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Abstract—Self-healing functional polymers, blends, and 

composites provide a compelling approach for fully soft, elastic 

electronics and wireless sensing technologies. In this paper, we 

present a numerical analysis of an RFID tag antenna employing a 

self-healing substrate and conductor with conductivity of ~150 

S/m. Despite the lower conductivity comparison with the metallic 

conductors (~60 MS/m), the flexible tag antenna achieves 

sufficient radiation performance in the UHF band ranging from 

868 MHz to 920 MHz for a functioning RFID tag readable at 2.4 

meters distance from the reader. To our knowledge, this is the first 

self-healing UHF RFID tag for versatile applications including 

healthcare, wireless communication systems, biomedicine, 

logistics, and different fields in the manufacturing industry.  

I. INTRODUCTION 

Over the past two decades, growing efforts have been put 
into the development of Radio Frequency Identification (RFID) 
technology aiming for more compact, time- and cost-effective 
manufacturing processes. Undoubtedly, passive ultra-high 
frequency (UHF) RFID technology has developed 
simultaneously with advancements in materials available for 
constructing RFID tags which comprise an antenna interfaced 
with an RFID microchip. To design tag antennas various flexible 
conductive materials have been reported, including core-shell 
fibers made of polymers and with metallic coating, yarns 
bundled with thin metal filaments or integrated with carbon 
nanotubes, fabrics knitted with metal filaments, and graphene-
based printable inks [1]. In these referenced works polymers and 
fabrics have been employed as flexible substrates. 

In addition to the mentioned several materials and methods 
available for integrating tags to various platforms, the self-
healing functional polymers, and composite blends have yet the 
potential to revolutionize the electronics and wireless sensing 
technologies by enabling soft, elastic, and ultra-conformable 
material structures with possibilities for built-in material-
integrated sensors and communication systems. The 
autonomous self-healing functionality works without external 
intervention or energy, upon scratch or crack, similar to human 
skin or tissue regeneration. The wound healing process can take 
only a few minutes or hours, depending on the material 
properties of the polymer system, which is dozens or even 
hundreds of times faster than healing a small wound on human 
skin [2]. The materials and fabrication methods enable new, 

robust, sustainable, and responsible electronics and wireless 
sensing systems. Self-healing material concept enables next-
level functionalities and also increases the lifespan of wireless 
devices in extremely harsh environments, such as in cold, saline, 
and pressurized environments, or even space environments. All 
of this will be possible without diminishing the user experience 
or functional demands of the wireless systems. Our new self-
healing UHF RFID-based wireless sensor can even be re-
moldable and attachable to new objects after initial use.  

In our previous work [2], we achieved considerable progress 
with soft, self-healing polymer blends. In this work, for the first 
time, we study through numerical simulations the possibility of 
utilizing such materials to create a fully self-healing antenna for 
a passive UHF RFID tag. A challenge for the tag’s performance 
is that currently, a conductivity of up to ~150 S/m has been 
achieved [3], whereas the conductivity of copper conductors is 
approximately 60 MS/m. However, our simulation results 
indicate that a functioning passive UHF RFID tag with a read 
range of more than two meters can be achieved with a slot 
antenna made of the multiphase PEDOT:PSS conductor. 

II. SELF-HEALING MATERIAL TECHNOLOGIES  

Our solution-processable, heterogeneous, multiphase 
polymer systems have enabled synergistic improvement of the 
overall performance through well-percolated and entangled 
electrical, mechanical, and self-healing phases [2], [3]. The 
complete self-healing of the functional materials is possible, e.g. 
through interfacial and entropic energy enabling phase 
rearrangements and reformation of the percolated networks. At 
the moment this already enables permanent patternability of the 
materials at resolution up to 1200 DPI and the building of 
complex two- and three-dimensional structures on planar or 
curvilinear surfaces with predefined size and/or shape. Thus, 
making it feasible to build smart material structures for the 
realization of fully soft, elastic, and self-healing components, 
devices, circuits, or systems.  

III. ANTENNA DESIGN, SIMULATION RESULTS AND 

DISCUSSION 

Fig. 1 illustrates the top and side view of the developed self-
healing diamond-slotted tag antenna with a square foot-print 
size of 100 mm × 100 mm. The dimensions translate to around 
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Figure 1. Top and side view of self-healing RFID tag antenna structure. 

