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Abstract 

Finite Difference Time Domain analysis of metallic nanowires has been 

performed to determine the effect of diameter change on absorption and 

scattering cross-sections and on local electric field intensity. Silver and Gold 

nanowires have been selected for the analysis. It has been found that, for 

Silver nanowire of radius 35 nm, the absorption cross-section shows a peak 

value of about 138 nm at around 342 nm wavelength and scattering 

cross-section shows a peak of about 173 nm at 352 nm wavelength whereas 

for Gold nanowire there exists no sharp peak in any cross-section. Similar 

analysis has been performed for radii of 28 nm, 27 nm, 26 nm, 25 nm, 24 nm, 

20 nm and 15 nm, and it has been realized that the reduction in the radius of 

Silver nanowire causes negligible shift in wavelength at which the absorption 

cross-section peak occurs while the peak for scattering cross-section shifts to 

lower wavelength and also reduces the scattering cross-section to values lower 

than the absorption cross-section. It has also been found from the local electric 

field intensity distribution for different radii that Gold nanowires exhibit better 

resonance at lower dimension than Silver nanowires. 

Keywords: Metallic nanowire, FDTD analysis, Cross-sections, Surface Plasmon 

Resonance, Local electric-field intensity 
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I. INTRODUCTION1 

1-dimensionalnanostructures, known as 

Nanowires, have become the forefront of today’s 

study on solid-state devices and technologies. 
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With so many unique and interesting physical, 

optical and other properties, these nanowire 

structures are increasingly being considered as 

fundamental building blocks for the realization 

of entirely new classes of nanoscale devices and 

circuits, with applications stretching from 

photonics to nanoelectronics, and also from 

sensors to photovoltaics. 

However, advancing towards the nanoscale 

involves the introduction and consideration of 

many critical phenomena and characteristic 

parameters. At the nanoscale, most phenomena 

are dominated by quantum physics and they 

exhibit unique behavior based on such 

characteristic parameters. In order to achieve 

minimum device sizes and ultra-high levels of 

integration, it is necessary to identify these 

critical parameters for improved performance. 
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This work is highly motivated by the continued 

interest on metallic nanowires. Recently there 

has been a great interest in the design, 

optimization, and fabrication of plasmonics- 

active metallic nanostructures since they 

provide a potential solution to key components 

in future high-capacity electronic and photonic 

circuits by providing spatial confinement of the 

light well beyond the diffraction limit. However, 

there have been various attempts in the past to 

understand different optical and electrical 

properties of different metallic nanowires. 

Properties such as Surface Plasmon Polariton 

Resonance and Scattering and Absorption 

Cross-sections of Silver and Gold nanowires are 

explored here in this work. Also the effect of 

diameter change on these cross-sections have 

been determined and analyzed. 

Surface plasmon polaritons (SPPs) are 

electromagnetic waves that are strongly coupled 

to electron plasma oscillations at a metal – 

dielectric interface (Fig.1).  

 

 

 

 

 

 

 

 

 

The SPP field is generally expressed as 

𝑬𝑆𝑃 =  𝑬0
±𝑒𝑖 𝑘𝑥𝑥±𝑘𝑧𝑧−𝜔𝑡  (1) 

Moreover, SPPs are strongly bound to the metal 

surface, leading to high lateral confinement and, 

thus, allows photonic manipulation below the 

diffraction limit. 

Scattering cross-section expresses the amount 

of power scattered by the nanowire structure 

relative to the incident electromagnetic wave 

intensity while Absorption cross-section 

measures the amount of power absorbed by the 

nanowire structure relative to the incident 

electromagnetic wave intensity. These two 

cross-sections are expressed as (2) and (3) 

respectively. 

𝜎𝑠𝑐𝑎𝑡 (𝜔) =
𝑃𝑠𝑐𝑎𝑡 (𝜔)

𝐼𝑖𝑛𝑐 (𝜔)
   (2) 

𝜎𝑎𝑏𝑠 (𝜔) =
𝑃𝑎𝑏𝑠 (𝜔)

𝐼𝑖𝑛𝑐 (𝜔)
        (3) 

where 𝑃𝑠𝑐𝑎𝑡  is the total scattered power, 𝑃𝑎𝑏𝑠  is 

the total power absorbed by the structure and 

𝐼𝑖𝑛𝑐  is the incident intensity. 

Researchers have used different approaches to 

study the properties of nanowires of several 

materials. In this work, Finite Difference Time 

Domain (FDTD) method has been employed. 

II. NANOWIRE LITERATURE REVIEW 

Generally, metallic NWs are synthesized by two 

methods: template-directed approaches [1-4] 

and chemical synthesis [5-9]. The plasmons 

supported by the metallic nanowires fabricated 

by templates usually suffer large losses due to 

scattering from the grain boundaries and rough 

surfaces of NWs [10]. On the other hand, 

chemical synthesis has been demonstrated as a 

simple and inexpensive route for the bottom-up 

preparation of metallic NWs with very smooth 

surfaces and without grain boundaries [5-9]. 

