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4.1    Introduction 

Bandwidth of an absorber can be enhanced by augmenting number of layers 

without appreciable increase on the total thickness of the absorbing 

structure [1-6]. Multilayering reduces reflection, by progressively profiling the 

impedance from that of free space to a lossy medium [7-9]. Controlling the 

magnetic and dielectric loading of individual layers can lead to enhanced 

absorption bandwidth. Double layer microwave absorber reported in shows 

improvement in matching condition and hence in absorption bandwidth.  

The first multilayer absorber reported was the Jaumann absorber, where 

alternate resistive sheets were spaced a quarter wavelength apart by uniform air 

gaps increasing the bandwidth over the Salisbury single resistive sheet [10, 11]. 

The bandwidth could be further enhanced by modifying the magnetic and 

dielectric properties of the layers so as to customize the effective admittance [12].  

Two different multilayer structures are designed and studied - (i) a 

conventional double-layer microwave absorber and ii) a triple layer structure 

where a dielectric layer is sandwiched between two magneto-dielectric layers. The 

-10 dB absorption bandwidth studies carried out on single layer absorbers in the 

previous chapters of the three compositions are given in table 3.6, section 3.4.2. 

60 wt. % of SrFe12O19-LLDPE and SrCo0.8Fe11.2O19-LLDPE composites show 

better absorption than 60 wt. % SrAl2Fe10O19-LLDPE and are used as the two 

magneto-dielectric layers. Transmission line model (TL model) is used to estimate 

the absorption properties of the structures for different thicknesses and to identify 

the combination of thickness which is likely to result in the maximum absorption. 

Based on these estimations, the multilayer structures are fabricated with different 

thickness combinations and their absorption performance evaluated 

experimentally. 

4.2  Double layer absorber  

4.2.1 Design of a double layer absorber  

The schematic diagram of a conductor backed two layer absorber is shown 

in figure 4.1.  
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Reflection loss (RL) estimated using TLM is given by 

𝑅𝐿 (𝑑𝐵) = 20 log |
𝑍𝑖𝑛−𝑍0

𝑍𝑖𝑛+𝑍0
|                                                                      (4.1) 

where, Zin  is the input impedance of the transmission line given by 

𝑍𝑖𝑛 = 𝜂𝑖
𝑍𝑖−1+𝜂𝑖 tanh 𝛾𝑖𝑡𝑖

𝜂𝑖+𝑍𝑖−1 tanh 𝛾𝑖𝑡𝑖
                                                                           (4.2) 

Here, 𝜂2 = 𝜂0√𝜇𝑟𝑖
𝜀𝑟𝑖

⁄ is the intrinsic impedance of the 2nd layer, 𝛾𝑖 =

𝑗
2𝜋𝑓

𝑐 √𝜀𝑟𝑖
𝜇𝑟𝑖

 being the propagation constant, r (r=𝜀𝑟
′ − 𝑗𝜀𝑟

′′), r (μr=𝜇𝑟
′ − 𝑗𝜇𝑟

′′ ) are 

the complex permittivity and complex permeability respectively, t1 and t2 the 

thickness of the absorbing layers 1 & 2 respectively and Z0 the characteristic 

impedance of free space. The input impedance at the air absorber interface, Z2, 

and the reflection loss of a two layer absorber is given by [13, 14]  

𝑍2 = 𝜂2
𝜂1 tan ℎ 𝛾1𝑡1+𝜂2 tan ℎ 𝛾2𝑡2 

𝜂2+𝜂1 tan ℎ (𝛾1𝑡1)  tan ℎ (𝛾2𝑡2)
                                                         (4.3)  

