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ABSTRACT 
In this work, a high performance double layer microwave absorbing structure for X-Ku band was 

designed and implemented. Genetic-algorithm (GA) was used to find the optimized thickness and 

type of material for each layer. Tabulated permittivity and permeability of the magneto-dielectric 

composite materials and silicon rubber were used in the simulation. Angular dependence of the 

reflection coefficients for TE and TM modes were evaluated. The simulated results were in good 

agreement with the experimental data collected from three samples. It showed that reflection 

coefficients of the double layer samples reached up to −54.96 dB, −43.68 dB and −28.45 dB at 10 

GHz, 11.2 GHz and 13.2 GHz respectively in the case of normal incidence. 

Keywords: RAM, genetic algorithm (GA), microwave absorbing materials, optimized design, X-

Ku bands 

 

INTRODUCTION
*
 

Because the mobile technology has developed 

quickly, electromagnetic interference (EMI) 

pollution has become a very serious threat to 

the daily life of human beings. As an effective 

solution to EMI, radar absorbing materials 

(RAM) have received increasing attention. 

For an ideal layer of RAM, thin thickness and 

broadband absorption are two of the key 

properties [1-3]. In addition, in recent years, 

multilayer broadband absorbers have been 

considered in many civic and military 

engineering applications, especially, for the 

design of microwave shielding enclosures, 

anechoic chambers to ensure electromagnetic 

compatibility (EMC), wireless 

telecommunication systems and stealth 

technology as radar-absorbing material 

(RAM) [4]. Designing of radar absorbing 

structure is a great importance over selective 

or wideband frequency either by bulky, sheet 

or shaped around different materials [4, 5]. 

The absorbing structure should not only 

provide the required reflection attenuation of 

near-field or far-field electromagnetic waves 
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for the covered objects at varieties of incident 

angles and polarizations but also have light 

weight, good thermal, mechanical and 

chemical properties. These properties of thick 

or thin layers of RAM should endure harsh 

conditions of physomechanics and 

environmental testes as well [7, 8]. 

In Sukanta’s work [9], a double-layer radar 

absorber composed of CoZn-ferrite/ TiO2 

with total thickness of 2 mm could provide 

−24.3 dB attenuation at 12.02 GHz, the 

absorption bandwidth with attenuation below 

-10 dB is 2.5 GHz.  

Genetic algorithm (GA) is one of the most 

effective tools for multilayer radar absorbing 

structure optimization and has been widely 

used. Ramesh and coworker have used GA to 

design a four-layer radar absorbing coating 

for radar cross section (RCS) reduction at X-

band [10]. The RCS reduction of 10-35% at 

8GHz was obtained when a 4-layer ferrite 

coating with total thickness of 5.015 mm was 

applied on an aluminum sheet. In other work 

[11], maximum reflection loss of -21.98 dB at 

2.77 GHz and bandwidth of 11.06 GHz was 

achieved with a 1.5 mm thick two-layer 

microwave absorber optimized by GA.  
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Besides advantages of easy-to-control 

properties of nanomaterials by varying the 

size, shape, surface states or composition of 

the nanoparticles, employing nanocomposite 

materials in fabrication of multilayer radar 

absorbing structures also simplifies process of 

mixing absorbing materials with the host 

medium and improves uniformity of the 

dispersion [11–13]. Double-layer microwave 

absorbers composed of nano-crystalline 

CoFe2O4/PANI (polyaniline) multi-core/shell 

composites was studied in [12]. Reflection 

loss and absorption bandwidth depends on the 

total thickness of the structure. For the 2.0 

mm and 2.5 mm thick samples minimum 

reflection loss was −28.8 dB at 16.2 GHz and 

−31.1 dB at 12.8 GHz; absorption bandwidth 

under −10 dB was 4.2 GHz and 5.5 GHz, 

respectively.  Another promising class of 

materials is magnetic nano-crystalline alloy 

Fe0.2(Co0.2Ni0.8)0.8 and nanocomposite 

SrFe12O19/Ni0.5Zn0.5Fe2O4 microfibers. Min Li 

et al. have showed that in the samples using 

these materials, maximum reflection loss 

drastically increases to −71.4 dB at 12.1 GHz 

and the reflection attenuation less than -10 dB 

spans from  10.7 to 18 GHz [13]. 