Au NWs have attracted considerable interests 

because of their high aspect ratios, unusual 

physical properties and potential applications in 

nanoelectronics, photonics and sensors. The 

large anisotropy of Au NWs and their 

subsequent assembly ability make them 

especially important building blocks for the 

linkage of nanoscale electronics and molecular 

devices. Many standard approaches have been 

extensively developed to produce Au NWs with 

desired shapes on the basis of particle assembly 

[11], surfactant radiation [8,12], template 

assistance [13]or physical deposition[14]. 

However, most of these early reported 

techniques usually resulted in the production of 

polycrystalline or relatively large diameter (45 

nm) nanowires with poor morphology and rough 

surfaces. The most recent reports by Xia [15], 

Yang [16] and others [7, 17-18] delineated the 

synthesis of ultrathin Au NWs (less than 5 nm) 

by using oleylamine (OA) or combined chemicals 

as both 1-D growth templates and reducing 

agents. 

The local electric field intensity for various metal 

nanostructures has been theoretically evaluated 

on the basis of the finite element method with 

Fig.1. SPPpropagation along metal-dielectric interface  
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volume-integral equations [19-20] and also been 

theoretically evaluated by the FDTD method. 

Enhanced transmission peaks and sharp 

transmission dips are clearly observed around 

the theoretically SPP resonance frequencies [24]. 

Local field enhancements of 4.2×104 at 450 nm 

and 1.29×104 at 400 nm were obtained by the 

FDTD method at the center between the Ag 

particle and substrate when an Ag sphere with 

10 nm radius was placed above the Ag flat 

substrate with a gap size of 0.5 nm and a plane 

wave was incident with an angle of 45°compared 

to the values of 4.2×104 at 450 nm and 1.3×104 

at 410 nm obtained by analytical solutions [21]. 

Surface plasmon propagation along a nanowire 

can be straightforwardly demonstrated by local 

optical excitation [22]. For Ag NW with a 

diameter of 120 nm, the surface plasmon 

wavelength is 414 nm, which is considerably 

shorter than the exciting light wavelength of 785 

nm. The ratio of these two wavelengths shows 

that the surface plasmon mode cannot directly 

couple to far field light neither in air nor in the 

glass substrate [10]. This finding implies that 

plasmon propagation along the wire is not 

radiation damped. However, chemically 

prepared Ag NWs with a well-developed crystal 

and surface structure sustain nonradiating 

surface plasmon modes with wavelengths 

shortened to about half the value of the exciting 

light [10]. 

The spectrum of plasmon resonances for 

metallic nanowires with a non–regular cross 

section in the 20–50 nm range also was 

investigated numerically [23]. At the resonance, 

dramatic field enhancement was observed at the 

vicinity of non–regular particles, where the field 

amplitude can reach several hundred times that 

of the illumination field [23]. 

Again, the propagation of SPPs in single 

crystalline Ag nanostructure was demonstrated 

and observed in the visible spectral region [25]. 

Propagation modes and single-guiding-mode 

conditions of Ag NW based SPP waveguides 

versus the operating wavelength (500-2000 nm) 

was also investigated and it was found that for 

wavelengths shorter than 615 nm, there is no 

 

cutoffradius for the guiding modes due tothe 

appearance of the interface modes and thus the  

single-guiding-mode operation is always 

satisfied [26]. Another interesting finding in the 

field of Plasmonic nanowires is that surface 

plasmons can be easily tuned by changing the 

surrounding dielectric materials, i.e., an 

extremely large tunability of surface plasmons 

on Ag NWs has been reported [27]. Using 

advanced fabrication techniques, nanowires can 

be utilized to produce switches [28] and efficient 

chemical and biological sensing systems [29]. 

III. MODELING AND DESIGN 

A. Material model 

A material model is automatically calculated 

based on the experimental refractive index data 

over the source bandwidth, as shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

The material fit, named FDTD model in the 

legend, can be adjusted by changing the Max 

coefficients and Tolerance parameters in the 

Material Explorer. 

B. Source 

TFSF (Total-Field Scattered-Field) sources are 

type of plane wave source, mostly used to 

particle scattering. The spectrum is as shown in 

Fig. 3 and modeled characteristic parameters 

are shown in TABLE 1. 

TABLE 1. Modeled Source Parameters 

Name Type/Value 

Injection axis y-axis 

Wavelength start 300 nm 

Wavelength stop 400 nm 

Polarization angle 0 degree 

Fig. 2. Material data plot (Index) 
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Fig. 3. Spectrum of the TFSF source 

C. Simulation Parameters 

Various parameters are as shown in TABLE 2 to 

TABLE 6 as considered for the simulation. 