𝑅𝐿 =
|
|

√𝜇𝑟2 𝜀𝑟2
⁄ [

√𝜇𝑟1 𝜀𝑟1
⁄ tan ℎ (𝑗

2𝜋𝑓
𝑐

)√𝜇𝑟1𝜀𝑟1𝑡1+√𝜇𝑟2 𝜀𝑟2
⁄ tan ℎ (𝑗

2𝜋𝑓
𝑐

)√𝜇𝑟2𝜀𝑟2𝑡2

√𝜇𝑟2 𝜀𝑟2
⁄ +√𝜇𝑟1 𝜀𝑟1

⁄ tan  ℎ(𝑗(
2𝜋𝑓

𝑐
)√𝜇𝑟1𝜀𝑟1𝑡1) tan  ℎ(𝑗(

2𝜋𝑓
𝑐

)√𝜇𝑟2𝜀𝑟2𝑡2)
]−1

√𝜇𝑟2 𝜀𝑟2
⁄ [

√𝜇𝑟1 𝜀𝑟1
⁄ tan ℎ (𝑗

2𝜋𝑓
𝑐

)√𝜇𝑟1𝜀𝑟1𝑡1+√𝜇𝑟2 𝜀𝑟2
⁄ tan ℎ (𝑗

2𝜋𝑓
𝑐

)√𝜇𝑟2𝜀𝑟2𝑡2

√𝜇𝑟2 𝜀𝑟2
⁄ +√𝜇𝑟1 𝜀𝑟1

⁄ tan  ℎ(𝑗(
2𝜋𝑓

𝑐
)√𝜇𝑟1𝜀𝑟1𝑡1) tan  ℎ(𝑗(

2𝜋𝑓
𝑐

)√𝜇𝑟2𝜀𝑟2𝑡2)
]+1

|
|
    (4.4) 

The reflection loss is first computed using the equation (4.4) and thereafter, 

measured to compare with the computed values.                                    

  4.2.2 Absorption studies of the double layer structure 

The double layer structure consists of the ferrite compositions which are 

given in the table 4.1. 
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Figure 4.1: Schematic of double layer microwave absorber 
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Table 4.1: Selection of ferrite-LLDPE nanocomposites for double layer design combinations  

Theoretical computation of reflection loss of the double layer structure is 

studied with optimized thickness. Based on the theoretical results, a double layer 

metal backed absorber is fabricated and tested for microwave absorption over the 

X-band. 

 

 

 

Figure 4.2: Schematic of conductor backed double layer absorber structure 

Computed microwave absorption 

The microwave absorption of the double layer absorbing structure is 

computed using TL Model.  

 

 

 

 

 

Double layer combination of AB layers having air-absorber interfacing layer 

as B, i.e., layer 1 as SrFe12O19-LLDPE composite and layer 2 as 

SrCo0.8Fe11.2O19-LLDPE composite and another combination as BA where A is the 

air-absorber interface layer. 

Ferrite composition Designation 
Resonant 
frequency 

fr (GHz) 

Max. 
absorption 

at fr (dB) 

-10 dB bandwidth 
(GHz) 

60 wt.%,  
SrFe12O19-LLDPE 

A 10.5 -22.0 
3.36  

 (8.53-11.89 GHz) 

60 wt.%, 
SrCo0.8Fe11.2O19-LLDPE 

B 9.3 -23.2 
3.56 

(8.84-12.4 GHz) 

  

SrFe12O19-LLDPE 

composite (A)  SrCo0.8Fe12O19-LLDPE 

composite  PEC 

Layer 1 (A) 

Layer 2 (B) 

(a) 

 

(b) 

 
Figure 4.3: Plots of RLc of conductor backed double layer absorber structure (a) AB (b) BA 
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 Keeping the total thickness of the absorber as: 

𝑡 = 𝑡1 + 𝑡2 = 3 𝑚𝑚                                                                            (4.5) 

optimization of different compositions and the thicknesses of composite layers 

have been carried out to obtain the minimum value of reflection loss (RLc) and 

absorption over the X-band. The thickness of cobalt and aluminium substituted 

strontium ferrite composite samples were optimized for broad -10 dB bandwidth 

using transmission line model (TL model) for different thickness (Table 3.5 and 

Table 3.6, chapter III). It was found that in most of the results 3 mm sample 

thickness gave the best results also satisfying the condition of destructive 

interference at a particular frequency (t= /4). However, for some of the samples 

with thickness > 3 mm also showed similar absorption results along with the 

3 mm samples. For better comparison among all the fabricated prototypes both 

single and multilayer, the total thickness of multilayered structure was kept same. 

The individual thickness of layers t1 and t2 is varied for different combinations for 

a step size of 0.5 mm confirming to equation (4.5). The minimum thickness of the 

individual layer is kept at 0.5 mm considering the fabrication limits of the 

absorber layer. Using equation (4.2) and the measured values of complex 

permittivity and permeability, RLc of the conductor backed double layer absorber 

is computed. Figure 4.3 shows the plots of RLc with different design combinations 

and layer composition which is detailed in table 4.2. 

