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Abstract 
 

The increased usage of electronic systems creates electromagnetic interference (EMI). Many research studies are explored 
different types of materials for electromagnetic wave shielding. However, very limited work is carried out on electromagnetic 
wave shielding materials for flexible cables used in electronic equipment. In the current work, three types of flexible tapes, 
namely L-Al-L, L-Ni-L, and L-Ni-L-Al-L, were developed using foils of aluminum (Al) and Nickel (Ni) laminated with Linear low-
density polyethylene (LLDPE) (L). The developed tapes were characterized for electromagnetic shielding. L-Al-L and L-Ni-L 
tape's average total shielding effectiveness was 34.8 dB with 59 % absorption and 37 dB with 65 % absorption, respectively. 
At the same time, the hybrid tape showed enhanced shielding effectiveness of 45 dB. However, compared to the other two 
tapes, the L-Al-L tape appeared to be a better material because it was low in cost, thin, more flexible, and easy to wrap around 
the cable during processing. 
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1. Introduction 

The increased use of electronic devices has tremendously 

increased electromagnetic radiation (EMR) pollution and 

electromagnetic interference (EMI).[1] EMR hazards result in 

harmful biological effects on the human body. According to 

the experts, due to prolonged exposure to EMR, large number 

of people are suffering from cancer and other diseases. In 

addition, EMR affects data security, leakage and loss, and 

electronic system failure due to interference.[2] In particular, 

strong interference is created due to the high-frequency 

electromagnetic waves that are more harmful and lead to the 

disastrous failure of civil, military, electronic, and electrical 

devices.[3] Hence, the EMI shielding composite materials have 

evolved as a global concern. The carbonaceous fillers and 

metal foils that have good electrical and magnetic properties 

are used as shielding materials in the wide frequency range 

applications. 

The cable that connects the critical electronic devices also 

needs EMI shielding in addition to insulation,[1] as shown in 

Fig. 1. An insulating jacket protects the wires against abrasion, 

moisture, and other outside environmental effects in an 

unshielded cable. However, it is not protected by electronic 

noise and EMI. Presently, various types of EMI shielding are 

used in cables, such as foils and braided shields. Shuangqiao 

Yang et al.[ 4 ] developed polyethylene/graphite nanoplatelet 

composites with 10–50 wt.% Graphene nanoplatelets (GNPs) 

having 10 m & 100 m lateral dimensions mixed with Linear 

low-density polyethylene (LLDPE) powder in a co-rotating 

twin-screw extruder. Further, the specimens were processed 

by injection and compression molding. The composites filled 

with GNP-10 and GNP-100 with 30 vol.% showed an increase 

in the volume electrical conductivity from 8.5 S/m to 29.9 S/m. 

The LLDPE/GNP-10 and LLDPE/GNP-100 with 50wt.% 

filler concentration exhibited EMI shielding performance of 

33.8 and 37 dB, respectively, in the X- band frequency range. 

Noorunnisa Khanam et al.[ 5 ] investigated the effect of 

compounding conditions and filler concentration of the 

LLDPE reinforced with 1, 2, 4, 6, 8 and 10 wt.% GNP 
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Fig. 1 Construction of cable suitable for EMR shielding. 

 

composites on the mechanical, thermal, and electrical 

properties. Further, 4 wt.% GNPs in the LLDPE composites 

extruded with speeds of 50, 100, and 150 rpm showed an 

increase in the conductivity with an increase in the speed. 

They concluded 10wt.% GNP with 150 rpm had a conductivity 

of 8.94 ×10-5 S/m. Im et al.[6] developed GNP/Ni/PMMA 

multilayer nanocomposites by varying GNP/Ni fillers 20-40 

wt.% insteps of 10 wt.% using solution blending. They found 

that the average conductivity of samples was increased with 

increase in the filler concentration from 29.18 to 412.62 S/m 

and the EMI shielding effectiveness of multilayer 

nanocomposites was 54-85 dB compared to monolayer 22-26 

dB for the same thickness. They also developed GNP/Ni/Wax 

samples by a molecular-level mixing and ball-milling process 

with 0.7 mm thickness and showed shielding effectiveness of 

48 and 20 dB, respectively.[7] Nimbalkar et al.[8] developed 

PC/GNPs nanocomposite by varying filler concentrations 

from 0 to 6 wt.% insteps of 0.5 wt.% using solution mixing 

followed by hot compaction. The 6 wt.% GNP 

nanocomposites exhibited shielding effectiveness of 35 dB at 

8.2 GHz for 1 mm thickness, which showed an electrical 

conductivity of 0.413 S/m. Further, the same frequency 

shielding effectiveness increased to 47.2 dB at 2 mm thick. 