In this paper, a compact double-layer 

microwave absorber is designed and 

implemented with the optimized thickness 

and material properties of each layer found by 

using GA. Reflection of the incident wave is 

reduced by matching impedance of the first 

layer with that of free space, while the second 

layer provides good microwave power 

absorption and is placed on the surfaces 

which need to be protected from unwanted 

radiation. The experimental results are 

compared to the analytical and numerical 

study to check the validity of the design. 

FORMULATION 

Fig. 1 depicts the layout of radar absorbing 

structure which consists of two layers on top 

of a perfectly conducting metallic sheet. 

Knowing of reflection coefficient at the first 

(air-multilayer) interface is great importance 

for implementation of electromagnetic (EM) 

model. Both normal and oblique incident 

waves can be applied, and the amplitudes of 

forward and backward propagated waves are 

calculated at the interface between any layers, 

beginning from the adjacent layer to a 

metallic sheet until the air-matched layer 

interface.  

 
Fig. 1. Multi-layering phenomenon with double-layer 

Therefore, the design process encompasses 

the determination of the optimal choice of the 

material for each layer and its thickness. In 

the context of the present problem, an 

objective or fitness function F is given by:  
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Where m1, m2 and d1, d2 are materials and 

thickness of the first and second layer, θi is 

incident angles, R
TE

 and R
TM

 represent 

reflection coefficient for the TE and TM 

polarizations; Nθ and Nf are total number of 

incident angles and total points of frequency.
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Table 1. Material name and number 

Number Name Number Name 

1 Mn0.5Zn0.5Fe2O4 (40%) 7 Mn0.5Zn0.5Fe2O4/PANI (30%) 

2 Ni0.5Zn0.5Fe2O4 (40%) 8 Ni0.5Zn0.5Fe2O4/ PANI (30%) 

3 Cu0.5Zn0.5Fe2O4 (40%) 9 CB (40%) 

4 BaO2CoO.12Fe2O3 (30%) 10 Fe3O4 (40%) 

5 CoFe2O4 - BiFeO3  (40%) 11 RGO/Cu0.5Zn0.5Fe2O4/PANI (40%) 

6 Cu0.5Zn0.5Fe2O4 /PANI (40%) 12 CoFe2O4 (40%) 

The reflection coefficient R
TE

 and R
TM

 for 

layer (i-1) follows the corresponding 

coefficients of the i layer are calculated by the 

following regression formula [2, 3]: 

When i > 1: 
2 jk d*TE/TM TE/TM z,i -1 i -1

TE/TM i i -1

i 2 jk d*TE/TM TE/TM z,i -1 i -1
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When i = 1: 
TE/TM

i
R 1                (3) 

Where the reflection coefficient for TE and 

TM polarization on the boundary between the 

two i and i - 1 classes is based on the 

boundary conditions for the electromagnetic 

waves E and H: 
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Where iε  and i  are the complex permittivity 

and permeability constants of the ith layer, ki,z 

- wave number along z - direction in ith layer 

is given by: 

f f 2
i,z i i 0 0k 2 f sin                                    (5) 

A flowchart of the genetic algorithm is shown 

in Fig. 2 in which one needs to follow six 

following steps: 

Step 1: Initialize a starting large population. 

Step 2: Encode the solution parameters as 

genes. 

Step 3: Evaluate and assign fitness values to 

individuals in the population. 

Step 4: Perform reproduction through the 

fitness-weighted selection of individuals from 

the population. 

Fig. 2. Flowchart of genetic algorithm 

Step 5: Perform recombination. Among the 

retained individuals selected a pair of parents 

to hybridize to create offspring, so that 
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together with the individuals that were 

retained formed a new population. 

Step 6: Perform mutation. With the newly 

created population, mutations are carried out 

with a small probability to conform to the 

laws of natural evolution. 

Step 7: Check the loop termination condition: 

There are several criteria for doing this (for 

example, the number of new generations 

exceeds a certain limit, the repetition time 

exceeds a certain limit; Adaptation beyond a 

certain limit ...). If the end of the loop is 

satisfied, the program ends, otherwise return 

to step 2. 

The optimization is programmed with 

Mathlab R2014a. A database with ten kinds 

of selected materials was initially established. 

