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ABSTRACT 

A variety of conductive substrates and materials are used to create flexible antennas. The dielectric 

characteristics, mechanical deformation resistance (bending, twisting, and wrapping), miniaturization 

susceptibility, and environmental durability of the substrate are taken into consideration when selecting it. 

The foundation of thin, soft electronic/optoelectronic platforms that have unique capabilities in wireless 

monitoring and control of numerous biological processes in cells, tissues, and organs is formed by combined 

developments in material science, mechanical engineering, and electrical engineering. When implemented 

properly, these methodologies can result in compact, stretchy radio frequency (RF) antennas with 

performance metrics that are competitive with those of conventional devices. Examples include magnetic loop 

antennas for near-field communication (NFC), where the key parameters include operating frequency, Q 

factor, radiation pattern, and reflection coefficient S11 across a range of mechanical deformations and cyclic 

loads. Other examples include dipole, monopole, and patch antennas for far-field radio frequency operation.   

In the last several years, there has been a lot of progress in the creation of high-efficiency antennas for 

biointegrated electronic/optoelectronic systems, but there are still a lot of obstacles to overcome and related 

research possibilities. Flexible antennas are widely used in radio frequency identification (RFID), wearable 

sensing systems, ingestible and implantable applications, on-body and off-body communication, and wireless 

body area networks (WBANs). 
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INTRODUCTION 

Radiated fields are created when a charge accelerates or decelerates, per Maxwell's equations [1]. 

The antenna is a crucial component of any radio equipment that converts between electric and 

electromagnetic energies. It acts as an interface between electric currents traveling through metal 

conductors and radio waves propagating across space. The directional qualities shown in the radiation 

pattern and the consequent gain, which accounts for the efficiency, are the primary performance 

measurements of antennas.  The other significant boundaries additionally incorporate reverberation 

recurrence and transmission capacity. These properties are impacted by the types of radio wires as 

well as the mathematical and material boundaries in each kind. However there are different receiving 

wires, the most generally concentrated on ones are the monopole, dipole, and fix receiving wires, 



 

International Journal of Innovations in Electronic & Electrical Engineering             http://www.ijieee.in 

 

(IJIEEE) 2015, Vol. No. 1, Jan-Dec                                                   e-ISSN: 2454-9592; p-ISSN: 2454-8081 
 

 

67 

 

INTERNATIONAL JOURNAL OF INNOVATIONS IN ELECTRONIC AND ELECTRICAL 

ENGINEERING  

among others, because of their straightforward design and simplicity of manufacture. Stretchable 

hardware, otherwise called versatile gadgets or flexible circuits, is a gathering of innovations for 

building electronic circuits by keeping or implanting electronic gadgets and circuits onto stretchable 

substrates like silicones or polyurethanes, to create a finished circuit that can encounter huge strains 

without disappointment. In the least difficult case, stretchable hardware can be made by utilizing 

similar parts utilized for unbending printed circuit loads up, with the inflexible substrate cut (normally 

in a serpentine example) to empower in-plane stretchability.[1] Nonetheless, numerous scientists 

have likewise looked for naturally stretchable channels, for example, fluid metals.[2] 

One of the significant difficulties in this space is planning the substrate and the interconnections to 

be stretchable, as opposed to adaptable (see Adaptable gadgets) or unbending (Printed Circuit 

Sheets). Regularly, polymers are picked as substrates or material to embed.[3] While twisting the 

substrate, the peripheral range of the curve will extend (see Strain in an Euler-Bernoulli pillar, 

oppressing the interconnects to high mechanical strain. Stretchable gadgets frequently endeavors 

biomimicry of human skin and tissue, in being stretchable, while holding full usefulness. The plan 

space for items is opened up with stretchable gadgets, including delicate electronic skin for 

mechanical gadgets [4] and in vivo implantable wipe like hardware. 

STRETCHABLE SKIN ELECTRONICS 

Mechanical Properties of Skin 

Collagen, keratin, and elastin fibers, which give skin its strong mechanical strength, low modulus, 

tear resistance, and softness, are what make up skin. The epidermis and dermis make up the two 

layers that make up the skin. The epidermal layer is between 0.05 and 1.5 mm thick, with a modulus 

of 140–600 kPa. The dermis is 0.3–3 mm thick and has a modulus of 2-80 kPa.(5) When the strain is 

less than 15%, this bilayer skin responds linearly, but when the strain increases, it responds 

nonlinearly. When constructing skin-based stretchy electronics, it is ideal for the devices to match 

the mechanical properties of the epidermal layer in order to ensure conformability. 