 λ/4 × λ/4 foot-print size at the desired frequency of 915 MHz 
providing a compact radiator. In addition, center diamond-
shaped slots were embedded to achieve the greatest available 
radiator linear length. The bimodal elastomer substrate (without 
additional structural or compositional modifications) has a 
relatively permittivity (εr) of ~3.1 and a dielectric loss tangent 
(tanδ) of ~0.015 at our desired frequency band. The thickness of 
the elastomer substrate is preferable in the range of 25 µm – 
2 mm. Since a thicker substrate is not ideal, we considered a 1 
mm substrate thickness for the developed antenna. The 
multiphase conductor with PEDOT-rich nanofibrils was 
employed as the radiator and has the preferable film thickness 
ranging from ~25 µm to 300 µm.  

The main parameter for evaluating the RFID tag 
performance is the attainable read range ( 𝑑𝑡𝑎𝑔 ), which is 

determined by the antenna-IC power transfer efficiency (𝜏𝐿) and 
the RFID IC sensitivity. The attainable read range in a free space 
is given by 

 𝑑𝑡𝑎𝑔 =
𝜆

4𝜋
√

𝜏𝐿⋅ 𝑒𝑟𝐷⋅𝐸𝐼𝑅𝑃

𝑃𝐼𝐶0
, () 

where 𝜆 denotes the wavelength of the reader’s signal, D and 𝑒𝑟 
are the antenna directivity and radiation efficiency, respectively, 
EIRP = 3.28 W refers to the regulated isotropic equivalent 
radiated power of the reader, and PIC0 = –18 dBm is the turn-on 
power of the RFID tag IC. Normally, RFID tag antennas are 
optimized so that their impedance is the complex conjugate of 
the IC impedance to maximize the antenna-IC power transfer 
efficiency (𝜏𝐿) given by  

 𝜏𝐿 =
4Re(𝑍𝐴)Re(𝑍𝐿)

|𝑍𝐴+𝑍𝐿|2 , () 

where ZA = RA+jXA and ZL = RL+jXL denote the antenna and IC 
impedances, respectively. According to equation (2), the major 
challenge in tag antenna design is attaining an antenna 
impedance that provides a proper power transfer efficiency to 
the tag IC. The utilized IC is NXP GiL2 chip with the impedance 
obtained from a parallel connection of 0.91 pF capacitance and 
2.85 kΩ resistance so that at 915 MHz, ZIC ≈12.8−j190.3 Ω. 
Moreover, the slots’ dimensions affect the radiation efficiency. 
Following these guidelines, the goal was to find an optimal 
antenna impedance for matching to the capacitive IC impedance 
and obtain higher radiation efficiency. After initial simulations 
with Ansys HFSS, we modified the diamond-slots geometry and 
the structure around it. The optimization of slots’ dimension  

 

Figure 2. Power transfer efficiency for different thicknesses of conductor. 

 

Figure 3. Attainable read-range (solid lines) and radiation efficiency 

(dashed lines) for various conductor thicknesses. 

converged to the structure shown in Fig. 1. Additionally, we 
assessed different thicknesses of multiphase conductor. As 
shown in Fig. 2, a thicker multiphase conductor obtains more 
power transfer efficiency, where the antenna achieves proper 
impedance matching. Fig. 3 illustrates radiation efficiency 
(dashed lines) and the attainable read range (solid lines) for 
various conductor thicknesses. Overall, based on equation (1), 
employing thicker conductor of 300 µm results in reading the 
stored data in tag IC by the reader at a longer distance of 
2.4 meters with 16% of power transfer efficiency, the gain of 
0.24 dBi, and 13.5% of radiation efficiency at 915 MHz, as 
depicted in Fig. 3. In addition to lower radiation efficiency, the 
lower conductivity is another challenge to achieve inductive 
input impedance for complex conjugate matching with the IC. 
However, there is the same challenge with the regular inductive 
loop matched dipoles, and besides due to the narrower 
conductive traces and the Ohmic loss, the radiation efficiency is 
even lower.  In this regard, as future work, we aim to improve 
the conductivity of elastomers and develop an antenna, as well 
as fabricate and test the proposed self-healing RFID tag antenna. 
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