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Abstract 

The goal of this work is to examine radar absorbing material (RAM); which -in the simplest case- is composed of a single metal-

packed coating layer, reflectivity (R) through a frequency (f) range from 0.5 GHz to 40 GHz; this range covers applications of 

long-range radar, missile detection, surface target tracking, and airborne precision ground radars. Variation of nonmagnetic, 

homogeneous, and non-dispersive RAM R is reformed to facilitate calculations. Effect of dielectric parameters; permittivity and 

permeability (ϵ and μ) on R for one layer-metal-packed RAM with two different thicknesses (they influence the electromagnetic 

wave absorption due to attenuation and matching models) are given. Electromagnetic interference shielding effectiveness 

(EMISE) which characterises the behaviour of a material depends on material conductivity (σ), relative permittivity (ϵ_r) and 

relative permeability (μ_r). reflection loss (R), absorption loss (A), and internal loss (M) for one and two layers located between 

two semi-infinite free space media are derived. Attenuation (α) variations with f, ϵ, μ, and layer thickness for single and double 

layers are examined. Results indicate that most waves are reflected from inside interfaces of RAM also high conductivity, high 

permeability, and increasing thickness are necessary to configure good absorbent. Calculations and graphs are carried on using 

MATLAB R2013a. 

Keywords 

Radar Absorbing Material, Electromagnetic Shield, Attenuation, Loss 

 

1. Introduction 

A great challenge is to force targets to be invisible to enemy 

radars, this can be achieved by reducing radar cross section 

(RCS), four techniques can reduce RCS are shaping, RAM, 

passive cancellation, and active cancellation [1]. 

The simplest RAM structure composed of a single metal-

packed coating layer (Figure 1), to enhance minimum reflec-

tivity, the effects of all loss mechanisms can be lumped by 

refractive index or permittivity (𝜖) and permeability (𝜇) of 

the material, all of them can be complex [2]. RAM converts 

radar wave energy into heat causing loss and/or scattering it 

back to free space [3]. To achieve considerable attenuation of 

radar waves, 𝜖 and 𝜇 must be large which is tempered with 

the fact that large values of 𝜖 and 𝜇 would result in a large 
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reflection coefficient [4]. RAM thickness influences the elec-

tromagnetic wave absorption due to attenuation and matching 

models [5]. 

The present work selects the operating frequency band to 

cover applications of long-range radar, missile detection, sur-

face target tracking, and airborne precision ground radars, 

these applications demand a spectrum of 0.5 GHz to 40 GHz, 

more details are given [6-10]. 

Starting by initializing varying |𝜖| with electric loss angle 

𝛿𝑒 = 𝜋 9⁄  and constant RAM thickness, assuming common 

dielectric materials used for absorbers, such as foams, plastics 

and elastomers, these materials have no magnetic properties, 

giving them 𝜇 = 1 + 𝑗0 [11]. 

2. RAM Reflectivity 

In case of incident fields have a negative time dependence 

𝑒−𝑗𝜔𝑡  the relative dielectric properties of RAM are 

𝜀𝑟 = 𝜀𝑟
′ + 𝑗𝜀𝑟

′′ = |𝜀𝑟|𝑒𝑗𝛿𝑒            (1) 

𝜇𝑟 = 𝜇𝑟
′ + 𝑗𝜇𝑟

′′ = |𝜇𝑟|𝑒𝑗𝛿𝑚           (2) 

RAM’s relative intrinsic impedance and refractive index 

are 

𝑍𝑟 = 𝑍𝑟
′ + 𝑗𝑍𝑟

′′ = (𝜇𝑟 𝜀𝑟⁄ )1/2        (3) 

𝑁𝑟 = 𝑁𝑟
′ + 𝑗𝑁𝑟

′′ = (𝜇𝑟 𝜀𝑟)1/2        (4) 

Prime and double prime superscripts represent real (energy 

storage) and imaginary (energy loss) parts of RAM dielectric 

properties which are complex scalars, tan 𝛿𝑒 and tan 𝛿𝑚 are 

the dielectric loss tangents, they are a measure of the power 

loss in the medium. RAM wave number 𝑘 = 𝑘𝑜𝑁𝑟 , where 

𝑘𝑜 = 𝜔√𝜇𝑜𝜀𝑜 = 2𝜋 𝜆𝑜⁄  is free space wave number and 𝜆𝑜 =

𝑓 𝑐⁄  is free space wavelength, 𝑓  is the incident wave fre-

quency and 𝑐 = (𝜇𝑜𝜀𝑜)−1 2⁄  is the energy speed in free space, 

𝜇𝑜 (≈ 0.4 𝑚𝑖𝑐𝑟𝑜ℎ𝑒𝑛𝑟𝑦/𝑚)  and 𝜀𝑜(≈ 8.854 𝑝𝑖𝑐𝑜𝑓𝑎𝑟𝑎𝑑/

𝑚) are free space permeability and permittivity, 𝜔 is the ra-

dian frequency. 