Sabira et al.[9] fabricated polyvinylidene fluoride/graphene 

nanocomposite films with a thickness of 20 m that were 

prepared by solution casting with varying 2,5,10 and 15 wt.% 

filler loadings. They found that 15 wt.% graphene 

PVDF/Graphene nanocomposite films showed shielding 

effectiveness of 47 dB in the X-band frequency range. They 

observed that absorption was dominant. Joseph et al.[10] 

developed PMMA/Graphene and PVC/Graphene films and 

composites of 2 mm thickness that were prepared by solution 

casting followed by hot compression molding with filler 

loading concentrations of 1,5,10 and 20 wt.%. They found 20 

wt% filler concentration with 2 mm thickness of 

PMMA/Graphene and PVC/Graphene composites showed 

EMI shielding effectiveness of 21 and 31dB, respectively, in 

the X-band frequency range. 

Polymer composites are the combination of thermoset or 

thermoplastics with different conductive nanofillers. These 

polymer composites are used to develop hybrid polymer 

composite laminates with metal foils (i.e., silver, aluminum, 

and nickel). The polymer in the hybrid laminates results in 

good adhesion and protection from corrosion, improving 

bonding, flexibility, and EMI shielding properties.[11-13] Hence, 

in the current work, polymer-metal foil composite laminates 

are explored as suitable candidate for cable shielding. 

Aluminum foil is a high electrical conductivity and low 

magnet permeability material. It is thin, flexible, low cost, and 

environmentally non-hazardous compared to lead. The 

aluminum foil has an electrical conductivity of 0.63 S/m and 

a magnet permeability of 1 H/m. Hence, it is considered as a 

shielding material in foil-type shielding.[14,15] However, 

aluminum foil shielding suffers due to low tensile strength and 

stiffness. According to EMI shielding theory, the EM wave 

reflects when it falls on an electrically conductive surface and 

is absorbed when it falls on a magnetic surface. Hence, in this 

work, we attempt to develop EMI shielding tapes by 

laminating aluminum foil with LLDPE. In addition, the 

LLDPE laminated nickel foil is also used to create hybrid 

tapes and investigate the reflection, absorption, and effective 

EMI shielding in the frequency range of the X-band.  

 

2. Materials and Methods 

2.1 Materials 

The Extrusion-blowing method produced LLDPE film with 

average 75 m thickness was purchased from M/s. Balaji poly 

pack, Shivamogga, Karnataka, India. The aluminum foil of 

10-12 m thickness and 100 m thick nickel foil was from the 

local market in Mumbai.  

 

2.2 Fabrication of multilayer composites 

Three types of flexible laminated composite tapes such as (i) 

LLDPE-Aluminum foil- LLDPE (L-Al-L), (ii) LLDPE-Nickel 

foil-LLDPE (L-Ni-L), and (iii) LLDPE-Aluminum foil- 

LLDPE-Nickel foil- LLDPE (L-Al-L-Ni-L) were prepared by 

using LLDPE film, Aluminum-foil, and Nickel-foil. The foil 

and film were placed alternately one above the other and were 

hot-pressed at a temperature of about 150 °C in a 10-ton 

hydraulic press at 3 bar pressure[S1]. Figs. 2 and 3 represent 

the arrangement of layers in flexible laminated composite and 

the thickness of the tapes prepared for EMI shielding. 

 

2.3 Testing and characterization 

The tensile properties of LLDPE film used for lamination were 

studied as per ASTM D 638.[16]), and a vector network analyzer 

with a waveguide was used to measure the EMI shielding 

effectiveness (SET) in the X band range (8-12) GHz.[17]  
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Fig. 2 Schematic arrangement of layers in flexible laminated composite tapes. 

 

3. Results and discussions 

3.1 Electrical conductivity 

The electrical conductivity was measured as per ASTM 

D257.[18] The sample size of 5 × 5 mm was prepared with 

LLDPE5GNP, aluminum, and nickel films. The conductivity 

of the LLDPE5GNP, aluminum and nickel films are  

2.72 × 10-7, 2.95 × 105, and 1.46 × 105 S/cm, respectively. 

