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Abstract- In the modern world, the electronic gadgets 

have become integral part of human lives at all levels 

of the society. Though they give the comfort and 

larger benefits to us, they also come with some 

negative effects which are sometimes dangerous to 

our lives. Those gadgets which are working on 

electromagnetic principles like large sized motors, 

traction, power transmission etc produces a lot of 

electromagnetic waves. Modern day communication 

devices like mobile phones, radios and micro wave 

gadgets are emitting the waves with varying 

frequency ranges. They have a greater impact on the 

working of other nearby electronic gadgets which 

may fail because of it. Medical implants like pace 

makers, artificial bio pumps and crucial bio medical 

equipments can also be affected by these Electro 

Magnetic Interference (EMI).  EMI also affects our 

brain and nervous system. Other living creatures like 

small birds are also the victims of EMI. Hence, 

shielding of EMI has become inevitable in some 

environments. Textiles can be made as a protective 

layer. In this paper, the theory of Electromagnetic 

shielding, various principles involved and production 

techniques of electromagnetic shielded textiles are 

discussed. 

 

I. INTRODUCTION 

 

Electromagnetic radiation describes a sort of energy 

that has the ability to circulate with space. If this area 

is a vacuum, then this radiation travels at the speed of 

light, i.e., approximately 3 × 108 m s-1. This radiation 

is identified as having both electrical and 

electromagnetic fields connected with it, therefore this 

radiation is described as 'electromagnetic' (Fig. 1). The 

principle of waves is that we are all accustomed to 

from strolling along the sea coastline as well as 

watching the waves breaking on the sand. It is easily 

noticeable there are many different sorts of water 

waves-fast ones, slow ones; surges on a fish pond, 

huge tidal waves. Electromagnetic radiation shares a 

lot of the exact same characteristics as water waves; 

hence, it is highly practical to integrate both concepts 

right into the philosophy of electromagnetic waves (or 

EM waves for brief). 

 

Fig. 1 Electromagnetic radiation spectrum.
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1.1 EMI shielding 

 

1.1.1 Electromagnetic interference (EMI) shielding 

 

Any type of undesirable electric or electromagnetic 

energy which creates unwanted actions, destruction or 

devices failure is known as electro-magnetic 

interference [1]. Electromagnetic waves (EM) emit as 

well as affects the electronics, it is important to shield 

them properly. The shielding of radio wave or 

microwave radiation are described by the 

Electromagnetic interference (EMI) shielding to make 

sure that the radiation essentially cannot penetrate the 

shield, which functions as a radiation obstacle. 

Magnetic shielding is distinguished from EMI 

securing [2]. The shielding of magnetic field is 

referred to as Magnetic protecting and commonly 

entails radio frequencies like as 60 Hz (U.S utility 

frequency). All the digital gadgets discharge the Radio 

wave and microwave radiation, especially which 

performs in the radio wave and microwave frequency 

ranges regularities (e.g., mobile phone). The greatest 

worry is that the radiation hinders electronic devices, 

due to the communication of the electrons in the metal 

conductors with the electric field in the radiation. The 

disturbance can create the electronic devices to 

malfunction. As gadgets that entail radio wave and 

also microwave are increasingly bountiful, shielding 

materials are progressively required for both radiation 

sources and also electronics. Consequently, research 

study to create EMI shielding products has actually 

grown rapidly over the last 20 years. Products for EMI 

shielding is carefully pertaining to products for 

electro-magnetic pulse (EMP) shielding [3]. A short 

burst of electromagnetic energy is known as the EMP, 

as that of lightning strikes and nuclear surges. The 

conductive materials that are high are normal of EMI 

securing products are also pertinent to antennas, which 

additionally function in the radio wave as well as 

microwave regimes. Antennas are seriously needed for 

cordless communication, which concerns the Internet 

of Things (IoT), radio-frequency identification device 

(RFID) tags, self-governing automobiles, wearable 

(stretchable) electronic devices and also 

virtual/augmented fact. 