The reflection coefficient of RAM backed by a perfect elec-

tric conductor (PEC) (Figure 1) is given by the stratified media 

approach [12, 13] or transmission line theory [14, 15] as: 

𝑅 =
𝑍𝑟𝑡𝑎𝑛ℎ(−𝑗𝑘𝑑)−1

𝑍𝑟𝑡𝑎𝑛ℎ(−𝑗𝑘𝑑)+1
             (5) 

𝑑 is the RAM thickness, 𝑍𝑟 is the RAM impedance normal-

ized by free space intrinsic impedance 𝑍𝑜 = (𝜇𝑜 𝜀𝑜⁄ )1/2 =

120𝜋 Ω . 𝑡𝑎𝑛ℎ  argument of (5) is assumed as - 𝑗𝑘𝑑 =

−𝑗𝑘𝑜𝑁𝑟𝑑 = 𝑘𝑜𝑑𝑁𝑟
′′ − 𝑗𝑘𝑜𝑑𝑁𝑟

′ = 𝑥 + 𝑗𝑦. 

Expressing 𝑡𝑎𝑛ℎ(𝑥 + 𝑗𝑦) =
𝑡𝑎𝑛ℎ(𝑥)+𝑗𝑡𝑎𝑛(𝑦)

1+𝑗 𝑡𝑎𝑛ℎ(𝑥)𝑡𝑎𝑛(𝑦)
 with (1-4) 

are substituted into (5) with some of trigonometric and hyper-

bolic identities utilization, the voltage reflection coefficient 

amplitude is given as: 

|𝑅| = (
𝑋1

2+𝑋2
2

𝑋3
2+𝑋4

2)
1/2

             (6) 

Phase angle of R is important in some narrowband RAM 

applications where resonant energy cancellation is used [16]. 

here, 

𝑋1 =
𝐴𝑎

𝐶
− 𝑏 − 𝑍𝑟

′′, 𝑋2 =
𝐵𝑎

𝐶
+ 𝑍𝑟

′ , 

𝑋3 =
𝐴𝑎

𝐶
+ 𝑏 + 𝑍𝑟

′ 𝑠𝑖𝑛ℎ(2𝑥), 𝑋4 =
𝐵𝑎

𝐶
+ 𝑍𝑟

′′𝑠𝑖𝑛ℎ(2𝑥) 

𝑎 = 𝑠𝑖𝑛ℎ2(𝑥) + 𝑠𝑖𝑛2(𝑦), 𝑏 = 𝑠𝑖𝑛ℎ2(𝑥) + 𝑐𝑜𝑠2(𝑦), 

𝐴 = 𝜇𝑟
′ 𝜀𝑟

′ + 𝜇𝑟
′′𝜀𝑟

′′, 𝐵 = 𝜇𝑟
′′𝜀𝑟

′ − 𝜇𝑟
′ 𝜀𝑟

′′, 

𝐶 = 𝜀𝑟
′ 2

+ 𝜀𝑟
′′2, 𝑍𝑟

′ = 𝐿𝑐𝑜𝑠(𝜃), 𝑍𝑟
′′ = 𝐿𝑠𝑖𝑛(𝜃), 

𝐿 = (
𝐴2+𝐵2

𝐶2 )
1 4⁄

, 𝜃 =
1

2
𝑡𝑎𝑛−1 (

𝐵

𝐴
) 

Eqn. (6) rather than (5) paved the way for the algorithm to 

configure minima with less round error, less iterations, and no 

discontinuities, it expresses magnitude of RAM reflectivity 

which is given in decibels as [17]. 

⌈𝑅𝑑𝐵⌉ = 20𝑙𝑜𝑔10(|𝑅|)           (7) 

 
Figure 1. One-layer RAM backed by a PEC {impedance of layer 

𝑖 (𝑍𝑖), 𝑖 = 1 − 3, 1-air, 2-RAM, 3-PEC/or air (section III)}. 