 

3.2 Skin depth 

The skin depth () is defined as the field strength of an RF 

signal on a material that drops to 1/e of its incident signal. The 

δ depends on the conductivity (), magnetic permeability (), 

operating frequency, and structure of the shielding material.[19] 

The high attenuation of RF energy dissipation is due to 

absorption, which implies excellent absorption properties. The 

skin depth is inversely proportional to absorption. The better 

EMI SE material should possess more significant absorption 

than reflection.[20] 

The  can be calculated as Equation (1): 

 𝛿 = 1/(𝜋𝜎𝑓𝜇𝑟𝜇𝑜)0.5                         (1) 

If the thickness of the material and absorption are known, then 

 can be calculated as Equation (2): 

𝛿 =
8.68×𝑡

𝑆𝐸𝐴
                                     (2) 

The skin depth is calculated using Equation (2) and shown in 

Table 1. 

Table 1. Skin depth of the prepared composites@8.2-10.4 GHz. 

Sample Thickness (mm) Skin depth  (mm) 

L-Al-L 0.162 0.05 to 0.08 

L-Ni-L 0.25 0.06 to 0.15 

L-Al-L-Ni-L 0.337 0.8 to 0.12 

 

The shielding effectiveness due to absorption can be 

calculated in terms of material thickness and skin depth as 

follows Equation (3):   

 𝑆𝐸𝐴 = 8.7𝑡√𝜋𝑓𝜇𝜎                              (3)                                                   

The absorption in the L-Al-L is 17.05 dB due to the 

conductivity of the composite. Similarly, L-Ni-L is 31.89 dB, 

and L-Ni-L-Al-L is 32.67 dB. This increase in the absorption 

is due to the synergetic effect of conductive and magnetic 

properties of the prepared composites at 0.06 mm skin depth 

at 10 GHz. 

 

3.3 Tensile properties of LLDPE film 

The tensile properties of LLDPE film were studied using a 

universal testing machine in the machined direction (MD) and 

the transverse direction (TD) with the strain rate of 0.02 S-1 as 

per ASTM 638D. The stress-strain values were plotted as 

shown in Fig. 4. The MD direction tensile strength at break is 

26.4 MPa, which is higher than the TD direction tensile 

strength at break (18.6 MPa). The TD tensile strength is 

reduced; however, the elongation to break and stiffness are 

improved in the TD direction. The secant modulus in the MD 

direction is 0.65 GPa and 0.8 MPa in the TD direction. The 

averaged values of the three different film samples have been 

tabulated in Table 2. It is noticed that the elongation at break 

tends to respond opposite to the tensile strength, which is in 

line with the results published in the literature.[21] The increase 

in tensile strength in the MD direction is due to the orientation 

of molecules during extrusion. The GNPs are oriented in the 

machine direction during the drawing and blowing processes 

of film.[22] However, the mechanical properties of blown 

LLDPE film depend on other processing parameters such as 

die gap, throughput, blowing ratio, relaxation and 

crystallization effect. The higher MD direction tensile strength 

of LLDPE used for lamination is an advantage in the proposed 

EMI tapes for wrapping on the insulation of cables. In addition, 

the moderate TD direction strength witnesses the required tear 

strength in the TD direction. 
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Fig. 3 The thickness of the prepared, flexible laminated composites (i) L-Al-L (ii) L-Ni-L (iii) L-Al-L-Ni-L. 

 
Fig. 4 Stress-Strain of (a) LLDPE film in MD and TD direction, (b) Aluminum foil, and (c) Nickel foil. 

 

Table 2. Tensile properties of the raw material films. 

Type of  

Film 

Thickness 

(m) 

Tensile  

modulus (GPa) 

Young's 

modulus (GPa) 

LLDPE 75 Along MD=0.0264 

Along TD=0.0186 

NA 

Ni 100 16.92 0.39 

Al 12 12.95 0.049 

 

3.4 Electromagnetic shielding effectiveness 

The electromagnetic wave strikes the shielding material and 

experiences reflection, absorption, and multiple reflections. 