 

Tuning Mechanical Properties 

Traditional elite execution electronic gadgets are made of inorganic materials, for example, silicon, 

which is unbending and weak in nature and displays unfortunate biocompatibility because of the 

mechanical befuddle between the skin and the gadget, making skin-coordinated hardware 

applications troublesome. To settle this test, specialists utilized the strategy of developing adaptable 

hardware as ultrathin layers. The protection from twisting of a material article (flexural unbending 

nature) is connected with the third force of the thickness, as per the Euler-Bernoulli condition for a 

beam.[6] It infers that items with less thickness can curve and stretch all the more without any 
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problem. Subsequently, despite the fact that the material has a moderately high Young's modulus, 

gadgets made on ultrathin substrates display a decline in twisting solidity and permit adapting to a 

little span of ebb and flow without breaking. Meager gadgets have been created because of critical 

advancements in the areas of nanotechnology, creation, and assembly. The previously mentioned 

approach was utilized to make gadgets made out of 100–200 nm-thick Si nanofilms kept on slim, 

adaptable polymeric substrates.[6] 

Moreover, underlying model considerations can be utilized to tune the mechanical solidity of the 

gadgets. Designing the first surface construction permits us to relax the solid gadgets. Clasping, island 

association, and the Kirigami idea have all been utilized effectively to make the whole framework 

stretchy [[7], [8]]. 

Mechanical clasping can be utilized to make wavy designs on elastomeric, slender substrates. This 

element works on the gadget's stretchability. The clasping approach was utilized to make Si 

nanoribbons from single-gem Si on an elastomeric substrate. The review showed the gadget could 

bear a most extreme kind of 10% when compacted and stretched.[9] 

On account of island interconnect, the unbending material interfaces with adaptable extensions 

produced using various calculations, like crisscross, serpentine-formed structures, and so on, to 

diminish the successful firmness, tune the stretchability of the framework, and flexibly misshape 

under applied strains in unambiguous bearings. It has been shown that serpentine-molded structures 

meaningfully affect the electrical qualities of epidermal hardware. It has likewise been shown that 

the ensnarement of the interconnects, which go against the development of the gadget over the 

substrate, causes the twisting interconnects to extend and disfigure fundamentally more than the 

serpentine structures.[7] CMOS inverters built on a PDMS substrate utilizing 3D island interconnect 

innovations exhibited 140% resist stretching.[9] 

Kirigami is built around the idea of collapsing and cutting in 2D films. This adds to an expansion in 

the elasticity of the substrate as well as its out-of-plane deformity and stretchability. These 2D designs 

can in this way be converted to 3D designs with shifted geography, shape, and size controllability by 

means of the clasping system, bringing about fascinating properties and applications.[7][9] 

 

Energy 

Single-walled carbon nanotubes (SWCNTs) and other carbon-based materials are used to create a 

variety of stretchable energy storage devices and super capacitors. In a study, Li et al. demonstrated 

the dynamic charging and discharging of a stretchy supercapacitor made of buckling SWCNTs 

macrofilm and elastomeric separators on an elastic PDMS substrate.10] The low specific capacitance 

and energy density of this stretchy energy storage technology is its main flaw, albeit it may be 

rectified by adding redox materials, such the SWNT/MnO2 electrode.11] Another method for 
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developing a stretchy energy storage device is to apply the concepts of origami folding. In [12] The 

resulting origami battery exhibited considerable twistability, bendability, and significant linear and 

areal deformability. 

 

Medicine 

Stretchable gadgets could be coordinated into brilliant pieces of clothing to connect consistently with 

the human body, recognize sicknesses, or gather patient information in a painless way. For instance, 

scientists from Seoul Public College and MC10 (an adaptable gadget organization) have fostered a 

fix that can distinguish glucose levels in sweat and can convey the medication required on request 

(insulin or metformin). The fix is composed of graphene loaded with gold particles and contains 

sensors that can distinguish temperature, pH level, glucose, and humidity.[3] Stretchable gadgets 

likewise license designers to make delicate robots to carry out negligibly obtrusive medical 

procedures in emergency clinics. Particularly with regards to medical procedures of the cerebrum, 

where each millimeter is significant, such robots might have a more exact extent of activity than a 

human. 