 

1.1.2 Sources of EMI 

As a whole, EMI resources can be categorized into 2 

significant groups: ambient EMI and power quality 

issues. Railway and mass transit systems, clinical 

tools, and armed forces applications additionally 

encounter their own precise obstacles. Progressively, 

intentional EMI (IEMI) also represents a hazard to 

non-military properties such as the power grid and also 

other sorts of essential infrastructure [4]. EMI 

generated by synthetic or natural resources is, 

 

• Arc welders 

• Computer / electronic circuits 

• Mobile phones / home electronics 

• Brush motors 

• Lightening 

• X-ray machines for diagnostics and therapeutics 

• Solar magnetic storms 

• Earth magnetic field flux 

 

This article reviews some standard ideas concerning 

electro-magnetic concept that work in order to 

comprehend the issues displayed in this work. The first 

section defines just how it is possible to avoid from 

electromagnetic interferences to affect an electronic 

circuit or device. The second area specifies some 

electro-magnetic waves properties. Finally, the third 

section recapitulates a derivation of the protecting 

effectiveness computation. 

 

1.1.3 Basic principles of EMI shielding 

Frequencies ranging from 104 to 1010 Hz are included 

in the radio wave regime (i.e., wavelengths ranging 

from 10-1 to 104 m). One of the most vital frequencies 

remain in the GHz array. For instance, the frequency 

of 1 GHz corresponds to the wavelength of 0.30 m, 

such wavelengths are long. As a result of the lengthy 

wavelengths, products for EMI shielding need to be 

manufactured based on the macroscopic structure, 

even though most study in EMI securing materials has 

actually concentrated on the microstructure or 

nanostructure. Shielding entails primarily absorption 

and reflection of the radiation. Radiations gets 

bounced off from the shielding material which is 

caused by the reflection device. The reflected radiation 

might be objectionable to the atmosphere, especially 

to individuals. For that reason, from the security 

viewpoint, the absorption mechanism is favored for 

shielding. For reduced observability (Stealth), 

reflection is likewise not wanted, if they show 

radiation reaches the radar as well as for this reason 
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ends up being identified. The power loss due to 

shielding is expressed in decibels (dB) and also is 

referred to as the shielding effectiveness, or the total 

shielding effectiveness (SET). Due to absorption this 

part of loss is called the absorption loss (SEA). The part 

of this loss as a result of reflection is called the 

reflection loss (SER). These expressions are defined 

mathematically below. Electromagnetic fields can be 

separated in two elements: an electric area as well as 

an electromagnetic field. The electromagnetic field 

appears like a plane wave from a well-known concrete 

distant point. In this instance, it satisfies conditions (1) 

and also (2). 

 

ˆE
Z

H





=

      (1) 

E H ⊥
      (2) 

 

Wave impedance is defined as the ratio of E-field 

intensity to H-field strength of an electromagnetic 

wave. Wave resistance for air is specified in Fig. 2 

relying on frequency which is always been equal to 

377 Ω for aircraft waves. "Intrinsic impedance" is also 

known as the "wave impedance" too. The conditions 

(1) and (2) are not gratified in the near field.  More 

specifically, for these 2 attributes to hold it is essential 

that one need to be of order. Additionally, near fields 

have generally much more mechanisms than these 2 

moreover they don’t differ with distance. As a result 

of operating at a distance of 48 centimeters with 

frequency of 100 MHz a is previously taken as far 

field, all explanations in this work are taken into 

consideration in the far field problem. 

 

 
Fig. 2 Wave impedance. 

1.1.4 Fundamental of Electromagnetic Waves 

A theory was developed by James Clerk Maxwell, a 

19th-century physicist, which discusses the 

partnership in between electrical power and 

magnetism and also appropriately forecasted that 

electromagnetic waves causes the visible light. 

