
International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol.9, No.9, (2016), pp.369-378 

http://dx.doi.org/10.14257/ijsip.2016.9.9.34 

 

 

ISSN: 2005-4254 IJSIP  

Copyright ⓒ 2016 SERSC 

Design, Simulation and Characteristics Analysis of Wideband 

Metamaterial Absorber Based on Titanium 
 

 

Mohammad Belal Hossain1* and A B M Hasan Talukder2 

1,2Department of Electrical and Electronic Engineering 

University of Dhaka, Dhaka 1000, Bangladesh 
1belal.hs96@gmail.com, 2talukder@du.ac.bd 

Abstract 

Wide range absorption is specially needed for different microtechnological 

applications along with microbolometers, photodetectors and coherent thermal emitters. 

Here we report, design of a wideband metamaterial absorber based on Titanium (Ti) and 

the analysis of its absorption and reflection characteristics. The structure of the absorber 

consists of two titanium layers spaced by a dielectric layer of refractive index 2. The 

simulation is done for analyzing its characteristics using finite difference time domain 

method (FDTD). The results show that the absorption occurs above 90 percent in the 

range 750 nm to 1200 nm while the reflection occurs below 10 percent. Overall 

absorption over the range (400 nm to 1500 nm) is found to be almost above 80 percent. 
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1. Introduction  

Metamaterials are engineered composites. The properties of metamaterials are derived 

from their cellular architecture and chemical composition. Cellular size is smaller or equal 

to subwavelength. Metamaterials exhibit some exotic properties such as negative 

refraction, negative permeability and negative permittivity which are unlike conventional 

materials properties. Those exotic properties are used for many potential applications like 

perfect lens [1], superlens [2-3], invisibility device [4-5], patch antenna [6], biosensor [7,-

8], phase compensator [9]. Metamaterials have been testified in every technological 

relevant spectrum. Metamaterials can be defined by complex macroscopic parameters 

electric permittivity and magnetic permeability.  

Most of the work on metamaterials has been focused on the real part of complex 

quantity electric permittivity and magnetic permeability. But overlooked loss components 

of the imaginary part of complex quantity electric permittivity and magnetic permeability 

have huge potential for exotic applications [10]. For example, recently there have been 

different studies demonstrating metamaterials as absorber.  

A bilayer unit cell has been used for maximum absorption through independent tuning 

of the electrical permittivity and magnetic permeability at 1.3 terahertz [11]. A dual band 

electric-field-coupled (ELC) resonator and a metallic ground plane separated by a 

dielectric spacer have been used for making a dual band terahertz metamaterial absorber 

[12]. Periodic arrangement of different scales of electric-field-coupled-LC (ELC) 

resonators and a metallic background plane, separated by 1 mm dielectric spacer has been 

designed for absorber [13]. By tuning the scale factor of the ELC unit cells multiple 

absorptions at different frequencies has been achieved [13]. Metal-dielectric-metal 

structure has been used for terahertz polarization insensitive dual band metamaterial 

absorber  [14]. 

 

2. Method 
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Here, we present design and simulation of wide band metamaterial absorber based on 

titanium and analysis of its absorptivity and reflectivity characteristics. 

Figure 1, illustrated single unit of wide band metamaterial absorber where two metal 

layer spaced by dielectric layer used as absorber. 

 

Figure 1. Single Unit Wideband Metamaterial Absorber 

The top layer and bottom layer metal can be any metal like Gold, Copper, Silver, 

Aluminum, Beryllium, Palladium, Platinum, Chromium, Titanium, Tungsten etc., The 

thickness of the top layer and bottom layer are in the nanometer range. The middle layer 

is a dielectric layer and the value of refractive index of this layer can be 1.5, 2, 2.5 etc., 

The designed wideband metamaterial absorber consists of two titanium layer spaced by 

a dielectric layer of refractive index 2. The width and thickness of the top titanium layer 

are denoted by 𝑤𝑡 and  𝑡𝑡   respectively. The thickness of the middle layer and bottom 

layer are denoted by 𝑡𝑚 and  𝑡𝑏 respectively. 

In our simulation setup we have used electromagnetic wave source range from 400 nm 

to 1500 nm. Periodicity of the structure is 300 nm and width of the top titanium layer is 

100 nm.  

The simulation has been done using finite difference time domain method. We have 

total 5 different designs for different thickness of top and bottom titanium layer by fixing 

middle dielectric layer at 35 nm. Thickness of the top and bottom titanium layer for 

different design is given below: 

Table 1. Thickness of the Top and Bottom Titanium Layer for Five Different 
Designs   

 

Design No. 

