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Abstract—A new process is presented to fabricate stretchable 

and flexible wire antennas using conductive fibers (E–fibers). 
Stretchability and flexilibity are important for wire antennas that 
operate in environments subjecting them to shape deformation 
(e.g., automotive, wearable, implantable applications, etc). The 
concept is to embroider the wire antenna using E–fibers, and 
embed it into a stretchy polymer. This also preserves the integrity 
of the textile threads and protects them from corrosion. A key 
challenge is to remove the non–stretchable fabric on which the 
textile antenna was embroidered, while still preserving its 
original shape. To validate our technology, we fabricate and test 
a stretchable and flexible wire antenna operating at 915 MHz. 
The E–fiber prototype is found to achieve excellent performance, 
comparable to that of its non–stretchable and non–flexible 
copper wire counterparts. A future goal is to embed such 
antennas into hostile environments, such as a truck tire, for 
collecting automotive data.  
 

Index Terms—Conductive textiles, flexible antenna, 
stretchable antenna   

I. INTRODUCTION 
IRE antennas are traditionally made of copper wires or 
by etching metal patterns on rigid substrates. When 

stretched or folded/twisted, such antennas become 
permanently deformed, or even break. Therefore, they are 
unsuitable for applications that require high flexibility and are 
subject to continuous mechanical deformation. As an example, 
antennas mounted into tires for automotive sensing 
applications must endure changes in pressure, stress, and 
temperature [1] [2]. Likewise, wire antennas for wearable [3] 
and implantable [4] applications need to be conformal and 
flexible, as they are subject to stresses caused by body 
movements. 
 In this Letter, we propose a new technology to fabricate 
stretchable and flexible wire antennas using embroidered 
conductive fibers (E–fibers) embedded in polymer. In the past, 
we demonstrated reliable fabrication and excellent 
performance of E–fiber planar antennas on polymer–ceramic 
composite substrates [5] [6]. For the first time, herewith, E–
fibers are employed to embroider stand–alone wire antennas. 
To do so, the fabric used to embroider the wire antenna will be 
removed. Subsequently, the E–fiber wire is embedded in a 
stretchy polymer to retain its integrity. This polymer also 
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protects the E–fiber wire antenna from corrosion. A key 
challenge is the removal of the non–stretchable fabric on 
which the antenna was embroidered (as an intermediate 
support), without deforming the original shape of the wire 
antenna.  

Wire antennas on textiles have previously been reported in 
[3]. Though flexible, these are not stretchable, and not 
shielded from the surrounding environment as the textile 
surface is exposed. Stretchable conductive surfaces have also 
been fabricated using: copper traces [7], liquid metal [8], 
conductive rubbers [9], electro-threads on stretchy polyester 
fabric [10], silver nanowires [11], and conductive stretchable 
fibers [12]. However, when applied to wire antennas, such 
technologies are prone to failure due to fatigue and wear. 
Using our approach, the developed wire antenna prototypes 
are stretchable, flexible, and highly durable to repetitive 
deformations. Concurrently, they exhibit comparable 
performance to their copper wire counterparts. Additionally, 
polymer integration preserves the integrity of the textile wire. 
At this point, a dimensional accuracy down to 0.5mm can be 
achieved. This limitation is due to the employed textile thread 
thickness and the employed embroidery process. 
 This Letter is organized as follows. Section II presents the 
fabrication technology for stretchable and flexible wire 
antennas using E–fibers. In Section III, we use the proposed 
fabrication process to fabricate and test an E–fiber antenna 
operating at 915 MHz. A future goal is to embed such 
antennas into actual and, possibly, hostile operational 
environments. 

II. FABRICATION OF STRETCHABLE AND FLEXIBLE WIRE 
ANTENNAS USING E–FIBERS  

A new technology is presented for stretchable and flexible 
wire antennas using E–fibers, embedded in polymer. The 
fabrication process is depicted in Fig. 1. The conductive wires 
were realized by twisting 664–strand Amberstrand® fibers into 
a single thread, resulting in a composite thread of ~0.5mm in 
diameter. This thread (E–fiber thread) exhibits high flexibility, 
and low DC resistance (about 0.5–0.7Ω/ft) [13]. 
Polydimethylsiloxane (PDMS) was employed as the polymer 
material (εr=3, tanδ<0.02) due to its flexibility and 
stretchability [5]. The procedure is summarized as follows: 
1) Computer model. An antenna design is first performed 
using any desirable computational or analysis method. In 
doing so, it is important to avoid perfectly right angles since 
the embroidery process cannot realize these angles due to the  
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high tensile strength required. Therefore, sharp corners must 
be replaced by bents of radius=5mm.  
2) Digitization. The antenna CAD file is subsequently 
imported into the Brother® sewing machine software toolset, 
and converted into a digitized stitching pattern. This process 
requires consolidation of the design vs. fabrication geometry 
differences. We note that for embroidery, the stitching density 
was set to ~1.3 stitches/mm. 
3) Embroidery. The automatic embroidery process was 
subsequently applied using the Brother® sewing machine [5] 
to form and print the design. Embroidery was done on a 
polyester fabric. The latter is only used for intermediate 
support and must be removed at a later step. Using this 
embroidery process, a geometrical accuracy down to 0.5mm 
can be achieved. 
4) Removal of the support fabric. Though flexible, the 
fabricated E–fiber prototype cannot be stretched since it is 
embroidered on a non–stretchable polyester fabric. To achieve 
stretchability, we must remove this fabric, and subsequently 
embed the wire antenna into a stretchy polymer.  