Table 4.2: RLc with -10 dB calculated absorption bandwidth (BWc) values 

Absorber 

structures 

Thickness (t) of 
individual layers (mm) 

Maximum RL and 
corresponding frequency 

Bandwidth (GHz) 

t1 t2 RLc (dB) fr  (GHz) -10 dB BWc  -20 dB BWc  

AB 

0.5 2.5 -42.98 11.14 4.20 3.78 

1.0 2.0 -26.59 9.71 4.20 2.43 

1.5 1.5 -46.05 11.14 4.20 3.78 

2.0 1.0 -32.55 11.14 4.20 3.53 

2.5 0.5 -48.04 11.14 4.20 3.78 

BA 

0.5 2.5 -21.73 9.71 3.86 - 

1.0 2.0 -21.18 9.71 3.78 -  

1.5 1.5 -21.37 9.71 3.78 - 

2.0 1.0 -26.17 11.39 4.12 2.85 

2.5 0.5 -36.10 11.22 4.20 3.36 
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From the optimization carried out for the absorber structures, the 

combinations with the highest bandwidths are selected for fabrication and testing 

which are highlighted in table 4.2. 

The prepared hexagonal ferrite powder of composition SrFe12O19 and of 

composition SrCo0.8Fe11.2O19, are mechanically blended with LLDPE powder to 

obtain a homogeneous mixture with weight percentage of 60. The mixture of 

SrFe12O19-LLDPE is then put in a three-piece die-mould which is initially heated 

up to 90˚C. A pressure up to 36.0 MPa is applied and is isothermally heated upto 

110˚C and kept for a duration of 45 minutes. Thereafter, the mixture of 

SrCo0.8Fe11.2O19-LLDPE is put on top of the first layer in the die-mould and is 

cured for the same pressure at 110˚C for 45 minutes. The die-mould is cooled at 

room temperature. 

Measured microwave absorption  

The fabricated sample is placed inside an X-band sample holder (WR-90 

X11644A) terminated by a metal plate (short). The measured reflection loss (RLm) 

values of the fabricated samples are plotted in figure 4.4. 

 

 

 

 

 

 

 

 

From the graphs, it is observed that for the combination of t1 = 0.5 and t2 = 2.5, the 

reflection loss is maximum for the layer combination of AB which is also seen 

from the theoretical computations.  

 

 

  

(a) 

 

(b) 

 
Figure 4.4: Measured reflection loss (RLm) of fabricated conductor backed double layer absorber 

structure (a) AB (b) BA (figure 4.2) 
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Table 4.3: Measured reflection loss (RLm) with absorption bandwidth (BWm) values 

Absorber 
structures 

t1 t2 
RLm 
(dB) 

fr1  
(GHz) 

fr2  
(GHz) 

-10 dB BWm 
(GHz) 

AB 

0.5 2.5 -21.92 9.79 --- 2.69 

1.5 1.5 -30.18 9.63 --- 2.02 

2.5 0.5 -24.40 9.10 10.80 3.69 

BA 
2.0 1.0 -18.69 11.22 --- 1.34 

2.5 0.5 -18.61 11.47 --- 1.93 

A maximum reflection loss of -24.4 dB and -10 dB absorption bandwidth of 

3.69 GHz (8.45-12.14 GHz) is obtained (Figure 4.4 (a)). It is seen that for the 

combination t1=2.5 mm and t2 = 0.5 mm, double absorption peaks are observed. 

Since the permittivity of the second layer  is greater than the first layer over the 

X-band (Figure 2.13 and 3.12), the incident EM wave when passing from layer 1 

to layer 2 experiences some impedance discontinuity because of difference in the 

permittivity values. Hence, a part of the em wave will get reflected back from the 

layer 1and 2 interface. From the studies conducted on the reflection loss of 

60 wt. % SrFe12O19-LLDPE (Figure 2.18 (b)), it is seen that the reflected wave 

emerging from the interface nearly satisfies λ/4 condition for destructive 

interference, for a thickness of 2.5 mm giving calculated reflection loss of 

-40.4 dB at resonant frequency (fr) of 12.1 GHz. The reflected wave emerging 

from the layer 1 and 2 interface and that from the overall double layer structure 

couples together to give double absorption peak and broad -10 dB bandwidth. No 

significant increase in the reflection loss values and in absorption bandwidth is 

observed for the layer combination of BA (Figure 4.4 (b)). The frequency of 

maximum peak of measured and calculated minimum reflection loss shows close 

proximity. However, the experimental reflection loss values are lower than the 

theoretical reflection loss value for all the combinations as seen from table 4.3. 

