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Abstract—A new and simple fabrication method to realize
robust flexible wearable antennas by combining conductive fabric
and polydimethylsiloxane (PDMS) is proposed. The conductive
fabric acts as the conductive part of the antenna, while PDMS
acts as the substrate as well as the encapsulation layers. The
method takes advantage of the porous structure of the conductive
fabric and the initial liquid form of PDMS to attain a significantly
strong integration between the two, leading to a robust PDMS-
based wearable antenna. A number of patch antennas have been
designed, fabricated, and tested to validate the proposed concept
and the results are presented, showing robust performance. The
fabricated prototypes have a resonance frequency approximately
at 2.46 GHz with a 10 dB return-loss bandwidth ranging from
3.3 to 5.7%.

I. INTRODUCTION

Polydimethylsiloxane (PDMS) has been considered one of

the most promising materials for the realization of wearable

antennas. The unique characteristics of PDMS, including

extreme flexibility [1], acceptable loss and tunable relative

permittivity [2], water resistance, transparency, temperature

stability [3], and simple preparation [4], make it advantageous

over its counterparts, such as textiles, paper, or any other

polymers.

An issue in flexible antenna development using PDMS is,

however, the inherent incompatibility of PDMS and metal.

To achieve a strong adhesion between the PDMS and the

antenna conductive parts which can stand extreme deformation

and stress is therefore a challenging process. There have

been a number of successful solutions to this issue, including

substrate pretreatment through oxygen plasmas exposure [5],

embedding carbon nanotube sheets [4], injecting liquid metal

[6], and embedding silver nanowires (AgNWs) [7]. However,

in general these approaches require a quite complex fabrication

process.

In this paper, we present a simple, yet effective approach

to overcome the aforementioned problems, allowing for a

relatively easy realization of flexible and mechanically robust

PDMS-based wearable antennas. In the following text, the

proposed method is described. As concept demonstrations,

four inset-fed patch antennas have been fabricated and tested,

validating the applicability of the proposed approach.

II. PROPOSED METHOD

The proposed solution is to utilize conductive fabric as the

conductive parts of the antenna which then are embedded

inside PDMS layers. Different to our work in [8], where the

conductive fabric is simply adhered to the PDMS surface, this

approach provides a stronger structural integration between the

conductive and nonconductive parts of the antenna. That is due

to the support from the PDMS-PDMS layers adhesion created

through the pores of the fabric, which is much stronger than

that of the PDMS and conductive fabric. As a result, this ap-

proach allows for a realization of PDMS-based antennas with

a robust performance against very harsh operating conditions.

III. MATERIALS FOR REALIZATION

For the antenna conductive parts, i.e. the ground plane and

patch, woven conductive fabrics are considered for their high

and isotropic effective conductivity, compared to those of knit-

ted conductive fabrics [9]. Multifilament entirely plated threads

intertwine with each other in a one-to-one ratio between the

vertical and horizontal directions, and the distance between

the adjacent threads is very small, less than 0.04 mm, thus

allowing a good resemblance to a solid metallic plate [10].

There are four different conductive fabrics from Marktek Inc.

and Less EMF Inc. considered in this work, named CF I, II,

III, and IV, respectively. The major differences between these

fabrics are their thicknesses, the composition of metal coating

on the threads, and the threads density, which lead to different

effective conductivities, hence affecting the performance of the

fabricated antenna.

To fabricate the PDMS layers, a Dow Corning Sylgard 184

silicone elastomer kit was employed. Firstly, the base and

the curing agent of the kit were mixed at room temperature

with a ratio of 10 to 1, followed by degassing the mixed

solution in a vacuum desiccator to remove bubbles possibly

formed during the mixing. Afterwards, the bubble-free solution
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Fig. 1. Antennas designed for concept demonstration.