3. EMISE 

EMISE is based on its ability of attenuating incident radia-
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tion by reflection, absorption, and internal reflection mecha-

nisms (classical shielding theory) [18, 19]. The EMISE behav-

iour of a material depends on its conductivity (𝜎), 𝜀𝑟 and 𝜇𝑟 

[20]. It is defined as the ratio of transmitted energy (𝐸𝑡) and 

incident energy (𝐸𝑖) [21], the total (𝑆𝐸𝑡 ) is given [21-23]. 

𝑆𝐸𝑡(𝑑𝐵) = 𝑆𝐸𝐴 + 𝑆𝐸𝑅 + 𝑆𝐸𝑀. Consider a dielectric sheet of 

thickness 𝑑 is located between two semi-infinite free space 

media (Figure 1 with removed PEC). The transmission coef-

ficient is given [24]. 

𝑇 =
1

(1+𝑍12)(1+𝑍23)

4𝑒𝑗(𝑘2−𝑘3)𝑑

1+𝑟12𝑟23𝑒2𝑗𝑘2𝑑
           (8) 

here, 𝑟12 =
𝑍2−𝑍1

𝑍2+𝑍1
, 𝑟23 =

𝑍3−𝑍2

𝑍3+𝑍2
, substituting in (6.a) gives 

𝑇 =
4𝑍2𝑍3

(𝑍2+𝑍1)(𝑍3+𝑍2)
𝑒𝑗(𝑘2−𝑘3) 1

1+𝑟1𝑟2𝑒2𝑗𝑘2𝑑       (9) 

𝑟1 =
𝑍2−𝑍1

𝑍2+𝑍1
, 𝑟2 =

𝑍3−𝑍2

𝑍3+𝑍2
, and 𝑍𝑖 =

𝜔𝜇𝑖

𝑘𝑖
, where 𝑍𝑖 is the im-

pedance of layer 𝑖, the permeability and propagation constant 

of layer 𝑖 are 𝜇𝑖 and 𝑘𝑖 respectively. 𝑘𝑖 = 𝜔√𝜇𝑖 (𝜀𝑖 − 𝑗
𝜎𝑖

𝜔
), 

𝑆𝐸 = −20𝑙𝑜𝑔10|𝑇| = 𝑅 + 𝐴 + 𝑀        (10) 

Eqns. (9) and (10) lead to 

𝑅 = 20 𝑙𝑜𝑔10 |
(𝑍2+𝑍1)(𝑍3+𝑍2)

4𝑍2𝑍3
|          (11) 

𝐴 = 20𝑙𝑜𝑔10|𝑒𝑗(𝑘3−𝑘2)𝑑|            (12) 

𝑀 = 20𝑙𝑜𝑔10|1 + 𝑟1𝑟2𝑒2𝑗𝑘2𝑑|        (13) 

The propagation constant 𝛾 is given as [25, 26] 

𝛾2 = 𝑗𝜔𝜇(𝜎 + 𝑗𝜔𝜖)             (14) 

The attenuation constant ∝ (𝑁𝑝/𝑚) is given as 

∝= 𝜔√
𝜔𝜖

2
[√1 + [

𝜎

𝜔𝜖
]

2

] − 1         (15) 

Skin depth (𝛿) is given [27]. 

𝛿 =
1

√𝜋𝑓𝜇𝜎
=

1

𝛼
               (16) 

The total conductivity 𝜎𝑡 of RAM is given as 

𝜎𝑡 = 𝜎𝐴𝐶 + 𝜎𝐷𝐶  𝑆 𝑚−1            (17) 

𝜎𝐴𝐶  is the AC electrical conductivity 𝜎𝑎𝑐 = 𝜔𝜖𝑟
′′𝜖𝑜 , 𝜎𝐷𝐶  is 

the DC electrical conductivity 𝜎𝑑𝑐 =
𝜖𝑟

′′(𝜔𝜖𝑜−1)

𝜔𝜖𝑟
′ , when 𝑆𝐸𝑡 >

9 𝑑𝐵, 𝑆𝐸𝑀 can be neglected [28-30]. Good EMI absorption 

is achieved by impedance matching [31]. High absorbing 

shield is attractive because it decreases EM pollution [32-39]. 