Table 4.4 presents absorption performance of some of the reported works on 

double layer absorbers in X-band, along with the present work. 
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Table 4.4: Comparison of microwave absorbing properties of reported double-layer 
absorbers  

Material composition t (mm) 
Max RL (dB) 

-10 dB bandwidth 
(GHz) 

Theor. Exp. Theor. Exp. 

BaCo0.8Ti0.8Mn0.1Fe10.27O19, 

(Ba(MnTi)1.6Fe8.8O19 in epoxy 

resin [14] 

1.0 - -13.00  - 1.50 

BaCo0.4Zn1.6Fe16O27ferrite and 

carbonyl iron powder in epoxy 

resin  [15] 

2.3 

 

-55.40  

 
- 

5.2 

 
- 

BaZn0.6Zr0.3Ti0.3Fe10.8O19, 

BaZn0.6Zr0.3Ce0.3Fe10.8O19, 

BaZn0.6Zr0.3Sn0.3Fe10.8O19 

in rubber and epoxy resin [16 ] 

5.0  - -10.80 - 1.2  

Present work 3.0 -48.04 -24.40 4.2 3.69 

4.3  Sandwich layer absorber  

A three layer structure comprising of a dielectric layer sandwiched between 

two magneto-dielectric layers. The schematic of the proposed absorber structure is 

given in figure 4.5 (a & b). One of the two magneto-dielectric layers is perfect 

electric conductor (PEC) backed while the other acts as a matching mechanism at 

the air-absorber interface. The material property of the sandwitched layer can 

effectively control the impedance of the air absorber interface, attenuation of the 

EM wave and thickness of the absorber. With a proper choice of material for the 

outer layers and the sandwitched layer, a wide absorption bandwidth can be 

achieved. EM wave incident at the air-Layer 3 interface penetrates into 

Layer 3 (A) and attenuates through the three layers reaching the PEC, getting 

reflected and again attenuates through the layers reaching the air-Layer 3 

interface. This process repeats resulting in multiple reflections leading to 

enhanced absorption. Use of magneto-dielectric material as Layer 1 (B) with both 

dielectric and magnetic loss effectively attenuates the wave within the 

structure [17, 18]. A dielectric layer (Layer 2) between the two magneto-dielectric 

layers improves matching. In addition, the complex permittivity of the dielectric 

layer can be adjusted by adding expanded graphite (EG) [1]. A high value 

dielectric layer reduces overall thickness of the absorber and increases attenuation. 
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Here, the use of the same matrix (LLDPE) in all the three layers aids in the 

fabrication process due to easier adhesion between layers. 

Transmission line model is used to estimate the absorption properties of the 

three layer structure for different thicknesses and to identify the combination of 

thickness. Based on these estimations, the multilayer structures are fabricated with 

different thickness combinations and their absorption performance evaluated 

experimentally. 

 

 

 

 

   

 

 

 

 
 
 
 
 
              Figure 4.5: Triple layer sandwiched absorber:  

               (a) LLDPE as Layer 2 (b) EG-LLDPE as Layer 2 (c) Fabricated composites 

4.3.1 Design of a sandwiched layer absorber using transmission line model  

The sandwiched microwave absorber is designed using the principles of 

multilayer absorber. Reflection loss (RL) is estimated using TLM; 

𝑅𝐿(𝑑𝐵) = 20 log |
𝑍𝑖𝑛−𝑍0

𝑍𝑖𝑛+𝑍0
|                                                                    (4.6) 

where, Zin  is the input impedance of the transmission line given by 

 𝑍𝑖𝑛 = 𝜂𝑖
𝑍𝑖−1+𝜂𝑖 tanh 𝛾𝑖𝑡𝑖

𝜂𝑖+𝑍𝑖−1 tanh 𝛾𝑖𝑡𝑖
                                                                       (4.7) 