TABLE I
DETAILED DIMENSIONS OF PATCH ANTENNAS

Antenna Dimension (mm)
Parameter

CF I CF II CF III CF IV

ws 50.3 50.3 50.3 50.3

ls 59.6 59.5 59.5 58.7

wg 42.3 42.3 42.3 42.3

lg 55.6 55.5 55.5 54.7

wp 22.3 22.3 22.3 22.3

lp 35.6 35.5 35.5 34.7

wt 3 3 3 3

lt 21 19 19 13.5

ip 11 9 9 3.5

g 1 1 1 1

ht 0.76 0.76 0.76 0.76

hs 2.5 2.5 2.5 2.5

hb 0.2 0.2 0.2 0.2

was tape-casted or poured into the target mold, to ensure

the desired thickness of the PDMS layer. If necessary, the

degassing process can be repeated to ensure that no air bubbles

are left inside the solution. The last step was the curing of the

solution that can be done at room temperature for 24 h or

under an elevated temperature (65◦C for 2 h) to expedite the

polymerization.

IV. CONCEPT DEMONSTRATIONS

A. Antenna Configuration

To validate the applicability of the proposed approach for

realization of flexible antennas, the combinations of PDMS

and four conductive fabrics were applied to an inset-fed

rectangular patch antenna design illustrated in Fig. 1. PDMS

layers are used as the substrate and encapsulation that covers

completely the antenna. For each combination, the antenna

was optimized to have a fundamental-mode operation at ISM

2.45 GHz. Table I gives the dimensions of the final designs

which were then fabricated through the process in [11], [12].

Four fabricated prototypes are shown in Fig. 2.

B. Measurements and Results

The RF performance of all prototypes were characterized,

including input reflection coefficient (|S11|) measurements us-

ing the Agilent PNA-X N5242A network analyzer, calibrated

with an electronic calibration module N4691B from Keysight,

CF I CF II CF III CF IV

Fig. 2. Fabricated patch antennas.

TABLE II
SUMMARY OF THE PEAK GAINS AND EFFICIENCIES OF THE PROTOTYPES

IN FREE SPACE

Gain (dBi) Eff.(%)
Antenna

Sim. Meas. Sim. Meas.

CF I 1.85 1.75 36.3 35.6

CF II 1.47 1.36 33.1 31.5

CF III 1.53 1.45 33.6 32.1

CF IV −0.74 −0.82 20.1 19.7

and far-field measurements in the NSI700S-50 spherical near-

field antenna range at the Australian Antenna Measurement

Facility (AusAMF), Marsfield. As shown in Figs. 3(a)–(d),

there is a good agreement between the measured |S11| results

and those of the simulations. The fabricated prototypes have

a resonance approximately at 2.46 GHz with a 10 return-loss

bandwidth ranging from 3.3 to 5.7%. The minor differences

between the simulated and measured results might be caused

by fabrication error during the manual cutting of the fabric,

especially CF IV whose edges easily suffered from fraying.

When the antennas were bent around a plastic tube having a

radius of 35 mm (see Fig. 4), the antennas remained functional

despite slight shifts in their resonance frequencies, especially

during bending along the E-plane of the antenna (see Figs.

3(a)–(d)). This is expected as it affects the main current path

of the antenna. However, most importantly the conductive

fabric remains intact inside the PDMS encapsulation. The

desired boresight radiations are achieved from the far-field

measurements as shown in simulations (see Figs. 5(a)–(d)).

Further, the gains and efficiencies of all prototypes, measured

at their resonance frequencies, are given in Table II, and they

again agree well with the simulated results.

V. CONCLUSION

A simple yet effective approach for realizing flexible and

mechanically robust wearable antennas has been presented.

The proposed approach was validated by studying the per-

formance of fabricated rectangular patch antennas. A good

agreement is shown between the simulated and measured

results, validating the proposed method.
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Fig. 3. Simulated and measured |S11| of the prototype with: (a) CF I, (b)
CF II, (c) CF III, and (d) CF IV.
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Fig. 4. Illustration of the antenna bending around the plastic tube.
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Fig. 5. Normalized simulated and measured radiation patterns of the prototype
with: (a) CF I, (b) CF II, (c) CF III, and (d) CF IV.
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