Whenever a conductive item gets strike by an 

electromagnetic wave, electrons are excited and also 

surface current is created. Electromagnetic energy is 

transmitted by the surface currents, which is briefly 

allured on the item's surface. Object absorbs or re-

radiates the energy. In recap, the electro-magnetic 

wave formula is derived from Maxwell's equations and 

demonstrates that an electro-magnetic wave has both 

magnetic and also electric elements (perpendicular to 

every various other, oscillating in the time and space 

stage). Wave impedance is the ratio of E and H related 

to medium of the permeability and permittivity. The 

region greater than λ/ 2π is known as the far field (λ is 

the wavelength as received Fig. 3). The wave is 

recognized to be a plane wave due to the far field, all 

emitted EMI waves essentially lose their curvature, 

and also the surface having E as well as H develops to 

be a plane (Eq. 1 & 2). 

 

 
Fig. 3 A description of electromagnetic wave [5]. 

 

When a wave connects with the surface area of an item 

(one that is semi-infinite), part would certainly be 

shown as well as part would certainly be sent. The 

representation depends on the product and frequency 

of propagation. For the normal incident the reflection 

coefficient (R) would certainly be computed by the 

normalized impedance Z/Z0, 
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     (3) 

 

R is a complex number (normalized impedance is a 

function of relative permittivity and permeability). By 

denoting to R, generally a phase angle is ignored and 

also just the amplitude of R in dB is pointed out. The 

reflection coefficient is composed as, 

( ) 10| | 20log | |R dB R=
   

     (4) 

 

Wave resistance provides just how the relative 

permeability as well as permittivity (material 

properties) can affect the reflection coefficient. 

 

II. CONCEPTS OF ELECTROMAGNETIC 

INTERFERENCE 

 

EMC as well as EMI, 2 principles created by IEEE 

journals as well as EMC guidelines, are defined as: 

Electromagnetic Compatibility (EMC) is the 

capability of a system to be functional in its anticipated 

electro-magnetic atmosphere within a well-defined 

degree of security and at style degree of performance 

without unbearable destruction due to interference. 

The process of electro-magnetic disruption is 

transferred from one digital tools to one more through 

radiation, performed paths or both is referred to as the 

Electromagnetic Interference (EMI). Via shielding (or 

filtering system), EMI power is reduced/eliminated. 

EMI exposure disturbs or damages the relative 

quantity of the disposition which is susceptibility. It 

shows the shortage of security. To withstand 

electromagnetic power defense is a relative step of 

ability of system. 

 

2.1 Electromagnetic Interference Shielding 

A general factor to consider of a physical device for 

electro-magnetic (EM) shielding versus undesirable 

EM discharges as well as commercial modern 

technologies of shielding is obtainable. Electrical 

areas of EM waves are generated as well as easily 

communicate with high impedance voltage driven 

circuits (e.g. straight wire or dipole) [6]. 

Electromagnetic fields of EM waves are created, and a 

lot of interact with low impedance current-driven 

wiring (e.g. cord loops). The interference path loss 

(IPL) of the shield is a feature of the product, 

frequency, and distance from the resource. The 

capacity of a shield is to undermine an EM field (or 

control radiated EM energy) is described as its 

protecting effectiveness (with device of decibel dB).  

 

• Shielding effectiveness (SE)  

The ratio of the impinging energy to the residual 

energy is defined as the Shielding effectiveness (SE). 

The logarithm of the ratio of the incident to transmitted 

electric (E), magnetic (H), or plane-wave (P) field 

intensities is the function of SE typically expressed in 

in decibel (dB):  

1

2

20 logdB

E
SE

E

 
=  

   
Or  

1

2

20 logdB

H
SE

H

 
=  

      
      

Or  

1

2

20 logdB

P
SE

P

 
=  

      (5) 

 

2.2 Physical mechanism 

The three system of electro-magnetic shielding are 

reflection (R), absorption (A) and multiple reflection 

(B) (Fig. 4). A conductive product is the most effective 

prospect for reflection as its shielding is based upon 

mobile charge carriers (electrons) in the product [6]. A 

resistance is generated by the mobile carriers 

mismatch in between vacuum wave insusceptibility 

and important resistance of the shield. As a result of 

this mismatch, a big part of incident field is reflected. 
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Fig. 4 Mechanism of Electromagnetic shielding [5]. 

