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 The plasmonic material properties of aluminum allow active plasmon 

resonances extending from the blue color in the visible range to the ultraviolet 

(UV) region of the spectrum. Whereas Al is usually avoided for applications 

of plasmonics due to its losses in the infrared spectrum region. In this work, 

the study of the scatter and absorption of disk nanoantennas (DNAs) using 

various types of materials Au, Ag, and Al is accomplished by using the CST 

microwave studio suite simulation. The results showed that Al can offer good 

plasmonic properties when DNA radius is 25 nm to 125 nm at 20 nm height 

and working wavelengths longer than 800 nm in the near-infrared (NIR) 

region. Al produces negative plasmonic features around 800 nm wavelength 

due to the interband transition in the imaginary part of epsilon.  For Au and 

Ag, the plasmonic characteristics rapidly decayed when the DNA radius was 

higher than 60 nm, but in contrast, Al offers good plasmonic features at these 

large dimensions of DNAs. This extended response of Al in UV, visible, and 

NIR, incorporated with its low cost, natural abundance, low native oxide, and 

amenability to industrial processes, could make Al an extremely promising 

plasmonic metal candidate for energy applications. 
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1. INTRODUCTION  

Metallic nanostructures have been under intensive investigation becauce of their plasmonic properties 

and ability to interact with light at subwavelength dimensions [1-3]. Studies of coherent oscillations of 

electrons in the optical metals, which are recognized as localized surface plasmon resonances (LSPR), were 

based on the dielectric properties of metals. The resonance wavelength of the plasmonic systems in common 

depends mainly on the metal nanoparticle size, geometry, and the real and imaginary parts of the dielectric of 

metal nanoparticles , which are the dispersion properties of the metal [4, 5]. The researchers were highly 

concentrated on Au and Ag because of their optical and dielectric properties, which could be deployed in 

different applications. For instance, Ag based nanosensors [6], plasmonic waveguides [7], tunable plasmonic 

filters [8], nanoantennas for field enhancement [9], nonlinear devices [10], and nanotechnology for energy 

applications [11, 12]. 

However, Au and Ag work at wavelengths down to 600 nm. Au is an expensive material, where Ag 

suffers from rapid oxidation that degrades plasmonic properties. These problems need to be considered when 

we choose the appropriate material. Even though, Al shows large losses at the interband wavelength around 

800 nm. From blue color in the visible region up to the UV region of the spectrum, Al shows low loss and 

represents a promising plasmonic material [13-15].  
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As well as, it gives rise to attractive properties that comprise natural abundance, low cost, low native 

oxide, and ease of processing by the complementary metal-oxide semiconductor (CMOS), whereas Au and Ag 

do not show the same properties [16]. The absorption enhancement at the near-infrared (NIR) region produces 

a broadband absorption region [17-19], and then causes a breakthrough in efficiency improvements for solar 

energy conversion [20-22]. In this paper, Al plasmons of DNAs, as shown in Figure 1, were investigated at the 

NIR region employing the CST microwave studio simulator based on finite integral technique [23]. 
 

 

 
 

Figure 1. Schematic illustration of the DNA with substrate structure CST 
 
 

2. RESEARCH METHOD  

2.1.  Lorentz-drule model 

This research work is using Lorentz-Drude model, which is given by as shown in (1) [8]. It shows the 

dependency of the metal dielectric function on the optical wavelength [3-5]. 
 

  𝜀(𝜔) = 𝜀𝑖𝑛𝑡 −
𝜔𝑝

2

𝜔2+𝛾2 + 𝑗
𝜔𝑝

2 𝛾

𝜔(𝜔2+𝛾2)
 (1) 

 

γ=1/τ where τ denotes the mean relaxation time of the conduction electrons, and εint is due to the 

interband transitions and ωp is the plasma frequency. The plasmonic metals Au, Ag, and Al have been used as 

nanoantennas where these metals produce strong field confinement due to the large negative permittivity that 

produces less field penetration and lower propagation loss [3]. Al plasmonic metal has better plasmonic 

performance than Au and Ag at short wavelengths such as UV and the blue, due to its low imaginary part and 

a high negative real part as shown in Figure 2 [10, 20]. In contrast, Al shows large losses at the interband 

wavelength around 800 nm. Therefore, it is not suitable material for nanoantennas in this region of the 

spectrum. In infrared wavelengths region, it is true that Al has a higher imaginary part than Au and Ag, but the 

large value of negative real part of permittivity of Al reduces the field penetration into the plasmonic metal, 

which gives rise to lower propagation loss in metal and then high field enhancement at the vicinity location of 

nanoantenna. Also, as shown in Figure 2, Au offers higher loss than Ag at wavelengths below 600 nm that 

makes Ag better in terms of plasmonic characteristics within this region. Whereas Au is still mostly used 

because it is chemically very stable [2-4]. 
 