4. Results 

A survey is performed among a plethora of published refer-

ences, among them references [22, 37, 38, 40-48] are selected 

to configure RAM of good contrasted 𝜖𝑟  and 𝜇𝑟  combina-

tions. 

Relatively high 𝜖𝑟 values are fed to algorithm, as this is es-

sential for enhancing absorption [49], so the algorithm varies 

|𝜀𝑟| from 1 to 20 with 𝛿𝑒 = 𝜋 9 𝑟𝑎𝑑𝑖𝑎𝑛𝑠⁄ , with (𝜇𝑟 = 1 +

𝑗0) . Figures 2 and 3 gives 𝜀𝑟
′  and 𝜀𝑟

′′  versus 𝐑𝐝𝐁 (𝑑 =

2 𝑚𝑚 ). minimum 𝑅 occurs at 10 GHz, (Figures 2 and 3). 

Figure 4 and 5 shows complex 𝜖𝑟  versus 𝐑𝐝𝐁 (𝒅 =

𝟎. 𝟓 𝒎𝒎). Minimum 𝐑 is shifted to 40 GHz, the reason is 

that 𝑑 = 0.5 𝑚𝑚, which accepts only 𝛿 at 40 GHz (Figures 

4 and 5). 

 
Figure 2. 𝜖′

𝑟 versus 𝑅𝑑𝐵. 

Figure 6 depicts 𝛼 (𝑑𝐵/𝑚) , it shows that 𝛼  increases 

with high magnetic loss ([43]), high electric loss ([42]), but 

with less sensitivity for moderate values of both electric and 

magnetic loss RAM ([44]). Figure 7 displays EMISE compo-

nents 𝑆𝐸𝑡𝑜𝑡𝑎𝑙 ,  𝑆𝐸𝐴, 𝑆𝐸𝑅 , 𝑆𝐸𝑀 , it is clear that 𝑀  and 𝑅  are 

insignificant if 𝑆𝐸𝑡𝑜𝑡𝑎𝑙  exceeds 9 dB, the major contribution 

is due to 𝐴. Figure 8 shows SE for stepped 𝜖𝑟
𝑠ℎ𝑖𝑒𝑑 = 𝜇𝑟

𝑠ℎ𝑖𝑒𝑑 =

10𝑚 + 𝑗10𝑚, 𝑠𝑡𝑒𝑝 𝑚 = 1 𝑡𝑜 5. 
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Figure 3. 𝜖′′

𝑟 versus 𝑅𝑑𝐵 

 
Figure 4. 𝜖′

𝑟 versus 𝑅𝑑𝐵 

 
Figure 5. 𝜖′′

𝑟 versus 𝑅𝑑𝐵 

 
Figure 6. 𝛼 𝑑𝐵/𝑚 (dielectric properties of [42, 43], and [44]). 

 
Figure 7. EMI SE components. 

 
Figure 8. 𝑆𝐸1 𝑡𝑜 𝑆𝐸5 ≈

𝐴1 𝑡𝑜 𝐴5 𝑐𝑜𝑟𝑜𝑠𝑝𝑜𝑛𝑑𝑠 𝑡𝑜 𝜖𝑟
𝑠ℎ𝑖𝑒𝑑 = 𝜇𝑟

𝑠ℎ𝑖𝑒𝑑 = 10𝑚 +

𝑗10𝑚, 𝑠𝑡𝑒𝑝 𝑚 = 1 𝑡𝑜 5. 
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5. Conclusion 

RAM reflectivity and EMISE are investigated. Study of 

one and two dielectric layers indicates that when material has 

high permeability and low electrical conductivity most 

waves are reflected from inside interfaces, 𝑆𝐸𝑅  for lower 

frequencies is greater than higher frequencies and it de-

creases with frequency increase. 𝑆𝐸𝐴  increases with fre-

quency increase, that is why high conductivity, high perme-

ability, and increasing thickness 𝑑 𝛿 > 1⁄  are necessary to 

configure good absorbent. The absorption loss is propor-

tional to the thickness of the shield and increases with in-

creasing frequency, unlike reflection where the loss de-

creases with increasing frequency. 

Abbreviations 

RAM Radar Absorbing Material 

R Reflectivity 

f Frequency 

EMISE Electromagnetic Interference Shielding 

Effectiveness 

R Reflection Loss 

A Absorption Loss 

M Internal Loss 

α Attenuation 

RCS Radar Cross Section 

PEC Perfect Electric Conductor 

δₑ Electric Loss Angle 
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