 

The transmission coefficients of the first and second 

air/shield interface (T1 and T2) and results in,  

( )
2

1 2

1
20 log | |  20 log

4
dB

k
R TT

k

+
= − =

  
     (6) 

where k = Z0/Zs and Zs is the impedance of shield.  

 

Another mechanism of shielding is absorption that 

imposes electric and/or magnetic dipoles in the shield 

[6]. The imaginary part of permeability creates the 

magnetic loss generally and ensues in the following 

ways: 

 

• Hysteresis  

• Domain wall motion  

• Eddy currents   

• Ferromagnetic resonance (FMR) 

 

Hysteresis results from permanent magnetization that 

is insignificant for very weak or high frequencies (e.g. 

microwaves) of the applied field. Skin deepness is 

specified as the required distance for the wave to be 

diminished to 1/e or 37% of its preliminary amplitude: 

 

0

1

s sf


   
=

    (7) 

where f (Hz) is the frequency, σS (S/m) is the material 

conductivity, μS is the relative permeability of the 

material, μ0 =4xπx10-7 H/m is permeability of free 

space. 

 

The permeability of shield and/or conductivity is 

increased to reduce the skin depth. The absorption loss 

can be defined as in: 

( )20 log 8.686
t

dB

t
A e 



 
= =  

    (8) 

where t(m) is the thickness of shield.  

 

Re-reflection which is triggered by interference 

sources (e.g. PEDs) inside cabin can be minimized by 

high ability EM absorber. The multiple reflection 

happens externally or interface between the shields. 

The reduction in shielding effectiveness of the shield 

with low abruption loss is known as the multiple 

reflection correction term multiple reflection inside 

the shield (in case of A > 15dB, multiple reflections 

can be ignored), 

 

( )

( )

2
2

2

1
20 log 1

1

t

dB

k
B e

k


− −

= −  
 +    (9) 

 

The general term for electromagnetic shielding 

effectiveness is the sum of reflection (R), absorption 

(A) and multiple reflection (B) [5]: 

 

dB dB dB dBSE R A B= + +
   (10) 

 

III. TYPES OF MATERIALS FOR EMI 

SHIELDING 

 

The products for EMI shielding consist of metals, 

carbons, ceramics, cement (or concrete), conductive 

polymers and linked composites. The primary method 

for EMI shielding material advancement comprises of 

composites (material combinations). Metals and also 

carbons are leading, due to their high conductivity as 

well as the associated schedule of mobile electrons for 

engaging with the electric area in the radiation. 

Ceramics and concrete are much less reliable, yet the 

ions in them can intermingle with the electrical area in 

the radiation. Polymers are even less efficient, unless 
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they are of the kind that is conductive. For any kind of 

material, the visibility of a magnetic component 

improves the absorption contribution to shielding, as a 

result of the dealings of the magnetic component with 

the electromagnetic field in the radiation. 

 

3.1 Metals 

Steels such as silver, copper, gold, as well as 

aluminum are the key for EM shielding as a result of 

their high electrical conductivity, Table 1 displays the 

electric conductivity of metals. In the starting they can 

be utilized as metallic wire (Cu [7–9], Ag [10], Au, Ni 

[11–14] or Zn and so on) were used to yield the 

conductive yarns. The conductive yarns out of whole 

steels, hybrid or composite yarns out of a combination 

of metal yarns and also conventional fabric yarns. 

According to the recommendation [17] rise in copper 

wire diameter, there was a basic decline in EMI SE 

furthermore minimize the bending residential or 

commercial properties of textile. Furthermore, raising 

the metal cords might boost the weight in addition to 

reduce the convenience to the wearer, likewise there 

are lots of processing troubles to make a material. 

 

Table 1. Electrical conductivity of some metals. 