TABLE 2. Mesh Parameters 

Name Value (nm) 

Override x mesh (dx) 0.5 

Override y mesh(dy) 0.5 

Geometry of 

the mesh 

x (span) 110 

y (span) 110 

TABLE 3. Time Monitor Set Up 

Name Type/Value 

Monitor type Point 

Minimum sampling per cycle 10 

Sampling rate 17843.9 THz 

Monitor start time 0 fs 

Monitor stop time 100 fs 

TABLE 4. Total Analysis Group Set Up 

Name Value (nm) 

 

Origin 

x 0 

y 0 

z 0 

 

Geometry 

x (span) 90 

y (span) 90 

z (span) 90 

TABLE 5. Scattering Analysis Group set up 

Name Value (nm) 

Origin x 0 

y 0 

z 0 

 

Geometry 

x (span) 110 

y (span) 110 

z (span) 110 

TABLE 6. Simulation Set Up 

Name Type/Value 

Simulation type 2D FDTD 

Background Index 1.0 

Simulation Time 100 fs 

Simulation 

Areageometry 

x (span) 800 nm 

y (span) 800 nm 

Boundary 

conditions 

x min PML 

x max PML 

y min PML 

y max PML 

No. of PML 

layers 

12 

Once the simulation has been set up, it will look 

as in the Fig.4.The nanowire is the circle in the 

center of the simulation region. There are two 

yellow boxes of monitors which surround the 

nanowire. In between the two monitor boxes is a 

third box drawn with of grey lines. This box 

shows the Total-field scattered-field (TFSF) 

source. The pink arrow shows the direction of 

propagation (k vector), and the blue arrow 

shows the polarization (E field vector).In the 

region inside the grey box, the total fields 

(incident plane wave field + any fields scattered 

by particle) are calculated. 

 

Fig. 4. Simulation Area showing the source and Mesh 

region 

At the boundary of the source, the incident 

plane wave fields are subtracted, leaving only 

fields scattered by the particle inside the source. 
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IV. RESULTS ANDDISCUSSION 

A. Scattering and absorption cross-sections 

Fig. 5 and Fig. 6 show the scattering and 

absorption cross-sections for Ag and Au NWs 

respectively with a radius of 35 nm. 

 

Fig. 5. Scattering and absorption cross-sections for 

r=35 nm of Ag NW 

 

 

Fig. 6. Scattering and absorption cross-sections for 

r=35 nm of Au NW 

There is hardly any resonance peak in case of Au 

NW as shown in Fig. 6.On the other hand, 

scattering cross section shows a peak at 350 nm 

while the absorption cross-section shows peak 

at around 342 nm in case of Ag NW.The peak 

arises from the LSP excitation. 

Fig. 7 and Fig. 8 show the scattering and 

absorption cross-sections for Ag and Au NWs 

respectively with a radius of 30 nm. 

 

Fig. 7. Scattering and absorption cross-sections for 

r=30 nm of Ag NW 

 
Fig. 8. Scattering and absorption cross-sections for 

r=30 nm of Au NW 

Still there is no peak in case of Au NW while for 

Ag NW the scattering cross-section shows a 

sharp decrease in its peak value and this peak 

value approaches the value of absorption peak 

with the reduction in radius to 30 nm. 

Fig. 9 and Fig. 10 show the scattering and 

absorption cross-sections for a radius of 25 nm 

of Ag and Au NWS respectively. Scattering cross 

section of Ag NW shows a peak at a value lower 

than 350 nm (for r=30 nm) while the absorption 

cross-section shows peak at around 342 nm 

irrespective of the reduction in radius, and also 

scattering cross-section value gets reduced to 

lower value than the absorption cross-section. 
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Fig. 9. Scattering and absorption cross-sections for 

r=25 nm of Ag NW 

 

Fig. 10. Scattering and absorption cross-sections for 

r=25 nm of Au NW 

From Fig. 11, it is clearly visible that further 

reduction in the radius of Ag NW causes zero 

shift to the absorption cross-section peak (the 

peak still occurs at around 342 nm) while the 

peak for scattering cross-section shifts to 

further lower value, a value lower than that for 

r= 20 nm. 

 
Fig. 11. Scattering and absorption cross-sections for 

r=20 nm of Ag NW 

 
Fig. 12. Scattering and absorption cross-sections for 

r=20 nm of Au NW 

 
Fig. 13. Scattering and absorption cross-sections for 

r=15 nm of Ag NW 

As indicated in Fig. 13, there is no significant 

change in the wavelength of resonance peak for 

absorption cross-section even when the Ag NW 

radius is reduced to 15 nm. The scattering 

cross-section peak in this case occurs at a 

further lower value of wavelength and also the 

amount of both the cross-sections is reduced 

with reduction in radius. 