Here, 𝜂𝑖 = 𝜂0√𝜇𝑟𝑖
𝜀𝑟𝑖

⁄ is the intrinsic impedance of the ith layer, 𝛾𝑖 = 𝑗
2𝜋𝑓

𝑐 √𝜀𝑟𝑖
𝜇𝑟𝑖

 

being the propagation constant, f the microwave frequency, r (r=𝜀𝑟
′ − 𝑗𝜀𝑟

′′), 

(c) 

 

SrCo0.8Fe11.2O19-LLDPE composite (B) 

                       (a)                                                                                          (b)                                                                                

  Incident wave       Reflected wave 
         Incident wave         Reflected wave 

SrFe12O19-LLDPE composite (A)  Layer 3 

Layer 2 

Layer 1 

PEC 

LLDPE/ EG-LLDPE (S) 
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r (μr=𝜇𝑟
′ − 𝑗𝜇𝑟

′′ ) are the complex permittivity and complex permeability 

respectively, ti the thickness of the ith (i = 1, 2, 3…) constituent layer and Z0 the 

characteristic impedance of free space. For a three layer absorber [19, 20], 

equivalent input impedance and the reflection loss of the absorber is given by; 

𝑍𝑖𝑛 = 𝑍3 = 𝜂3 [
𝜂2

𝜂1 tanh 𝛾1𝑡1+𝜂1 tanh 𝛾2𝑡2
𝜂3+𝜂1 tanh 𝛾1𝑡1 tanh 𝛾2𝑡2

+𝜂3 tanh 𝛾3𝑡3

𝜂3+𝜂2
𝜂1 tanh 𝛾1𝑡1+𝜂1 tanh 𝛾2𝑡2
𝜂2+𝜂1 tanh 𝛾1𝑡1 tanh 𝛾2𝑡2

tanh 𝛾3𝑡3

]                             (4.8) 

𝑅𝐿𝑐 = 20𝑙𝑜𝑔 |
|

𝜂3

𝜂2
𝜂1 𝑡𝑎𝑛ℎ 𝛾1𝑡1+𝜂2𝑡𝑎𝑛ℎ 𝛾2𝑡2  

𝜂3+𝜂1 𝑡𝑎𝑛ℎ (𝛾1𝑡1)𝑡𝑎𝑛ℎ (𝛾2𝑡2)
+𝜂3𝑡𝑎𝑛ℎ 𝛾3𝑡3  

𝜂3+𝜂2
𝜂1 𝑡𝑎𝑛ℎ 𝛾1𝑡1+𝜂2𝑡𝑎𝑛ℎ 𝛾2𝑡2  

𝜂2+𝜂1 𝑡𝑎𝑛ℎ (𝛾1𝑡1)𝑡𝑎𝑛ℎ (𝛾2𝑡2)
𝑡𝑎𝑛ℎ 𝛾3𝑡3

−𝜂0 

𝜂3

𝜂2
𝜂1 𝑡𝑎𝑛ℎ 𝛾1𝑡1+𝜂2𝑡𝑎𝑛ℎ 𝛾2𝑡2  

𝜂3+𝜂1 𝑡𝑎𝑛ℎ (𝛾1𝑡1)𝑡𝑎𝑛ℎ (𝛾2𝑡2)
+𝜂3𝑡𝑎𝑛ℎ 𝛾3𝑡3  

𝜂3+𝜂2
𝜂1 𝑡𝑎𝑛ℎ 𝛾1𝑡1+𝜂2𝑡𝑎𝑛ℎ 𝛾2𝑡2  

𝜂2+𝜂1 𝑡𝑎𝑛ℎ (𝛾1𝑡1)𝑡𝑎𝑛ℎ (𝛾2𝑡2)
𝑡𝑎𝑛ℎ 𝛾3𝑡3

+𝜂0

|
|                  (4.9) 

where, 𝜂1 = 𝜂0√𝜇𝑟1 ∕ 𝜀𝑟1, 𝜂2 = 𝜂0√𝜇𝑟2 ∕ 𝜀𝑟2, 𝜂3 = 𝜂0√𝜇𝑟3 ∕ 𝜀𝑟3, 𝛾1 = 2𝜋𝑓𝑐) √𝜇𝑟1𝜀𝑟1 

, 𝛾2 =  𝑗(2𝜋𝑓 ∕ 𝑐)√𝜇𝑟2𝜀𝑟2 ,   𝛾3 = 𝑗(2𝜋𝑓 𝑐⁄ )√𝜇𝑟3𝜀𝑟3 . 