Metals Conductivity (S/cm) 

Silver 6.8 × 105 

Copper 6.4 × 105 

Aluminum 4.0 × 105 

Brass 1.7 × 105 

Nickel 9.7 × 104 

Steel 6.3 × 104 

Stainless steel 1.8 × 104 

Electroless Nickel 1.8 × 104 

Graphite 5.0 × 102 

 

• Coated samples have a stable  

Samples that are coated have a structure which are 

stable with regularly appropriated metal particles on 

textile substrates. Metal layers deposited on textile 

surface area by various techniques provide low surface 

area resistivity and hence a high order of EM 

shielding. CVD (sol-gel) is used to effect nano-

coatings making use of plasma handling [15]. Physical 

vapor deposition (PVD) is a method made use of for 

depositing carbon or graphene as well as is used as a 

secure strategy to get great conductive graphene 

nanofibers using high-temperature plasma. Generally, 

the conductive yarns from metal wire are lengthy, 

complicated, and call for the usage and knowledge of 

the whole fabric supply chain. Additionally, the 

resulting textiles typically higher weight and also 

reduced versatility as a result of the yarn instructions 

gotten by weaving and also knitting processes. Xiao et 

al. [16] provided new approaches for preparing EM 

fabrics. These are metalized fabrics containing pores 

as well as meshes, and also spacer-structured fabrics. 

They wrapped up that the SE of the metal mesh is 

clearly different from that of the metal plate with pores 

on its surface. When it comes to stretched metalized 

fabrics, the mirroring radiation is partially polarized, 

which can facilitate or enhance the acknowledgment 

of an item by radar beams. By occasionally extending 

as well as unwinding the fabric, it is even feasible to 

modulate the reflected microwaves. 

 

Zou et al. [17] examined the impact of washing 

treatments on the security of shielding efficiency of 

cotton textiles gotten using superhydrophobic 

finishing with Nafion (perfluorosulfonated polymer)/ 

MWCNT layer. According to the writers, MWCNTs 

is uniformly deposited is helpful not only for creating 

a connective conductive network, but also boosts 

electric conductivity as well as shielding performance 

of the cotton textile. After 6 cycles of Nafion-

MWCNT deposition by dip-drying procedure, the 

resultant textile possessed a beneficial SE of 9.0 dB.  

Cheng et al. [18]  resolved that the EM-SE of woven 

materials can be personalized in a numerous way, 

including textile structure, textile density, number of 

layers, and also quantity of conductive filler materials. 

 

Nanocoating is a reasonably brand-new method in the 

textile field. Conductive nanocomposite yarns are 

formed by various procedures. Nanocomposite 

synthesis normally comprises the deposition of 

metallic nanoparticles or carbon nanotubes right into a 

dielectric matrix. Electrolytic deposition develops the 

metalized fabrics of nickel revealed a completely high 

level of EM shielding in the meter as well as decimeter 

ranges of wavelength. A non-electrolytic approach of 

deposition from solution is referred to as Electroless 

plating, which is understandable by a mix of oxidation 

as well as reduction processes. Metallic substrates 

shielded EM waves mostly via surface reflection, 
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while carbon additives supplied EMI shielding via 

absorption. 

 

3.4.1 Electroless Plating 

A metal deposition technique like Electroless or 

chemical plating does not include making use of 

external electric energy. In an aqueous solution it 

includes a chemical reduction oxidation reaction for 

metal deposition on a non-conductive substratum. 

Amongst all techniques, electroless metallization has 

gotten great interest as a result of its originality in 

supplying multifunctional performance relating to 

electric conductivity, EMI securing and other 

properties. A selection of methods such as in situ 

deposition of metal particles, flame and also arc 

spraying, sputter coating and vacuum deposition have 

been reported in previous areas, nonetheless those 

techniques contains constraints of stiffness, oxidation 

of steels, high weight and also inadequate cleaning, 

rubbing and also properties of air permeability [19]. 

 

 
Scheme. 1. Simple chemical reaction during 

electroless plating of NiSO4. 

The existing steel plating on textile material can be 

attained via 5 phases, such as pre-cleaning, 

sensitization, activation, nickel deposition (electroless 

plating) and message treatment. 