The reflection is due to an impedance mismatch in the 

shielding material and the incident electromagnetic wave.[23] 

However, the reflection losses also depend on the interaction 

of mobile charge carriers in the shielding material and 

radiation in the electromagnetic fields. The EMI shielding 

depends on the shielding material's properties and the EM 

wave's nature.[24] Good shielding material should have an 

absorption dominant as compared to reflection. The reflection 

(S11) and transmission (S12) scattering parameters were 

measured using S-parameters.[25]  

R=|S11|2=|S22|2                                           (4) 

T=|S12|2=|S21|2                      (5) 

The electromagnetic interference effectiveness of the material 

is the sum of absorption, reflection and multiple reflections. 

SET=SEA+SER+SEMR       (6) 

If absorption is above 10 dB, the multiple reflections are  

neglected.  

The total EMI shielding according to: 

SET =SEA+SER    (7)  

where A, R and T represents the absorption, reflection and 

transmission energy coefficients, respectively. However, SER, 

SEA and SET represent the shielding effectiveness due to 

reflection, absorption and transmission, respectively.  

SET (db) =  10 log10 (
1

S12
2 ) = 10 log10 (

1

S21
2 ) = log10 (

1

T
)  (8)   

SER (db) =  10 log10 (
1

1−S11
2 ) = 10 log10 (

1

1−R
)      (9) 

SEA (db) =  10 log10 (
1−S11

2

S12
2 ) = 10 log10 (

1−R

T
)   (10) 

The electromagnetic shielding due to absorption and reflection 

by the L-Al-L, L-Ni-L, and L-Al-L-Ni-L films was 

investigated using a 2-port N9911A vector network analyzer 

(Keysight Technologies, India) with a waveguide and sample 

holder as the arrangement shown in Fig. 5.  

Three test samples from each composite tape and three 

samples of LLDPE film were accurately prepared to 22.86 mm 

×10.16 mm and placed in the sample holder between the two 

waveguides. The reflection and transmission (S11 and S12) 

scattering parameters were measured for X-band range 

frequencies. Before the measurement, the vector network 

analyzer calibration was performed. The SEA, SER, and total 

electromagnetic interference shielding effectiveness (SET) can 

be evaluated from the S11/S22 and S12/S21 parameters using 

Equations (8), (9), and (10). The absorption, reflection, and 

total shielding effectiveness for all three types of tapes and 

LLDPE film in the X-band is shown in Figs. 6(a), (b), (c) and 

(d). 

Figures 6(a) and 6(b) represent the attenuation of EM 

waves due to reflection (SER) and absorption mechanism (SEA)  
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Fig. 5 Network analyzer experimental setup to measure S parameter. 

 

and total shielding effectiveness (SET) in the X-band 

frequency range of L-Al-L and L-Ni-L tapes, respectively. In 

both types of tapes, the attenuation due to absorption and 

reflection is frequency-dependent. As observed from the slope 

of SEA and SER curve from Figs. 6(a) and 6(b), in both types 

of tapes, the attenuation due to absorption increases with 

increasing frequency, but the attenuation by reflection 

increases with increasing frequency in the case of L-Al-L tape 

and reverse trend observed in case of L-Ni-L tape.  

The magnetic radiation at higher frequency has lower 

wavelength and it is reflected by Al due to its electrical 

conductivity that is higher than Ni. The EMI shielding  

 
Fig. 6 Electromagnetic shielding effectiveness of LLDPE laminated Aluminum and Nickel foil composite tapes and LLDPE film in 

X-band; (a) SER, SEA & SET of L-Al-L tape, (b) SER, SEA & SET of L-Ni-L tape, (c) SER, SEA & SET  of L-Al-L-Ni-L tape and (d) 

SET of LLDPE film, L-Al-L, L-Ni-L & L-Al-L-Ni-L tapes.
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Fig. 7 Schematic EMI shielding mechanism for the LLDPE/Al composite. 

 

mechanism in the prepared composites is shown in Fig. 7. The 

magnetic property of the Ni foil and its lower conductivity 

compared to Al foil synergistically influence on absorption 

mechanism of L-Ni-L tape. The total shielding effectiveness 

slightly decreases with increasing frequency in both types of 

tapes. 

Similarly, Fig. 6(c) represents the attenuation of EM waves 

due to reflection (SER) and absorption mechanism (SEA) and 

total shielding effectiveness (SET) in the X-band frequency 

range of L-Al-L-Ni-L hybrid tape. The observed attenuation 

due to absorption increases with increasing frequency, and a 

reverse trend is noticed in the reflection mechanism like L-Ni-

L tape. However, the increase in the absorption as an increase 

in the frequency is comparatively more in L-Al-L-Ni-L tape 

than in L-Ni-L tape. It is found to have a higher slope of the 

SEA curve in Fig. 6(c) compared to the SEA curve in Fig. 6(b). 