The layer 1 with thickness t1 and material parameter 𝜀𝑟1 , 𝜇𝑟1, 𝜂1, 𝛾1 is the 

interface layer, layer 2 with thickness t2 and material parameter 𝜀𝑟2 , 𝜇𝑟2, 𝜂2, 𝛾2 is 

the sandwiched layer and layer 3 with thickness t3 and material parameter 

𝜀𝑟3 , 𝜇𝑟3, 𝜂3, 𝛾3 is in vicinity to the metal plate. Thus, material properties and the 

thicknesses (t1, t2 and t3) of the layers are prime factors which influence the 

absorption. 

The complex permittivity and complex permeability values of EG-LLDPE 

composites and LLDPE are measured and is given in table 4.5.  

Table 4.5: Complex permittivity and Complex permeability of the composites 

Material 

parameters 

                             Layer 2 (S) 

Weight 
fraction 

εr′ εr′′ µr′ µr′′ 

LLDPE 0 wt.%  2.01   0.02  0.99  0.0001 

EG-LLDPE composite 
5 wt. %  2.80  0.40  0.99  0.0001 

7 wt. %  4.80  0.90  0.99  0.0001 
8 wt. %  5.30  1.30  0.99  0.0001 

The studies of EG doped LLDPE composite is confined to 5, 7 & 8 wt. % as 

in a similar study carried out based on EG-NPR composites, a significant 

absorption bandwidth reduction is observed as EG % is increased beyond 

10 wt. % [1]. 
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4.3.2 Absorption studies of the sandwiched layer structure 

Theoretical computation of reflection loss of the sandwiched layer structure 

is studied with optimized thickness. Based on the theoretical results, a sandwiched 

metal backed absorber is fabricated and tested for microwave absorption over the 

X-band. 

Computed microwave absorption using TLM 

The thicknesses of the three layers are optimized to obtain the best 

absorption performance with the overall thickness of the sandwiched absorber 

maintained at 3 mm. Good absorption performance has been reported for a 

thickness of 3 mm in the case of single layer absorber (in the earlier chapters). The 

current work concentrates on further enhancement of absorption and bandwidth 

without increasing the absorber thickness.  

In the first structure (figure 4.5 a), Layer 1 (designated as B) is taken as 

SrFe12O19-LLDPE composite, Layer 2 (designated as S) as LLDPE layer and 

SrCo0.8Fe11.2O19-LLDPE composite as Layer 3 (designated as A) resulting in a 

structure that can be described as an ASB structure. Subsequently (figure 4.5 b), 

the layer 2 is replaced by 5 wt. %, 7 wt. % and 8 wt. % of EG-LLDPE composite, 

the complete structure is designated as AS5B, AS7B and AS8B, respectively.  

The thickness of each of the three layers A, S and B, are varied in the range 

of 0.5 mm to 2.0 mm in steps of 0.5 mm and reflection loss is calculated for each 

of the structures (figure 4.6 to 4.9). Here, only those results are included which 

show -10 dB absorption bandwidth for all the structures. 

  

Figure 4.6: Frequency vs. Computed reflection loss (RLc) plot of conductor backed triple 
layer absorber (ASB) with Layer 2 as LLDPE with t (a) 0.5 mm (b) 1.0 mm 

 

(a) (b) 
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Figure 4.7: Frequency vs. Computed reflection loss (RLc) plot of conductor backed triple layer 
absorber (AS5B) with Layer 2 as 5 wt. % of EG-LLDPE with t (a) 0.5 mm (b) 1.0 mm 

 

(a) (b) 

(a) (b) 

(c) 

Figure 4.8: Frequency vs. Computed reflection loss (RLc) plot of conductor backed triple layer 
(AS7B) with Layer 2 as 7 wt. % of EG-LLDPE with t (a) 0.5 mm (b) 1.0 mm (c) 1.5 mm 
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From table 4.6, it can be seen that samples for all the four structures 

(highlighted in the table) with A = 0.5, S = 0.5, B = 2.0 mm, show best 

performance and hence samples are fabricated with these structural dimensions. 

