.8 |4.17
Meas(‘(’jrég 9aIN |3 2414.43]452|4.01] 3.7 |4.08[4.09
Total efficiency | 9511 94/0.93(0.97(0.93| 0.9 |0.81
(Simulate)

Table 4: Gain and total efficiency for the narrowband
modes

State 21 3[als5][6]|2]7
Frequency band
(©Hy) 37|42 (458|486 57|58 6
S'm”('jgg 9ain | 37 |3.54| 3.8 [3.634.07|4.15|4.07
Meas(‘érégga'” 3.06(3.82| 2.2 |3.29]2.27|352|3.87
Total efficiency | o411 9610.96/0.93/0.94|0.98]0.98
(Simulated)
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Fig. 11. Simulated and measured radiation patterns in
the: (a) wideband mode: State 1 (at 4.5 GHz), (b) dual-
band mode: State 2 (at 3.7 GHz), (¢) dual-band mode:
State 2 (at 5.8 GHz), and (d) single-band mode: State 4
(at 4.58 GHz).

Figures 11 (a) to 11 (d) illustrate the simulated
and measured radiation pattern of proposed antenna
measured in an anechoic chamber. The radiation pattern
for the wideband mode at 4.5 GHz is plotted in Fig. 11
(@), and for the dual-band mode at 3.7 GHz and 5.8 GHz
in Figs. 11 (b) and 11 (c). Finally, the single band
radiation patterns at 4.58 GHz for State 4 is illustrated
in Fig. 11 (d). As can be seen, all co-polarized patterns
in the yz-plane exhibit the conventional monopole
characteristic which is bi-directional. Meanwhile, the
co-polarized xz-plane fields are quasi-omnidirectional.
Good agreements between simulated and measured
patterns are observed for the proposed antenna.

1V. CONCLUSION
A compact, 35 mm x 35.8 mm CPW-fed frequency
reconfigurable antenna capable of switching between

wideband, dual-band and narrowband modes is presented.

This is enabled via the proper positioning of switches
on a pair of slots etched on the ground plane. These
resonators act as bandpass filters to suppress unwanted
frequencies. The wideband mode is enabled when the
metal stubs are located at the edge of ground plane.
Meanwhile, one or two metal stubs are located on the
annular ring slot to produce narrowband modes. Finally,
the dual-band mode is generated by positioning the
two switches (S;) at the center of the rectangular slot
connected to the annular ring resonator. Such features
are beneficial for frequency switching in cognitive radios
and suited for various wireless applications.
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