An alternative material database was 

established by ten groups of measured data of 

electromagnetic parameters, as shown in 

Table 1. The GA optimization parameters are 

selected as shown in Table 2. 
Table 2. The GA optimizaton parameters  

GA parameters Value 

Maximum iteration numbers 150 

Parents number of individuals 100 

Children number of individuals 50 

Crossover probability 0.1 

Mutation probability 0.05 

Maximum layer thickness (mm) 2 

RESULTS AND DISCUSSION 

There are three steps for the fabrication of 

double-layer composite in individual layer. In 

the first layer, the magnetic material and 

silicon rubber are mixed uniformly using a 

rubber fining mixer. Then, the mixture is 

pressed in a flat vulcanizing machine and 

cured for ten minutes at the temperature of 

150
0
 C. After curing, the sample is extracted 

from the press mold. Finally, the sample is cut 

into sheets in square with a size of 150 mm × 

150 mm. In the second layer, it composed of 

rubber as a host medium loaded with a 

structure of carbon powder (40%) allowing 

the medium to be highly conductive but was 

thicker than the matching one. 

 
Fig. 3. The reflectivity versus frequency of 

simulation models and experiment samples 

The permittivity, permeability and reflectivity 

of materials versus frequency is measured by 

free space method in the frequency range 

from 8 GHz to 18 GHz using Agilent E8362C 

network analyzer system. This method has the 

advantage of determining reflectivity values 

in both of the normal and oblique incident 

cases using a system of network analyzer. 

The corresponding data of material and 

thickness of three sample M1, M2, M3 are 

listed in Table 3. The simulated and 

experimental reflectivity of the structures of 

samples are presented in Fig. 3. Since 

simulated curves and measured curves of 

sample 1 and 2 have quite close peak and 

similar variation tendency, the agreement 

between the simulated result and measured 

result can be observed. Their difference could 

be attributed to the fact that the surface of 

samples is not smooth enough, and there is 

measurement deviation around the highest 

frequency range. 

Table 3. Material name and number 

Sample Layer Material Thickness (mm) Total thickness (mm) 

M1 
1 RGO/Cu0.5Zn0.5Fe2O4/PANI 1.0 

2.3 
2 CB (40%) 1.3 

M2 
1 Ni0.5Zn0.5Fe2O4/ PANI 1.3 

2.9 
2 CB (40%) 1.6 

M3 
1 CoFe2O4 – BiFeO3 0.6 

2.5 
2 Mn0.5Zn0.5Fe2O4/PANI 1.9 
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Fig. 4. The simulated reflectivity curve at 0

0
, 15

0
, 

30
0
, 45

0
 and 60

0
 angles of incidence for the TE 

wave of Sample 1 

For sample 2, simulated curves have only a 

peak at the frequency 12.8 GHz, while it is 

observed that there is other peak of measured 

curves at the frequency 16.2 GHz. This can be 

explained to the fact that the 1st layer of this 

sample has quite thin thickness so its surface 

is smoother than that of two other samples. 

 
Fig. 5. The simulated reflectivity curve at 0

0
, 15

0
, 

30
0
, 45

0
 and 60

0
 angles of incidence for the TM 

wave of Sample 1 

The simulated reflectivities versus frequency 

of sample M1 at oblique angles of incidence 

for the TE and TM polarization wave are 

presented in Fig. 4 and Fig. 5, respectively. It 

can be found that the absorber can preserve 

low reflectivity within X-Ku band while the 

incident angle ranges from 0
0
 to 60

0
. 

Bảng 4. Comparison between the proposed design and the previous published results. 

Ref. 

Frequency 

range 

(GHz) 

Layers 

Reflectivity 

(dB) 
Layer 

number 

Layer 

Thickness 

(mm) 

Layer contraction 

Total 

thickness 

(mm) 

[6] 8 – 18 
1 1.8 85% MMP 

2.6 ~ –13  
2 0.8 10% carbon fiber 

[10] 8 – 12  

1 1.269 Ba(MnTi)27Fe6.6O19 

5.015 ~ –10 
2 0.662  Ba(MnTi)1.6Fe16O27 

3 1.262  BaCo0.8Ti0.8Mn0.15Fe9.9O19 

4 1.822 Ba(MnTi)17Fe8.6O19 

[12] 10.3 – 15.8 

1 1.0 Calcined ferrite 

2.5 

< –10 

(–31.1 dB at 

12.8 GHz) 
2 1.5 

CoFe2O4/PANI multi-

core/shell 

[13] 10.7 – 18 

1 1.4 
Nanocrystalline Alloy 

Fe0.2(Co0.2Ni0.8)0.8 

2 

< –10 

(–71.4 dB at 

12.1 GHz) 2 0.6 

Nanocomposite 

SrFe12O19/Ni0.5Zn0.5Fe2O4 

Microfibers 

Our 

work 

(Sample 

1) 

