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Abstract—In this paper, a flexible reconfigurable antenna
mounted on curved cylindrical configurations is presented. The
proposed design is based on a folded slot antenna printed on
a flexible Polyethylene Terephthalate (PET) substrate. One PIN-
diode is incorporated to the antenna surface to make it reconfig-
urable in terms of its resonant frequencies and polarizations. The
impact of curved cylindrical geometries, such as circumferential
and axial configurations, on the antenna radiation characteristics
is discussed.

I. INTRODUCTION

Flexible antennas can be used in many potential applica-
tions where antennas are integrated with wearable devices to
provide wireless connectivity. Due to the recent advances in
thin film materials being used as flexible substrates, printed
antennas, such as a monopole or dipole, are fabricated on
flexible substrates. Flexible substrates, such as Polyethylene
Naphthalate (PEN) [1], Kapton Polyimide [2] and paper-based
[3], have been widely used for flexible antennas. Coplanar
waveguide (CPW) feeding techniques are recommended in
flexible antenna designs since both the antenna element and the
ground plane are printed on one side of the substrate, which
reduces the complexity of fabricating the antennas and also
reduces the complexity of integrating active devices to flexible
antennas [2].

A single band CPW-feed folded slot antenna is choosing as
a reference antenna for this work [4]. From the literature, RF
switches, such as PIN-diodes, were used to reconfigure slots
antenna and folded slot antennas by altering the length of the
slot to change its resonant frequency [5]. In this paper, we
propose another technique to reconfigure folded slot antennas.
One PIN-diode is incorporated to the stub inside the slot to
redirect and redistribute the current on the stub and to change
its symmetry with respect to the CPW feed line, which results
in a reconfigurable folded slot antenna.

II. ANTENNA DESIGN

The proposed antenna, as shown in Fig. 1, is designed
and simulated on Polyethylene Terephthalate (PET) flexible
substrate (ϵr = 3 and tan(θ) = 0.008), which has a thickness
of about 0.1 mm (0.004 in.). The reference folded slot antenna
is a single band antenna and it resonates when the perimeter
of the slot is about one guided wavelength (λg) at the resonant
frequency, where λg is the guided wavelength of the 50-ohm

Fig. 1. Reconfigurable folded slot antenna. Antenna dimensions: Wg=31 mm,
Lg= 59 mm, Ws= 4.75 mm, Ls= 53 mm, WT = 1 mm, LT = 52 mm, Wf=
6 mm, Lf= 20.5 mm, g= 0.2 mm, Wa= 0.5 mm, Wb= 3.25 mm, SW= 2
mm.

CPW feed line. The non-radiating stub inside the slot for the
reference folded slot antenna is used to reduce the impedance
of the slot. It is not radiating since it is made symmetrical
with respect to the CPW feed line where the radiation from
the right section of the stub cancels the radiation from the left
section of the stub.

The proposed antenna in this work can be either a single
band or dual-band based on the status of the PIN-diode. One
PIN-diode is incorporated to the stub, as shown in Fig. 1,
to redirect and redistribute the surface current on the stub.
For the forward biased (ON), the proposed antenna acts as
a single folded slot antenna where the antenna has a single
band due to the slot only and also its polarization is based
on the slot orientation. However, when the PIN-diode is
reversed biased (OFF), the diode is used to change symmetry
of the stub with respect to the CPW feed line. As a result,
the stub becomes asymmetrical and the surface current is
redirected to be in phase on the asymmetrical part of the stub.
Thus, the stub is radiating for a second resonant frequency.
In this case, the antenna is dual band with two different
polarizations, the first band is due to the slot while the second
band is due to the stub. The polarization of the slot and the
stub are interchanged according to the concept of Babinet’s
principle [6]. To ensure that the proposed antenna is well
radiator for conformal configurations, the antenna is tested
for two curved cylindrical configurations with a radius of
curvature (R = 25 mm), which are the circumferential and
axial configurations. The two configurations are defined based
on the slot orientation with respect to the axis of the cylinder
(z-axis), as shown in Fig. 2.



Fig. 2. Fabricated prototype: a) Circumferential configuration. b) Axial
configuration.

Fig. 3. Reflection coefficients of flat, axial and circumferential configurations
for the two states of the PIN-diode.

Fig. 4. Comparison between measured patterns for flat, axial and circumfer-
ential configurations (R= 25 mm): (a) E-plane for the slot. (b) E-plane for the
stub.

III. RESULTS AND DISCUSSIONS

The proposed antenna was designed, simulated and fab-
ricated. Inkjet printing technology was used to fabricate the
antenna, where a copper metal was produced on the very thin
flexible substrate (PET). The proposed antenna was tested in
terms of reflection coefficients, amplitude patterns and gain
for flat and curved cylindrical configurations. Fig. 3 shows
the reflection coefficients of flat, circumferential and axial
configurations for the two states of the PIN-diode. It was
observed that the antenna maintains its resonant frequencies
and bending the antenna doest not have that much of impact
on the resonant frequencies of the antenna. When the PIN-
diode is ON, the antenna has a single band at 2.42 GHz with

single linear polarization due to the slot only. In this case,
the antenna works for Wireless Local Area Network (WLAN)
applications. When the PIN-diode is OFF, the antenna has
a dual band and each band has different polarization. One
polarization is attributed to the slot at 2.36 GHz while the
other one is at 3.64 GHz, which is orthogonal to that of the
slot, is due to the stub (the stub acts as dipole). In this case,
the antenna provides wireless connectivity for WLAN and
Worldwide Interoperability for Microwave Access (WiMAX)
applications.

The radiation patterns (E-plane) for circumferential and
axial configurations are compared with the flat configuration in
Fig. 4. It is worth mentioning that for the flat configuration,
the entire surface of the antenna is parallel to its principle
axes, thus the null filling occurs at the expected position and
the E-plane pattern is symmetrical. This is not the case when
the antenna is curved where the entire antenna surface is not
parallel to its principle axes. Thus, as expected there are some
changes in the null filling, symmetry and also orientation of the
patterns for curved configurations. It was observed, as shown
in Fig. 4, the gain of the slot-stub combination at broadside
(θ = 0) is changing depending on their orientation: circum-
ferential or axial orientation. For circumferential orientation,
the gain of the slot is increased while the gain of the stub is
decreased. However, for axial configuration, the gain of the
slot is decreased while the gain of the stub is increased, as
shown in Fig. 4. When the antenna is mounted on curved
configurations, the antenna radiates energy not only in the
forward hemisphere but also radiates energy on the curved
surface, thus the pattern becomes broader.

IV. CONCLUSIONS

A flexible reconfigurable antenna with different cylindrical
configurations is proposed. The antenna is either single band
or dual band with different oriented polarization depedning on
the status of One PIN-diode, which is inserted to the stub to
reconfigure antenna. The study of the radiation characteristics,
such as reflection coefficients and amplitude patterns, of the
curved proposed antenna shows that the antenna maintains its
function when it is used for conformal applications.
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