
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS                                            Vol. 15, No. 3-4, March – April 2013, p. 294 - 298 
 

Evaluation of submillimeter electromagnetic waves 
scattering on dust particles in plasma 
 
 
D. TOADERa,b, M. L. MUNTEANUa, N. BANUa,b, A. SCURTUa, C. M. TICOŞa,c 
a National Institute for Laser, Plasma and Radiation Physics, Bucharest 077125, Romania 
bUniversity of Bucharest, Department of Physics, 077125, Romania 
c National Institute for Research and Development for Microtechnologies, Bucharest 077190, Romania 
 
 
 
The interaction of submillimeter electromagnetic waves with dust particles is studied numerically by evaluating the 
scattering and absorption coefficients on single spherical grains and on crystalline layers made of spherical microparticles. 
 
(Received December 17, 2012; accepted April 11, 2013)  
 
Keywords: Dust particles, Plasma crystal, THz waves 
 

 
 
1. Introduction 
 
Dust particles can be easily levitated between two 

parallel plate electrodes in a rf plasma. They can form 
clusters or self arrange in a symmetrical structure called 
plasma crystal [1-4]. The dimension of the microparticles 
is of a few microns while the interparticle distance can be 
from 100 to 500 µm, depending on gas pressure and 
plasma parameters such as temperature and density of 
electrons and plasma potential. It was shown that the 
plasma crystal may be formed in different symmetries 
such as bcc, fcc, or hcp, set by the neutral gas pressure and 
rf power [5-6]. A raised interest has been shown in the last 
years to see how different types of electromagnetic waves 
interact with plasma crystals. A number of works studied 
the interaction of UV radiation [7], laser beams [8] and 
THz waves with crystals [9]. It has been previously 
predicted that a plasma crystal made of paramagnetic 
microparticles could be used as a tuning filter for THz 
waves [10]. By varying the magnetic field, the magnetic 
force acting on the particles is inducing changes in the 
structure of the crystal. However in this case the 
microparticles have high magnetic permeability and are 
made of materials with low index of refraction which 
could be a disadvantage. On the other hand the rotation of 
the crystal due to the ion drag force determined by the ion 
ExB flow could become an inconvenient when a stable 
structure is sought.  

This paper presents some simple preliminary results 
related to the scattering of THz radiation on dust particles 
levitated in plasma. Here we do not account for the charge 
of the particles nor do we consider paramagnetic particles 
in a magnetic field. 

In principle there is a possibility to use such a plasma 
crystal for tuning THz radiation without an external 
magnetic field by changing some of the parameters of the 

discharge and inducing changes in the interparticle 
distance. 

 
1.1. THz waves 
 
Terahertz (0.5-10 THz) waves have wavelengths in 

between the infrared spectra and microwaves and are used 
in different applications such as communications, imaging 
and spectroscopy [11]. They can be generated in a 
laboratory setting using a photoconductor junction (PC) 
illuminated with a femtosecond laser pulse. The valence 
electrons pass in the conduction band through the 
absorption of photons and emit radiation in the oscillating 
field of the laser [12]. The power of the waves emitted by 
the PC junction is in the nW range which makes it 
challenging to detect them. 

Of importance is to know the scattering efficiency of 
these electromagnetic waves on a collection of 
microparticles. The reflection and transmission factors are 
evaluated numerically when the waves are scattered off a 
single particle or diffracted by a plasma crystal, as 
functions of different dust parameters such as the size of 
the microparticles and the material of which they are made 
of. This is a very important issue for the experimental 
scattering and proper detection of the THz waves with a 
PC junction in a dusty plasma experiment. The condition 
for using TDS (time-detection-spectroscopy) is to be able 
to record signals in the scattered waves with sufficiently 
large amplitude, comparable with that of incident waves.  

Moreover, an experiment using THz waves incident 
on dust particles in plasma should consider the use of 
specific materials with low absorption coefficient such as 
Teflon. THz waves are reflected by metals and absorbed 
by glass, and it is therefore challenging to propagate these 
waves in a vacuum chamber. The entrance window for 
THz waves must be made of thick plastic material which 
needs to be compatible with vacuum.  
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2. Scattering on a sphere  
 