 

• Pre-cleaning 

Pre-cleaning is the procedure to remove the 

contamination from the materials resulting in better 

deposition of metals. Consequently, the pre-cleaning 

procedure can be accomplished by using of 2.5 % non-

ionic detergent with 35 °C temperature level This 

procedure was done at 7 pH with 20 minutes duration. 

Later on, the pre-cleaned textile has been rinsed with 

deionized water. The prime feature for the rinsing 

procedure with deionized water for the effective 

removal of residual cleaning agent which might have 

impact to influence the forthcoming procedure. 

 

• Sensitization   

The process of catalyzing the material is known as a 

sensitization which is simply non-conductive. 

Sensitization allows the surface of the fabric to serve 

as a catalyst for the metal deposition, whereas it can be 

accomplished through the auto-catalyzation process. 

For sensitization, solution bath containing the mixture 

of 5 g/L SnCl2 and 5 m/L of HCl was utilized to treat 

the pre-cleaned fabric. This process occurs for 10 min 

under ultrasonic bath with slow agitation. The 

temperature level of this bath was kept at 25 ° C with 

the pH of 1. In this procedure, the milife fabric 

engrosses Sn2+ ions. 

 
Scheme. 2. Chemical reaction during sensitization 

stage. 

 

• Activation  

The main objective of this process is to stimulate the 

fabric surface to select the metal deposition. 

Sensitization process was carried out due to the 

activator liquid. After the sensitization followed by the 

rinse procedure, the milife material was immersed 

with PdCl2, HCl and also H3BO3. This process 

undergoes for 5 min by keeping pH of 2 and 25 ° C. In 

this method, formation of nucleation effect was made 

on fabric surface area with palladium (Pd2+) ions from 

original surface connected with (Sn2+). Subsequently 

to activation, the fabric is washed with deionized 

water. In this situation, the fabric is triggered by intro 

of a palladium seed, adhered to by the copper 

deposition by using a commercial copper salt solution. 

One of the main disadvantages of this method is 

palladium which is extremely costly (~ $15,000 per 

kilo gram (kg)) [20]. 

 

• Deposition  

The metal was formed by reducing the metal by 

decreasing agent (i.e. NaPO2H2). Solution bath having 

H2NiO5S, C6H9Na3O9, NH4Cl and also few drops of 

Na OH & NaPO2H2 was utilized to immerse the 

activated fabric. The process of deposition occurs for 

the 1 hour at room tempera with the pH of 9. Normally 

the reduction of number of (i.e. in case of Nickel 

deposition) Ni2+ ions is relying on the concentration of 

reducing agent (i.e. NaPO2H2). 

 

 
Scheme. 3. Chemical reaction during NiSO4 

deposition stage. 
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• Post treatment 

In order to enhance the properties and durability, the 

process of curing (150 °C for 1 min) is essential after 

the metal deposition. A non-electrolytic approach of 

deposition from solution is known as electroless 

plating, e.g. Cu electroless deposition was reported to 

utilize a catalytic redox response between metal ions 

and also liquified reduction agent (i.e. formaldehyde) 

in alkaline medium at high temperatures. Nonetheless, 

during the plating process, due to the formation of 

hazardous gaseous products use of formaldehyde was 

reported to be risky. Previous to the actual metal 

plating, due to the necessity of surface sensitization 

and surface activation requires longer time, there 

arises another constraint with conventional electroless 

plating Further study is necessary to efficiently 

prepare Cu-coated textiles under risk-free conditions 

in affordable as well as consistent. 

 

CONCLUSION AND FUTURE SCOPE 

 

It is concluded that the theory of electromagnetic 

shielding and various principles associated with it are 

reviewed extensively. Shielding of textiles with 

respect to electromagnetic interference can be derived 

with the help of the principles discussed in the 

previous pages. Various production techniques of EMI 

shielding textiles are also explored.  

 

In future, new principles and production techniques 

associated with those may be invented 
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