2.2.  Absorption and scattering calculation model 

DNA has been designed and adopted for enhancement of the localized field. Various plasmonic 

materials were selected such as Au, Ag, and Al. DNA was excited by a plane wave propagating in negative  

z-direction that is the normal direction to the plane which including the DNA. The symmetry of the circular 

form of the DNA produces no affectivity to the polarization of incident light. In the first simulation, the DNA 

was accomplished in the free space without a substrate to investigate the generated scattering (RCS-reflection 

cross section) and absorption cross section (ACS). It is important to analyze how much of absorption and 

scattering enhancement can be obtained for Au DNAs, Ag DNAs, and Al DNAs with varying the DNA radius 

with a constant DNA thickness (h=20 nm). The investigation was concentrated on the resonance wavelength 

attitude, for these important plasmonic metals, with the size variation of DNAs. The resonance wavelength of 

DNA in the free space relies on the real and imaginary parts of the dielectric constant of the plasmonic metal 

and the DNAs size. The size of DNA can be controlled whereas the dielectric constant of metal is an inherent 

characteristic of the metal in shwon in (2) and (3), show the relation of the absorption and the scattering with 

the particle of plasmonic metal that has a radius of 𝑎 [21, 22]: 
 



TELKOMNIKA Telecommun Comput El Control   

 

Aluminum based nanostructures for energy applications (Mohammad Tariq Yaseen) 

685 
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where nm is the refraction index of the surrounding medium, 𝑎 is the metal sphere radius, ε is the dielectric of 

the surrounding medium, and εm is the plasmonic metal dielectric. It is clear from as shown in (2) and (3) that 

the ACS and RCS rely on the size and metal type of DNAs, where the ACS related to the a3, but the RCS 

related to the a6 [17, 18].  
 

 

 

(a) 

 

 

(b) 

 

Figure 2. Permittivity of metals using Lorentz-Drude model; (a) real part, (b) imaginary part [20] 

 

 

3. RESULTS AND ANALYSIS  

3.1.  Characteristics study of a single DNA in free space 

The DNA shown in Figure 1 was simulated as a single DNA in the free space in order to study the 

behavior, scattering and absorption, with repect to the DNA radius change for different metals. The obtained 

results are shown in Figure 3. It shows the relation between the RCS and ACS with the DNA radius for 

plasmonic materials of Au, Ag, and Al. For small dimensions of DNAs, when the ACS >>RCS, it was toticed 

that the absorption in the DNA will be dominant and the induced electromagnetic field inside the metal will be 

high. Therefore, this case is not recommended for energy harvesting due to the low field enhancement. 

However, when the RCS >> ACS, which occurs at large DNAs dimensions, the dominant process induced by 

DNA is a strong forward scattering of incident radiation. The high forward scattering also reduces the 

electromagnetic field, where the operation mode is higher than one, which produces high confined field near 

the DNA. To obtain best localized field enhancement in the DNA, which results in high field enhancement, it 

is likely to be desirable to operate in a certain size regime and with certain materials for which the RCS is 

comparable to or slightly higher than the ACS.  
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In Figure 3 (a), the result of using Ag DNA was shown. It is clear that when the radius was larger than 

40 nm, the RCS/ACS ratio increased rapidly with increasing the radius of the DNA. The RCS will be dominant 

at radii larger than 60 nm. Figure 3 (b) shows the RCS/ACS ratio for Au DNA. The increasing ratio of 

RCS/ACS with the DNA radius is less than the first case of using Ag DNA. Although, this indicates that Au 

DNA can be used as a larger diameter than Ag DNA for energy harvesting. Au has a higher imaginary part 

than Ag that causes the plasmonic deteriorated at a large dimension of particles. This point needs to be 

considered when using Au material. In Figure 3 (c), the result of using Al DNA was shown. Unlike Au DNA 

and Ag DNA, Al DNA offers an important feature where the RCS/ACS ratio nearly remains constant at the 

DNAs radii larger than 55 nm. Not only that, it even tends to decrease at DNAs radii larger than 100 nm. This 

important matter results in the idea that Al can get over Au and Ag in this wavelength region using certain 

dimensions of DNAs. This due to the RCS that does not increase rapidly as other metals. However, it is still 

comparable to or slightly higher than the ACS. This fact is considered an important feature in the energy 

harvesting applications. 

 

3.2.  Characteristics study of a single DNA on a-Si substrate 

Here in this section, the DNA shown in Figure 1 was simulated again as a single DNA on a-Si substrate 

in order to study the resonance wavelengths with repect to the DNA radius change for different metals. The 

obtained results are shown in Figure 4, shows the relation between the DNA radius and the resonance 

wavelength for Au DNA, Ag DNA, and Al DNA. Here, the DNAs were mounted on the a-Si substrate of a  

60 nm thickness and an indium tin oxide layer of 30 nm. In this simulation, the periodic unit cell in the  

(x-y direction) was deployed with a 600 nm pitch distance (P), as shown in Figure 1. It was noticed that the 

resonance wavelength increased (red shifted) with the DNA radius increasing. Also, the extending range of 

resonance wavelengths for Au, which covers the range from 1000 nm to 3500 nm by radius changing from  

20 nm to 80 nm, is lower than Ag and Al. For Ag, the gained response involves the resonance wavelength 

range from 1000 nm to 6500 nm with radius range from 20 nm to 95 nm. In the case of Al DNA, it is important 

to notice the slow change of resonance wavelength with respct to the Al DNA radius change. The resonane 

wavelength extended from 1000 nm to 5000 nm when the Al DNA radius changed from 20 nm to180 nm.  