 

Top titanium layer 

thickness(nm) 

 

Bottom titanium  

layer thickness(nm) 

1             150           150 

2             150           200 

3             160           200 

4             170           220 

5             150           250 

 

3. Results and Discussion 

The spectral absorptivity curve for design 1 is shown in Figure 2.1. It has been 

observed from the curve that at wavelength 656.41 nm absorptivity is 90.3% and at 
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wavelength 1256.84 nm absorptivity is 90.45%. For wavelength 656.41 nm to 1256.84 

nm absorptivity has been found above 90%. Over the range absorptivity has been found 

almost above 80%.  
 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

 

 

Figure 2.1. Spectral Absorptivity for Design 1 

The spectral reflectivity curve for design 1 is shown in Figure 2.2. It has been observed 

from the curve that at wavelength 656.41 nm reflectivity is 9.69% and at wavelength 

1256.84 nm reflectivity is 9.61%. For wavelength 656.41 nm to 1256.84 nm reflectivity 

has been found below 10%. Over the range reflectivity has been found almost below 20%.  

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 2.2. Spectral Reflectivity for Design 1 

The spectral absorptivity curve for design 2 is shown in Figure 3.1. It has been 

observed from the curve that at wavelength 656.405 nm absorptivity is 90.3% and at 

wavelength 1256.84 nm absorptivity is 90.4%. For wavelength 656.405 nm to 1256.84 
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nm absorptivity has been found above 90%. Over the range absorptivity has been found 

almost above 80%. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3.1. Spectral Absorptivity for Design 2 

The spectral reflectivity curve for design 2 is shown in Figure 3.2. It has been observed 

from the curve that at wavelength 656.405 nm reflectivity is 9.69% and at wavelength 

1256.84 nm reflectivity is 9.62%. For wavelength 656.405 nm to 1256.84 nm reflectivity 

has been found below 10%. Over the range reflectivity has been found almost below 20%. 

 

Figure 3.2. Spectral Reflectivity for Design 2 

The spectral absorptivity curve for design 3 is shown in Figure 4.1. It has been 

observed from the curve that at wavelength 685.42 nm absorptivity is 90.6% and at 
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wavelength 1271.57 nm absorptivity is 90.12%. For wavelength 685.42 nm to 1271.57 

nm absorptivity has been found above 90%. Over the range absorptivity has been found 

above 80%. 

 

 

Figure 4.1. Spectral Absorptivity for Design 3 

The spectral reflectivity curve for design 3 is shown in Figure 4.2. It has been observed 

from the curve that at wavelength 685.42 nm reflectivity is 9.06% and at wavelength 

1271.57 nm reflectivity is 9.01%. For wavelength 685.42 nm to 1271.57 nm reflectivity 

has been found below 10%. Over the range reflectivity has been found below 20%. 

 

 

Figure 4.2. Spectral Reflectivity for Design 3 
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The spectral absorptivity curve for design 4 is shown in Figure 5.1. It has been 

observed from the curve that at wavelength 707.71 nm absorptivity is 90.4% and at 

wavelength 1271.57 nm absorptivity is 90.4%. For wavelength 707.71 nm to 1271.57 nm 

absorptivity has been found above 90%. Over the range absorptivity has been found 

above 80%. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 

Figure 5.1. Spectral Absorptivity for Design 4 

The spectral reflectivity curve for design 4 is shown in Figure 5.2. It has been observed 

from the curve that at wavelength 707.71 nm reflectivity is 9.62% and at wavelength 

1271.57 nm reflectivity is 9.63%. For wavelength 707.71 nm to 1271.57 nm reflectivity 

has been found below 10%. Over the range reflectivity has been found below 20%. 

 

 

Figure 5.2. Spectral Reflectivity for Design 4 
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The spectral absorptivity curve for design 5 is shown in Figure 6.1. It has been 

observed from the curve that at wavelength 656.405 nm absorptivity is 90.3% and at 

wavelength 1242.46 nm absorptivity is 91.07%. For wavelength 656.405 nm to 1242.46 

nm absorptivity has been found above 90%. Over the range absorptivity has been found 

almost above 80%. 

 

 

Figure 6.1. Spectral Absorptivity for Design 5 

The spectral reflectivity curve for design 5 is shown in Figure 6.2. It has been observed 

from the curve that at wavelength 656.405 nm reflectivity is 9.68% and at wavelength 

1242.46 nm reflectivity is 8.93%. For wavelength 656.405 nm to 1242.46 nm reflectivity 

has been found below 10%. Over the range reflectivity has been found almost below 20%. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 6.2. Spectral Reflectivity for Design 5 
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4. Conclusion 

Absorption range is different for different design but it is found after analyzing above 

five designs that absorption above 90 percent occurs in the range 750 nm to 1200 nm and 

reflection below 10 percent occurs in the same range for each design. It is also found that 

for each design overall absorption above 80 percent occurs over the range (400 nm to 

1200 nm) and reflection below 20 percent occurs in the same range. The designed 

wideband absorber can be used for various applications like microbolometers, 

photodetectors, coherent thermal emitters, microantena and solar cells. 
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