 

Fig. 14. Scattering and absorption cross-sections for 

r=15 nm of Au NW 
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Fig. 15 depicts the overall effect of radius change 

on the Scattering cross-section value for Ag NW. 

As shown in the figure, the scattering 

cross-section peak shifts to lower wavelength 

value with the decrease in radius of the 

nanowire. Also the magnitude of the 

cross-section decreases with decrease in radius. 

The plot is made by measuring the scattering 

cross-sections for r= 28, 27, 26, 25, 24 nm. 

 

Fig. 15. Change in scattering cross-sections with 

radius of Ag NW 

Fig. 16 illustrates the effect of radius change on 

the absorption cross-section value of Ag NW. 

The scattering cross-section peak doesn’t shift 

significantly to lower wavelength value with the 

decrease in radius of the nanowire, but the 

magnitude of the cross-section decreases with 

decrease in r. 

Fig. 16 is also plotted by measuring the 

scattering cross-sections for r= 28, 27, 26, 25, 

24 nm. 

 
Fig. 16. Change in absorption cross-sections with 

radius of Ag NW 

Fig. 17 shows that increasing radius results in 

upward shift to the cross-sections in case of Au 

NW, but without any sharp peak. 

 

Fig. 17. Change in Scattering and absorption 

cross-sections with radius of Au NW 

B. Local Electric Field Intensity 

The electric field maximum is determined by the 

local structure and the LSP resonance at the 

particular site, e.g., the enhancement is 

confined within a few nanometers from the edge, 

although these are not completely distinguished. 

The sharp decay of the local field maximum is 

clearly explained by the peak shift of the LSP 

resonance to shorter wavelength and by the 

decreased coupling with increasing the spacing. 

Fig. 18 shows the electric field intensity 

distribution when radius of the nanowire 

structure is 30 nm. The SPP resonance is 

slightly sharper for Ag NW than Au NW when 

radius is set to 30 nm. 

 

 (a)                     (b) 

Fig. 18. Intensity of electric field Ey calculated with a 

0.5 nm mesh when r=30 nm of (a) Ag NW, (b) Au NW 

However, the difference in resonances is 

prominently clear from Fig. 19 and Fig. 20 in 
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which case the radius is set to 25 and 20 nm for 

both NW structures respectively. These figures 

actually show a distribution of |Ey|2. However, 

the electric field is highly intense when r= 25 

nm. 

 

 

 

 

 

    (a)                    (b) 

 

 

 

 

 

 

     (a)                        (b) 

Fig. 20. Intensity of electric field Ey calculated with a 

0.5 nm mesh when r=20 nm of (a) Ag NW, (b) Au NW 

Fig. 21illustrates one of the most interesting 

findings; when the radius is reduced to 15 nm, 

the electric field intensity at the Au-Air interface 

is much stronger than that of Ag-Air interface. 

Therefore, Au NW can support strong SPR at a 

diameter lower than the Ag NW which is utilized 

in many applications. 

 

 

 

 

 

 

 (a)                         (b) 

Fig. 21. Intensity of electric field Ey calculated with a 

0.5 nm mesh when r=15 nm of (a) Ag NW, (b) Au NW 

 

V. CONCLUSION 

The analysis of Plasmonic nanowires using 

Finite Difference Time Domain (FDTD) method is 

successfully completed and presented here. It is 

concluded that the nanowire structures of 

various metals like Silver and Gold can be 

modeled and analyzed using Finite Difference 

Time Domain method to determine and observe 

the surface plasmon polariton resonance and 

also absorption and scattering cross-sections. It 

is found that different properties of nanowire 

change with a change in its dimension. And it is 

also realized that silver nanowire has excellent 

absorption and scattering cross-section spectra 

with sharp peaks and excellent surface plasmon 

polariton resonance. In contrast, Gold nanowire 

shows better surface plasmon resonance 

characteristics in various dimensions and even 

at 15 nm radius. 

However, the nanowire structure modeled here 

is of circular cross-section. Some other 

structures, such as elliptical, hexagonal etc., 

may be investigated to study the change in 

characteristics of the nanowire network. 

Investigation on some other non-regular 

cross-sections is a future target. 

In our designed model of the nanowire structure, 

air has been chosen as the background material, 

i.e., metal-air interface provides the required 

interface for the surface plasmon resonance to 

occur at the interface. To investigate the 

nanowire structures with some other 

background materials, e.g., SiO2, is another 

future option. 

Again, several available methods could also have 

been tried other than FDTD. But FDTD method 

is very simple and easy to understand and also 

provides better fit with experiment in most cases 

reported so far. That is why the FDTD technique 

has been considered here in this work. 
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