The study of electromagnetic waves starts from the 

simple case of a single dielectric sphere. By solving the 
Maxwell equations with the boundary conditions for the 
electromagnetic field incident and scattered on a sphere in 
the Mie approximation, one can calculate the scattering, 
absorption and extinction factors Qabs and Qsca, respectively, 
which are functions of the electromagnetic field amplitude. 
The scattering coefficient Qsca can be expressed as [13]:  
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Here, an and bn are combinations of the Bessel 

functions resulted from the series expansion of the 
electromagnetic field with spherical functions, x=2πa/λ, 
where λ is the wavelength of the electromagnetic waves, 
and a is the dust particle radius. Qsca is defined as: 
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where σsca is the scattering crossection, Ω is the solid 
angle, Psca and Pinc are the scattered and incident power, 
respectively, which are given by: 
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Esca and Einc are the scattered and incident electric fields. 
In the same way, one can infer Qabs.  The evaluation of 
Qsca and Qabs can be done numerically using dedicated 
codes [14]. 

The dielectric constant of a dust sphere is defined as:  
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and the complex refraction index is   
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Therefore the dielectric constant becomes: 
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As an example, according to expressions (5-7) for a 

melamine formaldehyde (MF) sphere we obtain: 
 

17.2,7.4' ≈≈ nrε                         (8) 
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In Figs. 2 a) and (b) the dependencies of the Qsca and 

Qabs coefficients on the frequency in the THz range is 
shown for MF spheres with two different radii, 10 and 20 
µm.  One can see that the waves are very strongly 
scattered above 3 THz for a MF sphere of 10 µm radius 
while for a larger sphere of 20 µm scattering is more 
efficient starting at 1.5 THz. As the radius of the sphere is 
bigger, the maximum value of the scattering coefficient is 
shifted towards lower frequency values. The absorption 
coefficient, Qabs, has a greater value for the larger sphere 
for the same frequency of the incident waves. For 
example, the 2 THz wave is absorbed by the 10 µm sphere 
with a coefficient of 0.01 while for the 20 µm sphere Qabs 
is 0.08. The value of 0.15 for the absorption coefficient is 
found at 4.7 THz for the 10 µm sphere and at 2.35 THz in 
the case of the larger sphere. Therefore the results show 
that a smaller microparticle is able to scatter and absorb 
electromagnetic waves up to 4.5 THz.  
 

 
 

(a) 

 
 

(b) 
 

Fig. 2. (a). Scattering on a MF sphere with radius a=10 
µm;(b) - Scattering on a MF sphere with a=20 µm. 
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Using the same expressions for alumina (Al2O3) 
spheres we obtain:  

 
16.3,10' ≈≈ nrε , δεε tgrr ''' =   (11) 
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(b) 
 

Fig. 3.(a). Scattering on an Al2O3 sphere with a=10 
µm;.(b). Scattering on an Al2O3 sphere with a=20 µm. 

 
Figs. 3 (a) and (b) illustrate the dependence of Qsca 

and Qabs on the waves frequency in the THz range, for 
Al2O3 spheres with radii equal to 10 and 20 µm. As can be 
seen, unlike the MF, the Al2O3 spheres have a much 
weaker absorption. The scattering coefficient, Qsca 
presents some pair peak values for certain frequencies. For 
the 10 µm sphere the main peaks appear at approximately 
4.5 and 6.5 THz, as shown in Fig. 3 (a). The secondary 
ones are at 8 and 8.5 THz. Between every set of peaks 
there is a minimum value. One can see that there is a clear 
trend in the variation of the scattering coefficient with the 
frequency of the incident waves. Fig. 3 (b) shows the same 
behavior for the larger Al2O3 sphere with a radius of 20 
µm. The difference between these two cases is that the 
peaks of the Qsca coefficient are shifted towards lower 
frequencies, i.e. 2.30, 3.25, 4, and 4.25 THz for the larger 

microparticle. The bandwith between these peaks also 
appears to be narrower. 

It can be noted however that because the variable x 
depends on the ratio between the dust radius a and the 
wavelength λ of the THz waves, x is invariant when both 
the dust radius and the wavelength are increased by a 
factor of 2, as is the case in our simulations. For this 
reason, Qsca  and Qabs have the same profiles in the two 
cases, of a with λ and 2a with 2λ as can be seen in  Figs. 2 
and 3. The only difference is in the frequency range which 
is shifted by a factor of 2 as well.  
 