Moreover, underlying model considerations can be utilized to tune the mechanical security of the 

gadgets. Designing the first surface permits us to relax the firm hardware. Clasping, island 

association, and the Kirigami idea have all been utilized effectively to make the whole framework 

stretchy [[7], [8]]. 

Mechanical clasping can be utilized to make wavy designs on elastomeric, slim substrates. This 

component works on the gadget's stretchability. The clasping approach was utilized to make Si 

nanoribbons from a single precious stone Si on an elastomeric substrate. The review exhibited that 

the gadget could bear a maximum of 10% when compacted and stretched.[9] 

On account of island interconnect, the unbending material interfaces with adaptable extensions 

produced using various calculations, like crisscross, serpentine-formed structures, and so on, to lessen 

the powerful firmness, tune the stretchability of the framework, and flexibly disfigure under applied 

strains in unambiguous bearings. It has been demonstrated that serpentine-molded structures affect 

the electrical attributes of epidermal gadgets. It has likewise been shown that the entrapment of the 

interconnects, which go against the development of the gadget over the substrate, causes the winding 

interconnects to extend and misshape fundamentally more than the serpentine structures.[7] CMOS 

inverters built on a PDMS substrate utilizing 3D island interconnect innovations exhibited 140% 

endurance stretching.[9] 

Kirigami is built around the idea of collapsing and cutting in 2D layers. This adds to an expansion in 

the elasticity of the substrate, as well as its out-of-plane disfigurement and stretchability. These 2D 
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designs can hence be converted to 3D designs with changed geology, shape, and size controllability 

through the clasping system, bringing about fascinating properties and applications.[7][9] 

 

Tactile Sensing 

Inflexible gadgets don't regularly adjust well to delicate, natural organic entities and tissues. Since 

stretchable gadgets aren't restricted by this, a few specialists attempt to use them as sensors for contact 

or material detection. One approach to accomplishing this is to make a variety of conductive OFET 

(Natural Field Impact Semiconductors) for an organization that can distinguish neighborhood 

changes in capacitance, which gives the client data about where the contact occurred.[14] This could 

have expected use in mechanical technology and computer-generated reality applications.[6] [7] 

 

INSULATING AND CONDUCTING FABRICS FOR TEXTILE ANTENNAS 

Because of the simplicity of reconciliation on the garments, adaptable receiving wires that depend on 

materials stand out enough to be noticed. In the material radio wire, the traditional dielectric substrate 

like Rogers (dielectric consistent of 3-10 and dielectric misfortune digression of 0.001-0.005) is 

supplanted by textures to empower adaptability. Contingent upon the properties of the fiber parts and 

the design of the yarns in the material substrate, their dielectric constants and misfortune digressions 

are estimated to be in the scopes of [1.5, 2] and [0.005, 0.05], separately [6]. In contrast with the 

ordinary substrate, for example, Rogers, the somewhat low dielectric consistent of materials could 

give a somewhat huge impedance data transfer capacity and a high radiation proficiency in the 

subsequent radio wire, yet the little worth makes it challenging to scale down particular kinds of 

wearable and stretchable radio wires, for example, the micro strip receiving wire and planar upset F 

radio wire [7]. The exhibition of texture materials, for example, cotton and polyester as the dielectric 

substrate in a micro strip fix receiving wire with ordinary copper for fix and ground plane has been 

assessed and the returned loss of the radio wire at reverberation is ~−15 to −20 dB, showing a decent 

radiation proficiency [8]. Supplanting the dielectric substrate with a material substrate while saving 

the ordinary metals for the radiation parts assesses the impact of the material substrate on the 

receiving wire execution [9]. Indeed, even with the non-uniform thickness in the material substrate, 

the deliberate reverberation recurrence concurs sensibly well (a blunder of ~6.1%) with the outcomes 

got from the reenactment that takes the supposition of a uniform thickness. 

It is of critical interest to unequivocally control the size of radiations parts in the material radio wire. 