The sandwiched structure is prepared by laying one layer over the other. Interlayer 

adhesion is achieved by lightly pressing and curing at a temperature above the 

glass transition temperature of LLDPE. This process ensures minimal cross-layer 

contamination. 

Nanosized SrFe12O19, and nanosized SrCo0.8Fe11.2O19 powder in 60 wt. % is 

mechanically blended with sieved LLDPE powder, to obtain material composites 

for A and B layers respectively. In structure 2, for S layer, EG is blended with 

LLDPE powder. The bottom of a rectangular mould of standard X-band 

waveguide cross section dimension (10.38 mm x 22.94 mm) is first layered with 

SrFe12O19-LLDPE composite Layer A upto the required thickness and cured at 

(b) (a) 

  

  
(c) (d) 

Figure 4.9: Frequency vs. Computed reflection loss (RLc) plot of conductor backed 

triple layer absorber (AS8B) with Layer 2 as 8 wt. % of EG-LLDPE with t 

(a) 0.5 mm (b) 1.0 mm (c) 1.5 mm (d) 2.0 mm 

 

(a) (b) 
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90˚C with a constant pressure of 36.5 MPa for 40 minutes. LLDPE or EG-LLDPE 

composite which is then used to obtain the required thickness for layer S on top of 

the A layer and again cured at the same temperature, pressure and duration as is 

done for A layer. Finally the last layer, SrCo0.8Fe11.2O19-LLDPE composite is 

added as B layer and the curing process is carried out at a temperature of 110˚C 

with the same pressure and duration. 

Table 4.6: Computed Reflection loss (RLc) and Banwidth (BWc) using TL model 

Absorber 

composition 

(figure 4.5) 

Thickness (t) of 
individual layers 

(mm) 

Maximum RL and 
corresponding frequency 

Bandwidth (GHz) 

A S B RLc (dB) fr (GHz) -10 dB BWc -20 dB BWc 

ASB 

0.5 0.5 2.0 -42.21 11.14 4.2   3.60 

1.0 0.5 1.5 -37.83 11.14 4.2 3.45 

1.5 0.5 1.0 -28.67 11.47 4.2 3.03 

0.5 1.0 1.5 -35.23 11.14 4.2 3.19 

1.0 1.0 1.0 -26.25 12.23 4.2 1.43 

AS5B 

0.5 0.5 2.0 -43.36 11.14 4.2    3.53 

1.0 0.5 1.5 -39.11 11.14 4.2 3.44 

1.5 0.5 1.0 -30.36 11.47 4.2 3.11 

0.5 1.0 1.5 -36.46 11.14 4.2 3.11 

AS7B 

0.5 0.5 2.0 -42.75 11.14 4.2 3.61 

1.0 0.5 1.5 -41.21 11.14 4.2 3.53 

1.5 0.5 1.0 -31.21 11.47 4.2 3.36 

2.0 0.5 0.5 -23.62 11.47 4.2 0.59, 0.59 

0.5 1.0 1.5 -38.01 11.14 4.2 3.44 

1.0 1.0 1.0 -32.04 11.14 4.2 3.19 

0.5 1.5 1.0 -30.56 11.14 4.2 3.02 

AS8B 

0.5 0.5 2.0 -42.94 11.14 4.2 3.63 

1.0 0.5 1.5 -42.54 11.14 4.2    3.61 

1.5 0.5 1.0 -35.20 11.14 4.2 3.44 

2.0 0.5 0.5 -25.54 11.47 4.2 1.76, 0.92 

0.5 1.0 1.5 -39.20 11.14 4.2 3.44 

1.0 1.0 1.0 -35.62 11.14 4.2 3.36 

1.5 1.0 0.5 -27.47 11.47 4.2 3.11 

0.5 1.5 1.0 -33.94 11.14 4.2 3.19 

1.0 1.5 0.5 -28.01 11.14 4.2 3.02 

0.5 2.0 0.5 -27.38 11.14 4.2 2.52 

 

Measured microwave absorption  

The prepared sample is removed from the die-mould and placed next to a 

terminating metal back of length 97.8 cm and thickness 0.03 mm. The RLm values 

and the percentage absorption of the fabricated samples as a function of frequency 
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are plotted in figure 4.10 (a-d). The percentage absorption is calculated using the 

following formula, 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (%) = 100 [1 − 10
𝑅𝐿 (𝑑𝐵)

10 ]. 