8 – 17  1 1.3 RGO/Cu0.5Zn0.5Fe2O4/PANI 2.3 

< –20 

(–54.96 dB 

at 10 GHz 

and –26.52 

dB at  16.2 

GHz) 
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In Fig. 3, the advantage of sample 1 over the 

other two samples is presented. The 

reflectivity bandwidth at the level of −10 dB 

of the sample M2 and sample M3 is 9.0 GHz 

and 9.1 GHz; while that of sample 1 is 

broadened and spanning from 8 to 18 GHz, 

especially, reflectivity bandwidth less than −20 

dB of 9.0 GHz ranges from 8 GHz to 17 GHz. 

The bandwidth extension can be explained 

from two aspects. Firstly, there is dual-

resonance characteristic (10 GHz and 15.6 

GHz) in sample M1, which is not existed in 

sample M2 and sample M3. The 1
st
 layer of 

sample 1 contains three components of 

RGO/Ferrite/PANI that have been studied in 

[14], while the 1st layer of sample 2 and 3 

only has two components of Ferrite/PANI. In 

addition, the absorption results in this paper 

are better than the results which were 

published in [14]. It demonstrates that double 

layer material has better absorption and 

optimized thickness which ensures 

cancellation of incident and reflected waves. 

CONCLUSION 

In summary, a double layer microwave 

absorber over wide frequency range was 

designed by adjusting both material properties 

and EM wave absorption mechanisms. GA 

method is successfully applied in the design 

to gain total minimized thickness and 

wideband absorption of the structure. The 

optimized results were used to develop a 

double layer microwave absorber and then 

experimentally tested using free space method 

in the X-Ku band. The results show that good 

reflection coefficient with increase in 

broadband characteristic is observed for the 

double layer microwave absorber. The 

reflection coefficient with different incident 

angles for TE and TM mode is evaluated. 

Therefore, the genetic algorithm is not only 

suited for problems as in our study, and with 

some modifications in the expressions of 

reflection coefficient, it is also expected to be 

a powerful tool for the design of lightweight 

and high efficient radar absorber systems. 
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TÓM TẮT 

THIẾT KẾ TỐI ƯU CẤU TRÚC HẤP THỤ VI SÓNG HIỆU SUẤT CAO HAI LỚP 

CHO BĂNG TẦN X-KU SỬ DỤNG THUẬT GIẢI DI TRUYỀN 
  

Nguyễn Trần Hà, Trần Quang Đạt,  

Đặng Hải Ninh, Nguyễn Vũ Tùng, Phạm Văn Thìn
*
 

Học viện Kỹ thật Quân sự 
 

Bài báo trình bày về vấn đề thiết kế vật liệu hấp thụ vi sóng hiệu suất cao, vật liệu có cấu trúc 2 

lớp cho băng tần X-Ku. Đã sử dụng thuật toán di truyền (Genetic Algorithm) để tìm bề dày và 

loại vật liệu tối ưu cho mỗi lớp. Các thông số điện môi và độ từ thẩm của các vật liệu composite 

chế tạo từ vật liệu điện từ và cao su silicon được sử dụng trong chương trình mô phỏng. Đã tiến 

hành khảo sát sự phụ thuộc hệ số phản xạ ở các chế độ TE, TM theo góc tới. Dữ liệu thực 

nghiệm thu được từ ba mẫu phù hợp với các kết quả mô phỏng. Kết quả cho thấy các hệ số phản 

xạ của các mẫu đạt -54,96 dB, -43,68 dB và -28,45 dB tương ứng với các tần số 10 GHz, 11,2 

GHz and 13,2 GHz.  

Từ khóa: RAM, Thuật toán di truyền, vật liệu hấp thụ vi sóng, thiết kế tối ưu, băng tần X-Ku. 
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