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THE EFFECT OF A HIGH-FREQUENCY ELECTROMAGNETIC FIELD ON THE BREATHER-ELECTRIC 
EFFECT IN A NON-ADDITIVE SUPERLATTICE 
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I. INTRODUCTION 

Superlattices (SL) are still of interest to researchers for several reasons. One of them is the possibility of 
propagation of nonlinear electromagnetic waves at relatively small field strengths (about 10

3
 V / cm) [1-4]. In 

this case, the propagation of electromagnetic waves in the superlattice is described by the sine-Gordon 
equation, which also describes a few physical phenomena in various systems [5].  

The effect of charge entrainment by a breather in superlattices with a model spectrum in the strong coupling 
approximation in the presence of a warming electromagnetic field is investigated.  

II. MAIN PART 

Let us consider an SL that is periodical along the Oz axis. The dispersion law for this SL has the form (   
  ) 

                                                                                           

where d is the superlattice period, Δ is the half-width of the conduction miniband. In this case, the form of the 
transverse part of the energy spectrum       depends on the material on the basis of which the superlattice 

is made. For GaAs / AlGaAs-based superlattices       
  

 

  
.  For graphene-based superlattices       
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The propagation of short electromagnetic pulses in an SL along its layers in the collisionless approximation 
is described by the sine-Gordon equation 

   

   
 

   

   
                                                                                 

where   
    

 
 – is the dimensionless coordinate,        – is the dimensionless time,   

   

  
 - is the 

dimensionless vector potential of the pulse electromagnetic field associated with the electric field strength 

     by the relation     ∫      
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  is the plasma frequency of electrons in the 

conduction miniband, n – is the concentration charge carriers in the SL, с – is the rate of electromagnetic 

radiation in vacuum,             – are the modified Bessel functions,   – is the temperature in energy units. 

Some of the simplest and most studied solutions of equation (2) are the so-called N-soliton solutions [6]. 
However, this equation also has more complex solutions. In addition to soliton solutions, a doublet solution 
stands out, otherwise called a bion or breather (the term “breathing” solution is also encountered). The 
possibility of propagation of electromagnetic breathers in a semiconductor superlattice was demonstrated in 
[7]. Mathematically, the doublet solution looks like this (in dimensional coordinates): 
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Physically, the doublet solution can be interpreted as a coupled (oscillating with frequency ) state of a 
soliton-antisoliton pair. 

For the experimental detection of breathers in superlattices, the effect of dragging electrons by them 
(breather-electric effect) can be used. A similar effect is also observed in the case of propagation of solitons 
(solitonoelectric effect). 

It was shown in [6] that in the case of application of a high-frequency field with an intensity along the SL axis, 
equation (2) is modified as follows [8] 

   

   
 

   

   
                                                                                               

where         . 

We will assume that the width of a solitary wave is large in comparison with the mean free path of an 
electron, and the time of action of a solitary wave on an electron is small in comparison with the time of free 
path of an electron; at typical values of the parameters, these assumptions are fulfilled. Under these 
conditions, we obtain an expression for the drag current density, determined by the following formula: 
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To find the transferred charge (namely, it is detected experimentally), it is necessary to integrate expression 
(5) from minus to plus infinity. In the case of     this can be done analytically, but in the general case of 
an arbitrary bond strength, the study can only be carried out numerically. Let us immediately note the main 
feature in expression (5) - for a certain value of the dimensionless strength of the high-frequency field a, the 

value of  ̃ can become complex, since in the expression under the root         
       the first term 

decreases with increasing a. We can say that at this point the breather solution loses its stability and the 
breather-electric effect disappears. Earlier in [7], it was noted that when considering the soliton-electric effect 
under the conditions of an alternating field, a similar effect occurs - the soliton solution loses its stability at a 
field value for which        . However, this condition has a simple physical interpretation: the high-

frequency field heats up the electron gas and at         the average energy becomes greater than the half-
width of the conduction miniband, and the propagation of amplified pulses becomes possible - an autosoliton 
solution. In the case of a breather solution, it loses stability even before the distribution of electrons is 
inverted; therefore, the physical reason for the loss of stability is still unclear and the issue requires additional 
research. 

III. CONCLUSIONS 

The paper investigates the propagation of the breather of the sine-Gordon equation under the influence of a 
high-frequency field. The features of the entrainment of the charge by such a pulse are noted. 
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I. INTRODUCTION 

The aim of the presented research is developing of the methods and techniques using optimized 
technological regimes to improve the electrical insulation strength of anodic Al2O3 in vias of double-sided 
alumina bases for potential use in power multichip modules [1]. 

Preliminary experimental studies of fabricated alumina bases with vias matrices showed that in the process 
of electrochemical anodization at the junction of horizontal and vertical surfaces in vias, microcracks 
inevitably appeared due to anodizing fronts competing in different directions, restructuring of the porous 
structure and arising mechanical stresses, even if on the continuous surface of alumina bases, microcracks 
were completely absent. 

II. RESULTS AND DISCUSSION 

It was shown that the dielectric strength of anodic Al2O3 in vias increased by minimizing the number of 
microcracks due to vias have chamfers (at an angle of up to 45°), a smooth profile at the inputs with 
satisfactory roughness parameters were formed on the initial samples of aluminum bases by machining and 
due to the smoothing of microcracks during reanodization. Various methods and techniques were developed 
and investigated consisting the compositions of single- and multicomponent electrolytes and the 
electrochemical conditions of multistage anodizing for the beneficial (in terms of increasing the breakdown 
voltages in vias) structural rearrangement of anodic Al2O3 and the formation of multilayer elastic and flexible 
coatings with minimization of the number of microcracks and internal mechanical stresses. It was found that 
to ensure the high breakdown voltages, it is necessary to prime (fill the pores) of anodic Al2O3 and heal 
defective microcracks in vias with organosilicon varnish in an ultrasonic bath at a frequency of ~20-40 kHz at 
a maximum power of ~0,5 kW and temperature ~30 °С during 20 min. Moreover, this technological 
technique should be carried out in two cycles. Then after filling the excess varnish in the vias should be 
blowed out with compressed air and after removed from the surface with a squeegee and treated with a 
toluene solution, after which a multistage heat treatment procedure is carried out with a maximum 
temperature of 280 °C. 

It was shown that after using of the appropriate technological methods the breakdown voltages of the 
obtained test samples (Figure 1 (a)) were up to ~6 kV on working surfaces without holes and up to ~2,5 kV in 
vias (Figure 1 (b)). 

   

Figure 1. Photo of various double-sided alumina bases with vias (a) and comparative analysis of 
technological methods influence on the breakdown voltage (b) 
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