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Abstract. This paper presents the design and development of stretchable and deformable broadband antenna using
low-cost silicone rubber-based dielectric substrate. A slot is introduced in the substrate to improve the stretchable
behaviour. The dielectric properties of the substrate are measured using suspended ring resonator method. The
proposed antenna uses silver elastomeric Lycra fabric as the conductive medium. The resistivity of the conducting
Ag fabric is 1  per sq. mm. The conducting patch and ground plane are attached with the substrate using siliconebased adhesive. The fabricated antenna is tested for its resonant characteristics using the vector network analyser.
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1. Introduction
Reconfigurable antennas are attracting great attention
in modern wireless communication systems where it is
necessary to replace multiple antennas using a single
module with an addition of tuning devices, which has
become necessary in developing many compact communication systems. Different reconfiguration properties of an antenna are frequency reconfiguration,
polarisation reconfiguration, radiation pattern reconfiguration and combination of any of these. Different
techniques adopted for producing reconfigurable antennas include: switches, PIN diodes, field programmable
gate arrays (FPGA) and microcontroller-based microelectromechanical systems (MEMS)-based actuators,
graphene-based modules and so forth [1]. Among these,
stretchability-based reconfigurable antennas have certain distinct advantages compared to other techniques:
(i) no need for additional modules for tuning, (ii)
can be easily attached with human body and formed
to any shape, (iii) fabrication process is easy, (iv)
choice of materials [2] etc. Previously, many techniques
and materials were suggested for achieving stretchable antennas. The textile fabric-based reconfigurable
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antenna for wearable electronic applications was introduced, and issues with fabrication process, addressing
the fabrication problems and its application areas are
discussed in [3]. A highly stretchable conductive ink was
developed and reported. This is based on the solution of
conductive silver nanowires integrated with stretchable
vinyl-terminated polydimethylsiloxane (PDMS) material. The fabricated material has a stretchability of up to
800%. A stretchable conductive ink which can be used
in screen-printing technique was fabricated. The silver conductive ink was screen-printed on the combined
substrate of regular binder (polyurethane) and stretch
binder (ethyl cellulose). The developed material has
achieved stretchability for more than 500 cycles [4–6].
A smart antenna was constructed using self-deformable
EVA substrate and stretchable Ag elastomeric conductive material for efficient working under different stretch
conditions [7]. Desired bands were achieved using frequency selection method with polarisation [8]. Lycra
fabric is found to be an effective substrate for the RF
dielectric and is much efficient in providing the corresponding deformation [9].
Recently, many microfluid-based stretchable devices
have been reported for electronics applications. The
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techniques utilised materials such as liquid metals and
polymeric stretchable substrates [10,11]. A multilayer
approach was introduced in combination of copper
metal and a conductive rubber radiofrequency (RF)
antenna. By the applied strain, copper developed a crack
and these cracks will be filled by the conductive rubber
to provide continuity in operation. But this requires a
complex multilayer structure [12]. All these techniques
have obtained narrowband resonant characteristics at the
operating frequency.
In this letter, a simple conductive silver fabric-based
patch antenna on a slotted silicone rubber substrate is
introduced for obtaining broadband operation and fabricated using a simple technique. The developed antenna
is experimentally evaluated using vector network analyser and the results are discussed in detail.
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Table 1. Physical properties of the silicone polymer.
Physical properties

Before slotting

After slotting

Dielectric constant
Dielectric loss tangent
Level of stretchability

5.9
0.019
Up to 25%

2.2
0.021
Up to 75%

2. Materials
2.1 Stretchable silver conducting patch and ground
The patch and ground plane uses a conducting silver
Lycra fabric with polyurethane elastomer for its stretchability. The silver elastomeric fabric has a stretchability
of up to 300%. The resistivity of the silver fabric is 1 
per sq. mm. This fabric has stretchable characteristics in
two ways and to obtain the desired pattern on silver fabric, a microcutter is used. The patch and ground plane
are attached with the substrate by using a silicone-based
adhesive.

Figure 1. Schematic representation of the proposed broadband stretchable antenna. (a) Top view, (b) slotted dielectric
substrate, (c) bottom ground plane and (d) photograph of the
corresponding fabricated images.

rubber-based material is 0.019. These dielectric properties are measured using the resonator method. The
properties of the polymer material before and after the
introduction of the slot are discussed in table 1.