 

 

 

 

 

 

 

 

 

 

 

The measured results demonstrate the role of impedance matching on the 

overall absorption performance of the developed absorbers. In figure 4.9 (a-d), it 

is seen that AS8B structure enhances absorption among all the four structures. 

This may be due to attenuation of the wave which can be attributed to better 

impedance match at the air-absorber interface and multiple reflections within the 

structure having relatively similar material parameters as compared to the other 

three. The measured reflection loss plots also exhibit prominent absorption peaks, 

indicating maximum microwave absorption occurring at the matching thickness, t, 

of the multilayer structure. As the EG percentage is increased from zero (i.e., only 

  

  

(a) (b) 

(c) (d) 

Figure 4.10: Frequency vs. Measured reflection loss (RLm) plot & percentage absorption plots of 
fabricated triple layer sandwich absorber (a) ASB (b) AS5B (c) AS7B (d) AS8B 
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LLDPE) to 8 %, initially the -10 dB absorption bandwidth decreases when EG 

increases from 0 to 5 % and subsequently increases with increasing EG % 

reaching a maximum for 8 %. 

It is noteworthy that the performance of sandwiched structure with LLDPE 

as the middle layer shows a wide -10 dB bandwidth of 3.7 GHz as compared to 

AS5B and AS7B. This could be possibly because of low complex permittivity 

value of LLDPE (Table 4.4), which is relatively close to air. As the incident EM 

wave after passing through layer A, approaches the LLDPE layer, the wave 

experiences a moderately high impedance mismatch and hence most of the 

incident power gets reflected. The reflected wave emerging from the A-S interface 

nearly satisfies λ/4 condition for destructive interference, thereby resulting in a 

higher bandwidth. In the other structures, i.e., AS5B and AS7B, it is seen that 

when the percentage of EG is increased from zero, the permittivity of the layer 

increases, thereby allowing the wave to enter the middle layer where it gets further 

attenuated. With 8 wt. % of EG-LLDPE composite, three resonant peaks of 

~-15 dB is observed. Reflection loss of -15.5 dB at 8.45 GHz, -32.3 dB at 

10.0 GHz and -16 dB at 11.6 GHz with -10 dB absorption bandwidth of 4.03 GHz 

covering almost the entire X-band is obtained. The -20 dB bandwidth for the same 

structure is 0.67 GHz. When the performance of sandwiched structures is 

compared with the double layer structures, it is seen that reducing the thickness of 

the ferrite layers and by loading the gap with dielectric layers improves the 

absorption performance. The performance comparison of the absorber structures is 

given in table 4.7.  

Table 4.7: Experimental (BWm) and theoretical (BWc) absorption bandwidth of the 
fabricated sandwich structures 

Absorber 
structures 

Bandwidth (GHz) 

-10 dB BWc  -20 dB BWc  -10 dB BWm -20 dB BWm 

ASB 4.2 3.60 3.70 0.34 
AS5B 4.2 3.53 2.60 -- 
AS7B 4.2 3.61 3.53 -- 
AS8B 4.2 3.63 4.03 0.67 

4.4 Conclusion 

A double layered absorber is studied and fabricated. An improvement in 

reflection loss by 4.91% and the absorption bandwidth by 3.5% as compared to 

the single layer absorber is achieved. Three layered sandwiched absorbing 
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structures are designed and fabricated by sandwiching a dielectric layer in 

between two magnetic layers. Appropriate permittivity values of the Layer 2 (S) 

aids in enhanced of attenuation of the incident wave, thus improving absorption 

performance of the absorber. The absorber structure is also compact as air which 

is generally used is replaced by a dielectric layer. A -10 dB bandwidth in excess of 

2 GHz is observed in all the structures. When the permittivity of the Layer 2 (S) 

matches with the other two layers, the wave attenuation increases as does the 

-10 dB absorption bandwidth, which covers almost the entire X-band. 
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