Among the various methodologies, laser cutting, programmable sewing or weaving, and printing are 

broadly embraced. In the programmable weaving, a weaving configuration program initially creates 

digitalized designs for the sewing machine. Exactly weaving adaptable silver-covered strands in a 
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twofold layer way onto a normal texture, collected onto the polymer substrate, yields fundamental 

RF models, for example, transmission lines, fix receiving wires, and receiving wire clusters with 

tantamount execution with their copper partners [7]. The accuracy of weaving can reach ~0.1 mm, 

promising extraordinary potential in the modern application [8]. In another review, winding around 

copper yarns (conductivity of 107 S/m) as a transmitting patch and the ground layer with E-glass 

filaments of five layers as the substrate in the 3D texture receiving wire is accomplished by a 3D 

symmetrical winding around machine (Figure 1D) [9]. At the point when the receiving wire is twisted 

with the curve alongside the taking care of course, the compelling resounding length diminishes, 

prompting an expansion in reverberation recurrence. In examination, the radio wire with a twisting 

ebb and flow opposite to the taking care of course shows a somewhat steady reverberation recurrence. 

Printing procedure addresses an option to control the size of the example definitively. As displayed 

in Figure 1E, copper sulfate (CuSO4) and sodium borohydride (NaBH4) arrangements can be 

consecutively administered through two needles [4]. After oxidation and decrease, a uniform 

conductive copper layer structures on the material surface. Nonetheless, the wet ability of materials 

could represent a possible issue for a uniform covering of copper. 

The sheet opposition of the material additionally relies upon the plan and interaction of sewing or 

winding around. As displayed in Figure 1F, the conductive texture in the single provoke structure 

(orange speck in the last one) with additional conductive pathways has a more modest contact 

obstruction than the plain sew structure (red dab in the main one) [4]. As the flexibility of the 

conductive texture is of basic significance to the material receiving wire in the viable applications, 

the mechanical properties of the base texture should be firmly analyzed too. Because of the sewing 

structure in the texture, its mechanical properties are naturally anisotropic. The Youthful's modulus 

of textures goes from many kPa to a few MPa and the Poisson proportion is in the scope of [0.1, 0.4] 

[5]. The particular procedures to gather the radio wire with a texture substrate and conductive texture 

radiation part likewise should be painstakingly picked, as the electrical short or extra misfortune 

might happen [7]. The generally utilized techniques incorporate an association with a crease, a warm 

cement layer, and silicone embodiment. 
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Figure 1. Textile antennas.  

 

MANUFACTURING METHODS AND MECHANISM 

As a general rule, stretchable frameworks are often accomplished by designed shapes and versatile 

substrates that are characteristically stretchable, which offer an establishment for applications that 

surpass the field of normal wafer and circuit load-up procedures due to their interesting capacity to 

consolidate with adaptable materials and curvilinear surfaces. Different strategies have been applied 

to make stretchable frameworks, and the most widely recognized technique is the utilization of 

inherently stretchable materials.[14] Stretchable elastomers are much of the time utilized as delicate 

substrates in numerous electronic gadgets, like normal elastic (NR), styrene butadiene elastic (SBR), 

ethylene-propylene-diene monomer (EPDM), polyurethane (PU), thermoplastic polyurethane (TPU), 

prevalent poly(dimethylsiloxane) (PDMS), and so on, which can reversibly persevere through high 

misshapenness (>200%) [10]. In any case, this strategy frequently brings about low electrical 

versatility and high electrical resistivity in electronic gadgets. Thus, different techniques that include 

wavy underlying setup, fractal plan, cross section, and interconnected island, origami, or kirigami 

structures were created to make the whole framework stretchable. These strategies may either be 

utilized to work on the pliable limit of characteristic stretchable conveyors or empower the use of 

normal conductive mass metals in stretchable electronic gadgets.[13] 
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CONCLUSIONS 

We have covered a number of representative approaches in this mini-review to enable stretchable and 

flexible antennas for bio-integrated electronics. The utilization of cloth, liquid metal, composite 

elastomers with conductive fillers, and conventional material structural design are some of these 

tactics. The development of a novel class of devices with the critical functionality of being quick, 

flexible, and able to react to a magnetic field is made possible by these stretchable magneto 

electronics. Even if each method has advanced significantly, there are still plenty of prospects for 

further growth. Future research will continue to focus on finding new materials, designs, fabrication 

techniques, or synergistic combinations of them to either surpass the current limit or strike a balance 

between the stretchable mechanical property and antenna performance, which typically involve trade-

offs. Stretchable metal NW electrodes, ultra-long percolated carbon nanotubes incorporated in 

elastomers, metal mesh, and electrospun rubber fibers containing metal nanoparticle percolation are 

a few examples of these. Metal NWs are one of the main materials used in the creation of stretchable 

heaters. 
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