In removing the polyester fabric, a key challenge is to 
preserve the original shape of the antenna. To do so, the 
embroidered antenna is placed upon the adhesive surface of a 
copper tape. The fabric is then removed using a soldering iron 
to melt the polyester. The fine tip of the soldering iron enabled 
us to perform localized heating to: (a) melt the polyester fabric 
having a melting temperature of about 250oC, but (b) not melt 
the adhesive that was right under the E–fiber. Thus, during 
this process, the copper tape keeps the E–fiber antenna into 
shape. Also, no damage to the E–fiber was observed that in 
itself has a melting point of 600oC [13]. Of course, other 
polyester melting processes may be used, if desired. For 
example, oven heating at 250oC can be used as long as a heat-
resistant adhesive tape is employed to keep the antenna into 
shape. 
5) Polymer integration. The base and curing agent of the 
PDMS are next mixed at room temperature in a vacuum mixer 
[14]. A bubble–free PDMS mixture is then carefully poured 
onto the E–fiber antenna while the latter still lies on the copper 
tape. In doing so, a thin (1–2mm) layer of liquid polymer is 
formed, and a curing process under elevated temperatures 
(120oC) is conducted. Once fully–cured, the underlying copper 

 
tape is readily removed. The remaining structure is simply the 
E–fiber wire antenna coated with PDMS polymer.  

As shown in Fig. 1, the final antenna can be stretched along 
with the surrounding stretchy polymer. Concurrently, polymer 
integration preserves its integrity, and protects the E–fiber 
against corrosion. We note that the technique can be used for 
prototypes up to about 4GHz. Beyond this frequency, the E-
fiber loss becomes of issue as was demonstrated in [5].  

III. VALIDATION OF THE E–FIBER WIRE ANTENNAS 
EMBEDDED IN POLYMER  

To validate our proposed E-fiber wire antennas, we proceed 
to fabricate and test a stretchable and flexible version 
operating at 915 MHz. The fabricated prototype is shown in 
Fig. 2. It has a meandered wire geometry, and occupies 95.6 
mm length × 12.6 mm width. For comparison purposes, the 
copper wire counterpart of this antenna was also fabricated 
and tested. As shown in Fig. 2, the latter is again embedded 
into PDMS polymer to ensure a more direct comparison of the 
two antennas.  

Measured reflection coefficient and impedance data of the 
E–fiber and copper wire antennas are shown in Fig. 3, 
indicating good agreement. The corresponding measured 
realized gain (max) is shown in Fig. 4 from 800 MHz to 1000 
MHz. We note that at 915 MHz, the maximum realized gain 

 
Fig. 1. Proposed process to fabricate stretchable and flexible E–fiber wire antennas embedded in polymer. 

 
Fig. 2. Final fabricated prototype of the stretchable and flexible E–fiber 
antenna embedded into polymer. The wire counterpart is shown at the 
lower portion of the figure. 
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was 2.49dBi and 2.54dBi for the E–fiber and copper wire 
antennas, respectively. As compared to the copper wire   
prototype, the E–fiber antenna exhibits slightly lower gain 
likely due to losses in the silver–coated polymer. This also 
explains the superior bandwidth and matching performance of 
the E–fiber antenna (see Fig. 3). The measured co–pol. and 
cross–pol. radiation patterns of the antennas at 915 MHz (E–
plane and H–plane) are given in Fig. 5. Of importance is that 
the co–pol patterns exhibit excellent agreement, with a 
discrepancy of less than 0.6 dB.  

As shown in Fig. 1, the E–fiber antenna can be stretched 
and flexed, and still return to its original shape. Specifically, 
the employed PDMS polymer allows for antenna stretchability 
(elongation) of about 10% of its original size. Of course, other 
polymers may be employed, if desired. For example, Kraton 
may be used for increased stretchability (Kraton can allow for 
>900% [15]). We further note that reflection coefficient and 
gain/pattern data obtained after 2 months of repetitive 
stretching and flexing indicated no change in antenna 
performance. Evaluation under mechanical 
(tensile/shear/flexure/vibration) variations has yet to be carried 
out.

 
We may conclude that the fabricated E–fiber prototype 

achieves excellent performance, comparable to that of its 
copper wire counterpart. Concurrently, it is stretchable and 
flexible.  

 A future goal is to employ such antennas into realistic 
applications. One example application is to use them into tires 
to transmit their history, temperature, pressure, stress, etc [1] 
[2]. Stretchability and flexibility in this case is critical. 
Further, the E–fiber antenna’s polymer coating facilitates 
bonding with the tire sidewall during curing. Preliminary 
results for stretchable and flexible E–fiber wire antennas 
tested in actual truck tires have shown comparable 
performance to that of their copper foil and copper wire 
counterparts [2]. We note that these antennas must be 
broadband to address detuning due to shape deformations and 
changes in the surrounding tire environment.  

IV. CONCLUSION 
A new fabrication technology was presented to realize 

stretchable and flexible wire antennas using conductive E–
fibers, embedded in polymer. The resulting wire antennas can 
withstand repetitive stretching, and are protected against 
corrosion. Such prototypes can be used in challenging 
environments that require flexibility and are subject to 

 
(a) 

  
(b) 

Fig. 3. Measured (a) reflection coefficient (|S11|) and (b) impedance (Z), 
for the E–fiber and copper wire antennas. 
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Fig. 4. Measured maximum gain vs. frequency for the E–fiber and copper 
wire antennas.  
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Fig. 5. Measured co-pol. and cross-pol. radiation patterns of the E–fiber 
and copper wire antennas at 915 MHz: (a) E–plane and (b) H–plane (gain 
values are given in dBi). 
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mechanical deformation. To validate our technology, we 
fabricated and tested a stretchable and flexible wire antenna 
operating at 915 MHz. Reflection coefficient, gain, and pattern 
data indicate excellent agreement between the E–fiber 
prototype and its copper counterpart. 
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