 
3. Scattering on a dust crystal 
 
The scattering of the THz waves on a crystal made up 

of dust particles is much more complex and cannot be 
regarded as the sum of individual scatterings. Since the 
wavelength of the waves is about the same order of 
magnitude with the inter-grain spacing we can expect 
Bragg scattering of the waves on a plasma crystal. In this 
respect we assume that the particles have a still position in 
the crystal and there are no thermal oscillations similar to 
the ones present in the atomic crystal lattice. Moreover, 
multiple scattering is neglected and only diffraction on the 
crystal layers is considered. Based on these assumptions 
we further use Bragg scattering theory in the same way 
diffraction of light on a colloidal crystal made of 
nanometer size particles is studied [15-16].  

An example of crystal produced in plasma is shown in 
Fig. 4. Here only a horizontal plane of the plasma crystal 
can be seen. It can be easily observed that the crystal has 
hexagonal (hcp) symmetry. However it has been 
demonstrated experimentally that different symmetries can 
coexist at the same time, such as bcc and fcc [5-6]. 
 

 
 

Fig.4. A horizontal plane in a plasma crystal with hcp 
symmetry. 

 
The Bragg diffraction law and the reflection and 

transmission coefficients, R and T, of the crystal depend 
on the crystal properties given by a constant A:       
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In (15), FH depends on the crystal structure. For 

example in a fcc symmetry FH is equal to 4. D is the 
distance between the crystal layers, η is the refraction 
index of the whole crystal (≈1), N is the order of the 
diffraction which is 1 in our case, θ is the diffraction 
angle, ε’r is the dielectric constant of the microparticle 
material and λ0 is the wavelength.  
 

 
 

(a) 
 

 
 

(b) 
 

Fig.5. (a) Reflection and transmission coefficients for 
THz wave scattering on Al2O3 spheres with radius a=10 
µm;. (b). Reflection and transmission coefficients for THz 

wave scattering on Al2O3 spheres with a=20 µm. 
 

Figs. 5 (a) and (b) give the reflection and the 
transmission coefficients, R and T, respectively. which 
depend on the number of crystalline layers The index of 
refraction for Al2O3 microspheres is n=3.16. Two cases are 
presented: the scattering on a crystal made of spheres with 
a radius of 10 µm radius and with a radius of 20 µm, 

respectively. In both cases D=100 µm and λ0=100 µm. In 
the first case almost all the incident power of the waves is 
transmitted for a number up to 15 layers, as shown in Fig. 
5 (a). Even for a larger number of layers, of about 50, the 
transmittance is relatively high (≈0.75). The absorption 
becomes important (≈0.25) at a large number of crystalline 
planes (≳50), while being low (<0.1) for up to 10 layers. 

In the second case, when large dust particles are used 
in the crystal, the transmission coefficient is close to 1 for 
up to 4 layers and then it decreases very rapidly reaching 
0.5 for a number of 10 layers, as presented in Fig. 5 (b). 
For about 30 crystalline layers the crystal becomes opaque 
to the THz waves and most of the incident wave energy is 
reflected backward. The reflection coefficient increases 
rapidly up to 0.5 for a number of approximately 10 layers, 
and becomes 1 for about 40 layers. 

In conclusion, the THz waves are more efficiently 
reflected by a crystal made of larger microparticles which 
can act as a reflector for almost all the input energy when a 
number of more than 25 crystalline layers are present.  The 
THz waves can be efficiently transmitted by a crystal 
made of spheres with a smaller diameter, even for a large 
number of layers. 

It should be mentioned that R and T depend strongly 
on the factor FH. Thus, if locally a structure with bcc 
symmetry exists, then FH=2 and the values of R and T 
change significantly. Also it should be noted that the factor 
A depends on the ratio Da 3/  and a choice of a=10 µm 
and D=100 µm produces the same results as the set of 
values a=20 µm and D=200 µm. 
 

 
4. Conclusions 

 
We have shown that the scattering and absorption 

coefficients of a single microsphere made of MF or Al2O3 
depend on the frequency of the radiation in the range of 
the THz spectrum. The scattering of THz waves on dust 
microparticles is more efficient for large enough grains of 
at least 10 µm in radius. A large dust particle radius is a 
requirement especially for microparticles made of less 
absorbing materials like alumina (Al2O3). In the case of 
plasma crystals the Bragg diffraction is optimum when the 
radius of the particles relative to the distance between the 
crystalline layers, D, is about 0.05. The interparticle 
distance can be adjusted by a fine tuning of the gas 
pressure conditions in a dusty plasma, at constant rf 
power. Further investigations concerning the coexistence 
of different crystalline structures and their effect during 
the interaction with THz radiation are needed. Also defects 
in the lattice structure of the plasma crystal could 
drastically affect the transmission and reflection 
coefficients and should be assessed. 
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