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Abstract 
The T-matrix method is used to calculate the 

extinction cross section of two ITO particles resulting 

from incoming fields with different polarizations in the 

plasmonic region. We investigate the influence of the 

interparticle distance between two spherical particles, 

the incident direction and the size of scatterers on their 

scattering behaviour.  

1 Introduction 
The T-matrix method [1] is used to calculate scattering 

cross sections of two spherical particles close to each 

other. Much work has been performed to compute light 

scattering properties on bispherical clusters [2, 3]. But 

there are still some problems when merging two spheres 

together. Here, we would like to present results of light 

scattering simulations for dimers of Indium Tin Oxide 

(ITO) in the plasmonic region. The Drude model 

approach is used to calculate the corresponding values 

for the real and imaginary parts of the reflective index 

which is presented in Figure 1. 

Figure 1 Refractive index (n,k) of ITO. The corresponding 

data for a Drude-model approach was taken from [4]. 

2 Parameter choices 
Figure 2 shows the extinction cross sections of two 

ITO particles with an identical diameter of d = 50 nm 

and separated by a distance D varying from 0.5 nm to 10 

nm. These are the orientation averaged results for 

wavelengths from 500 nm to 2000 nm. When D is 

sufficiently small (approximately 5 nm), there is an 

additional peak for wavelengths above 1500 nm. This 

peak is red-shifted when the interparticle distance 

decreases. In order to analyse the influence of the 

interparticle distance, the incident direction and the size 

of the scatterers on the extinction cross section, we 

consider the scatterers aligned along the y-axis 

(henceforth termed the scatterer axis). Two different 

diameters, d = 20 nm, and d = 100 nm, and a varying 

interparticle distance D from 0.2 nm to 3 nm are 

investigated for wavelengths in the range from 1500 nm 

to 2000 nm. 

 

 
Figure 2 Evolution of the extinction cross section of two ITO 

particles with a diameter of 50 nm irradiated by a plane wave 

with wavelength increasing from 500 nm to 2000 nm, 

orientation averaged results. The interparticle distance 

increases from 0.5 nm to 10 nm.  
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Concerning the incident field, we consider three 

configurations, specified by the direction of the incident 

light k and the polarization shown in Table 1. 

 

i. Perpendicular: k

perpendicular to the scatterer 

axis, polarization parallel to the 

scatterer axis: k = yzk ˆ,ˆ =e  

 

ii. Transverse: k perpendicular 

to the scatterer axis, polarization 

perpendicular to the scatterer 

axis: k = xzk ˆ,ˆ =e . 
 

iii. Parallel: k parallel to the 

scatterer axis, polarization 

perpendicular to the scatterer 

axis: k = xyk ˆ,ˆ =e . 

 

Table 1 Different configurations used in the simulation.  

 

Extinction cross sections of dimers for three 

configurations are calculated for different interparticle 

distances in order to investigate the influence of the 

interparticle distance and the incident direction on the 

convergence of light scattering calculations.  

3 Method 
To simulate the light scattering by ITO dimers we use 

the Null-Field Method (commonly known as the T-

matrix method) [5]. This is a very accurate method based 

on the semianalytical solution of Maxwell equations. 

Over the years it was extended to more complex cases 

such as cluster of particles, particles near the surface, 

anisotropic scatterers [6, 7].  

In the frame of the T-matrix method the incident and 

scattered fields are expressed in terms of spherical 

vector wave functions (SVWF):  

where εµ
o

kk = is the wave number. The expansion 

coefficients ( )nmnm b,a and ( )nmnm q,p are interconnected 

by the linear transformation, the T-matrix. Here, in the 

computations we limited the summation in (1) by the 

expansion order Nrank and the azimuthal order Mrank as 

follows: 

 

 

 

 

 
Figure 3 Dependence of the extinction cross sections of ITO 

dimers on the expansion order Nrank and azimuthal order 

Mrank, diameter d=20 nm, wavelength increasing from 1500 

nm to 2000 nm. (a), (b) show the results for configuration iii 

as mentioned above, (c) for configuration i and ii. Nrank and 

Mrank are identical varying from 13 to 30. The interparticle 

distance ascends from 1.0 nm to 0.2 nm. Numerical precision 

is QUAD. 

T-matrix light scattering calculations using the Null 

Field Method for extreme particle shapes e.g. concavities 

and highly non-spherical particles with large aspect 

ratios show an increasingly unstable numerical 

behaviour. The results for an increasing expansion order 

Nrank start to behave unpredictably, usually never 

reaching convergence [8]. 

4 Results 
In the following, we would like to present results for 

ITO dimers with fixed d varying the interparticle 

distance from 0.2 nm to 3 nm.  
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4.1 d = 20 nm 
The extinction cross sections for the configuration iii 

are shown in Figure 3 (a) and (b), for the configuration i 

and ii in Figure 3 (c). 

For the configuration iii, all diagrams indicate that when 

the interparticle distance decreases below 0.35 nm, there 

are convergence problems of the solution. The 

calculations become numerically unstable. On the other 

hand this does not happen for the configuration i and ii. 

The simulation of the spectral behaviour of the dimers 

for configuration iii corresponding to Figure 3 (a) and (b) 

is presented in Figure 4. A minimal distance of D= 0.5 

nm is chosen to stay clear of the observed numerical 

difficulties. 

 

 

 

 

Figure 4 Simulation of spectral behaviour of approaching ITO 

dimers for parallel polarization, the value D is the distance 

between the spheres’ surfaces. 

 

 

 

Figure 5 Dependence of the extinction cross sections of ITO 

dimers on Nrank and Mrank, diameter d= 100 nm, wavelength 

increasing from 1500 nm to 1700 nm. Nrank and Mrank are 

identical varying from 13 to 30. The interparticle distance 

ascends from 3.0 nm to 0.2 nm. 

4.2 d = 100 nm 
The results presented in Figure 5 show convergence 

problems occur below an interparticle distance of about 

2 nm. Overall they become larger than those observed 

for d=20 nm.  

5 Summary  
In this preliminary investigation we have 

demonstrated that the interparticle distance of two ITO 

nanoparticles does have an appreciable effect on the 

extinction cross section. Convergence problems occur 

when the direction of incident light is parallel to the 

scatterer axis and a small interparticle distance. The 

critical interparticle distance depends on the size of 

particles. In our simulation, the ratio of the critical 

distance to the size of particles is approximately 2 ％. 
Further investigations are needed to clarify this 

numerical problem, which has also been observed with 

other T-matrix computer programs based on a similar 

theoretical approach.  
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