This is due to the synergetic contribution of the high electrical 

conductivity of Aluminum foil and the high magnetic 

permeability of Nickel foil in the hybrid tape. The hybrid tape 

shows a shielding effectiveness of 45 dB, which is higher than 

that of L-Al-L and L-Ni-L tapes. However, the average 

shielding by absorption remains the same at around 65.5 % 

(refer to Figs. 6(a) and 6(b)). Although to the best of our 

knowledge, there hardly exists in the literature on the exact 

EMI shielding composite of the present work, a brief 

comparison of a similar line of works has been carried out. The 

comparison is given in Table 3. It is noted that the sample 

thickness in the current work is in the order of a few microns 

compared to the millimeter scale of the other works. Hence, 

the achieved EMI shielding appears to be appreciated. 

Figures 8(a) and (b) show the average shielding percentage 

due to absorption and reflection and the average shielding 

effectiveness of the tapes, respectively. The average shielding 

effectiveness of L-Al-L and L-Ni-L tape is 34.8 dB with 59 % 

absorption and 37 dB with 65% absorption, respectively. The 

results found that the L-Ni-L tape shows slightly higher  

Table 3. EMISE results of various similar works in the literature. 

Matrix Filler Filler 

concentration 

Sample 

thickness 

EMISE 

(dB) 

Frequency 

(GHz) 

Reference 

PMMA GNP/Ni 20 ,30& 40 wt.% 0.83 mm 

each layer (3 

layers) 

61 8-12 [6] 

Wax GNP/Ni 30wt.% 0.7 mm 40 8-12 [7] 

LLDPE GNP10 50 wt.% 2.5 mm 33.8 8-12 [4] 

GNP100 37 

PC GNP 0-6 wt.% in steps 

of 0.5 wt.% 

0.5 mm 

2 mm 

31.7 

47.2 

8-12 [8] 

PVDF Graphene 15wt.% 20 m 47  8-12 [9] 

PMMA Graphene 20 wt.% 2 mm 21  [10] 

PVC Graphene  2 mm 31  

LLDPE+5GNPs Al - 162 m 34.8  

8-12 

Present work 

Ni 250 m 37 

Al-Ni 337 m 45 
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Fig. 8 (a) Average percentage of shielding due to absorption and reflection (b) Average total shielding effectiveness of the L-Al-L, 

L-Ni-L, and L-Ni-L-Al-L tapes. 

 

absorption due to the high magnetic permeability of nickel; 

due to better electrical conductivity, the L-Al-L tape shows 

higher reflection. However, the L-Al-L tape is low-cost, thin, 

flexible, and easy to wrap around the cable while processing. 

From Table 4, it is evident that the present work has better 

absorption per unit thickness compared to published works. 

However, L-Al-Ni is a better candidate for cable shielding 

application due to its mechanical strength, flexibility, and low 

cost. 

Table 4. Comparison of the recently reported EMI shielding 

similar works in the X-band. 

Samples 
Thickness 

(d) mm 

SE 

(dB) 

SEA 

dB 

SEA/d 

dB/mm 
Reference 

NPF 0.489 93.8 72.2 147.64 [19] 

Ni chains/a-

PSAs 
0.18 39.97 25.75 143.05 [26] 

1.5-DBSA-

BF 
0.4 37.72 30 75 [27] 

BF/PANI 0.4 28.8 21.5 53.75 [28] 

NaCF/PANI 0.4 48.83 40.47 101.17 [29] 

L-Al-L 0.162 35 21 129.62 
Present 

work 
L-Ni-L 0.250 37 26 104 

L-Ni-L-Al-L 0.337 45 28 83.08 

 

4. Conclusion 

Three types of EM wave shielding tapes are prepared using 

Aluminum, and Nickel foil laminated with LLDPE and found 

that the average total shielding effectiveness of L-Al-L-Ni-L 

is 45 dB, L-Ni-L is 37 dB, and L-Al-L is 35 dB in the X-band 

frequency range. All the tapes have shown that absorption is 

higher than reflection and are suitable to use in the X-band 

frequency range. However, the L-Al-L tape is attractive due to 

its low cost, thin, more flexible, and easier to wrap around the 

cable while processing. 
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