Figure 5 shows the relation between the DNA radius and absorption in the a-Si layer for various 

metals. As shown in Figure 5, the absorption was normalized to the maximum value that occurred with the Ag 

DNA nearly at 55 nm radius. For Au and Ag, the deterioration in the absorption less than 50% occurred at  

80 nm and 75 nm, respectively. Whereas for Al, the deterioration in absorption has been  occurred at a radius 

about 140 nm. Also, the maximum absorption in the Al DNA case was a bit lower than the absorption at Ag 

DNA case. While in the Au DNA case, the absorption is significantly less than other tested metals.  

 

 

  
 

(a) 

 

 

(b) 

 

 
 

(c) 

 

Figure 3. Relation between the DNA radius and RCS/ACS ratio for (a) Ag (b) Au and (c) Al 
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Figure 4. Relation between the DNA radius (R) and resonance wavelengths for Ag,Au,  

and Al at (h=20 nm) 

 

 
 

Figure 5. Normalized absorption in a-Si layer at different DNA radii for various metals 

 

 

Figure 6 represents the results of the normalized absorption in the metal of nanoantenna DNAs that 

mounted on the a-Si structure for the same radii of Figure 5 and at the resonance wavelength of DNAs. Ag 

outclasses than other metals at disc radius from 20-60 nm due to its low absorption. When the radius is larger than 

60 nm, it was seen that the absorption in Al was higher than Au and Ag. But, it produces better performance for 

the absorption enhancement in a-Si than other metals. These results confirm that it is true that the Al has a high 

imaginary part of epsilon which produces high absorption in the plasmonic metal, but it possesses high negative 

real part at the same time, which results in good plasmonic characteristics at NIR spectrum. Therefore, the results 

revealed that Al significantly outperformed Au and Ag at wavelength range extended from 1000-5000 nm. Indeed, 

the Al enables us to overcome the problems of the rapid native oxide of Ag. As well as, these large dimensions 

of Al nanoantennas DNAs do not need  high resolution deposition devices. 

 

 

 
 

Figure 6. Normalized absorption in the metal of nanoantenna at different DNA radius  

for various materials types 
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3.3.  Plasmonic resonance mode of a single DNA on a-Si substrate 

In this section, DNAs resonate at mode one or more depending on the shape and size. When the size 

of the DNA is increased, the scattering will increase. "Large particles typically suffer from the presence of 

multiple nearly degenerate modes that reduce the strength of the fundamental surface plasmon polariton 

resonance" [11]. Then the issue that must be considered is that the plasmonic order mode to achieve higher 

localizes field enhancement, which can be found by first-order plasmon exciting [9]. When the DNA size is 

increased, the higher orders will produce more field oscillation along with the DNA. Then the scattering will 

be dominant more than the absorption and more plasmonic field confinement will occur in comparison with 

the first mode. Therefore, to obtain higher localized field enhancement, the focusing keeps on the first mode. 

Figure 7 shows the field distribution along with the largest DNA. The large DNA has a higher probability than 

a small size to producing higher modes. To discriminate the first mode, the distribution of the electric field 

along with the DNA is examined. Figure 7 shows the distribution of the electric field which is negative at the 

upper half part and positive at the lower half part of DNAs. This electric field distribution points to the first 

mode of LSPR. The field enhancement using Al is related to photocurrent enhancement from scattering. It 

could be shown more by the analysis of wavelength dependent photocurrent enhancement [24, 25].  

 

 

 
 

Figure 7. The field distribution along the largest DNA  

 

 

4. CONCLUSION  

Energy applications such as light harvesting are very important currently. However, the cost and 

efficient materilas are still among the challenges for these appliations. Plasmonic metals such as Au and Ag 

have been studied and proposed as good plasmonic materials for the LSPR of metallic nanoparticles at NIR. 

However, Al based plasmonic structures offer low-cost and promising plasmonic properties for light 

harvesting. In this work, the potential of Al plasmonic metal of DNAs to support strong LSPR at NIR is 

investigated and demonstrated by examining the behavior of the scattering and absorption cross-section with a 

DNA radius. The aim of using disc form is to obtain a similarity response to the applied E-field due to its 

circular shape. The cross-section of absorption and scattering of Al DNAs are compared with Au and Ag DNAs 

for the same dimensions. These results make Al outperformed in LSPR and good absorption in the substrate at 

wavelengths longer than 800 nm and NIR spectral range that extended from 1000 nm to 5000 nm, which gives 

an alternative to other plasmonic noble metals. Ultimately, it can join the NIR region to extend the active 

plasmonic range of Al from UV, visible, to the NIR spectrum range and enables a various and tailorable 

platform of plasmon-enhanced light harvesting applications. 
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