2.2 Stretchable silicone-based adhesive

2.4 Structure and design

The stretchable silicone-based adhesive has high degree
of elongation, i.e. up to 296% with dielectric constant
=3.32, density=1.28 g/cc, viscosity=186000 cP and
elasticity modulus =0.218 GPa. It will easily attach with
the substrate within a stipulated time of 20 min and acts
as elastic together with the substrate, as its elongation
at break is 411%.

The schematic representation of the proposed silicone
rubber-based stretchable antenna is depicted in figure 1.
The top view of the patch antenna loaded over the rubber substrate and the bottom ground plane is shown in
figures 1a and 1c respectively. The representation of a
slot in the rubber substrate along with the geometrical
dimensions is shown in figure 1b. The photograph of the
corresponding fabricated images is shown in figure 1d.
The geometrical parameters are described as follows:
a = 26.4 mm, b = 20.4 mm, w = 16.2 mm, l = 11.8
mm, x = 2.58 mm, y = 7.25 mm, d1 = 11 mm and
d2 = 15 mm.

2.3 Silicone rubber-based stretchable dielectric
substrate
The proposed antenna used silicone rubber-based material as the dielectric substrate. Though the substrate
has considerable stretchable behaviour, it has less
stretchability than the silver elastomeric fabric. To
improve its stretchability further, a slot has been introduced in the dielectric material which changes its
dielectric constant. The measured dielectric constant
before and after the introduction of slot is 5.9 and
2.2 respectively. The measured loss tangent of the

3. Results and discussions
The fabricated structure is tested for its resonance using
the vector network analyser. The return loss (S11) of
the fabricated structure is evaluated under normal and
applied external strain conditions.
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Figure 2. (a) Simulated S-parameters for different levels of
stress applied and (b) measured S-parameters using vector
network analyser under normal and different initial applied
strains.

The S11 parameter decides the acceptance of input
power by the antenna which decides its radiation performances. The |S11| value of −10 dB indicates that
90% power is accepted by the patch and only 10% got
reflected. Similarly −20 dB and −30 dB represent an
acceptance of input power by the patch of 99% and
99.9% respectively.
Without applying any tensile strain, the slotted
substrate-based antenna resonates at 8.4 Hz with a return
loss of −26 dB. The fabricated antenna has obtained a
10 dB bandwidth of 900 MHz from 7.9 GHz to 8.8 GHz
which indicates the broadband behaviour. The percentage of applied tensile strain is calculated using eq. (1)
[11].
Tensile strain (%) =

l − l0
× 100,
l0

(1)

where l0 and l respectively represent the patch length
without external strain and with external strain. The
applied strain level is varied from 10 to 75% and the
corresponding S-parameters are obtained and analysed.

Figure 3. (a) E-plane radiation pattern for the stress applied
from 0 to 75% and (b) H-plane radiation pattern for the stress
from 0 to 75%.

The effect of applied strain on the resonant frequency
for different strain levels is shown in figures 2a and 2b.
At the higher level of applied stress (75%), the resonant frequency reduces by 4 GHz. This indicates that
when the antenna is stretched from l0 to 1.75l0 the
resonant frequency is decreased. Meanwhile, the comparison of measured performance for various levels
of stress applied based on E plane and H plane radiation patterns were also done and the results prove
that the gain is in the acceptable range (figure 3,
table 2).
By applying external strain, the stretchability of
the material varies which induces a change in length
which further changes the resonance. This way the
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Table 2. Measured performance summaries and comparison.
Strain

Broadband range

Operating frequency (GHz)

Efficiency (%)

Gain (dB)

0
10
25
50
75

7.8–8.2
6–7.1
5.4–9.4
5–8.8
3.6–7.2

8
7.4
7
6
5

72.97
73.85
78.93
84.51
77.1

1.4345
1.8421
2.6237
3.2961
3.1225

proposed structure has obtained frequency reconfigurable antenna. In addition, a slot in the substrate
supports wideband operation and increased stretchable
characteristics.

4. Conclusion
The fabrication and characterisation of broadband
antenna in the S, C and X band regions using stretchable
and deformable substrates is presented. The fabricated
structure has utilised stretchable silicone-based rubber
material as a dielectric substrate and Ag elastomeric fabric as a patch and ground plane. The effect of applied
stress on the resonant frequency of the proposed antenna
is studied experimentally and analysed in detail. The
introduced slot has improved the stretchability of the
substrate and broadband behaviour of the antenna is also
observed.
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